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Chapter 1
Overview of TIMSS 2003

Michael O. Martin and Ina V.S. Mullis

1.1 Introduction

Since pioneering cross-national studies of educational achievement with the First
International Mathematics Study (FIMS) in 1964, the International Association
for the Evaluation of Educational Achievement (IEA) has conducted almost 20
studies of student achievement in the curricular areas of mathematics, science,
language, civics, and reading. The Third International Mathematics and Science
Study (TIMSS) in 1994-1995 was the largest and most complex IEA study ever
conducted, including both mathematics and science at third and fourth grades,
seventh and eighth grades, and the final year of secondary school.

In 1999, TIMSS (now renamed the Trends in International Mathemat-
ics and Science Study) again assessed eighth-grade students in both math-
ematics and science to measure trends in student achievement since 1995.
Also, 1999 represented four years since the first TIMSS, and the population
of students originally assessed as fourth-graders had advanced to the eighth
grade. Thus, TIMSS 1999 also provided information about whether the rela-
tive performance of these students had changed in the intervening years.

TIMSS 2003, the third data collection in the TIMSS cycle of studies, was
administered at the eighth and fourth grades. For countries that participated
in previous assessments, TIMSS 2003 provides three-cycle trends at the eighth
grade (1995, 1999, 2003) and data over two points in time at the fourth grade
(1995 and 2003). In countries new to the study, the 2003 results can help
policy makers and practitioners assess their comparative standing and gauge
the rigor and effectiveness of their mathematics and science programs.

This volume describes the technical aspects of TIMSS 2003 and summa-
rizes the main activities involved in the development of the data collection instru-
ments, the data collection itself, and the analysis and reporting of the data.
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CHAPTER 1: OVERVIEW OF TIMSS 2003

1.2  Participants in TIMSS 2003

Exhibit 1.1 lists all the countries that have participated in TIMSS in 1995,
1999, or 2003 at fourth or eighth grade. In all, 67 countries have participated
in TIMSS at one time or another. Of the 49 countries that participated in
TIMSS 2003, 48 participated at the eighth grade and 26 at the fourth grade.
Yemen participated at the fourth but not the eighth grade. The exhibit shows
that at the eighth grade 23 countries also participated in TIMSS 1995 and
TIMSS 1999. For these participants, trend data across three points in time are
available. Eleven countries participated in TIMSS 2003 and TIMSS 1999 only,
while three countries participated in TIMSS 2003 and TIMSS 1995. These
countries have trend data for two points in time. Of the 12 new countries
participating in the study, 11 participated at eighth grade and 2 at the fourth
grade. Of the 26 countries participating in TIMSS 2003 at the fourth grade,
16 also participated in 1995, providing data at two points in time.

Following the success of the TIMSS 1999 benchmarking initiative in the
United States,! in which 13 states and 14 school districts or district consortia
administered the TIMSS assessment and compared their students” achievement
to student achievement world wide, TIMSS 2003 included an international
benchmarking program, whereby regions of countries could participate in
the study to compare to international standards. TIMSS 2003 included four
benchmarking participants at the eighth grade: the Basque Country of Spain,
the U.S. state of Indiana, and the Canadian provinces of Ontario and Quebec.
Indiana, Ontario, and Quebec participated also at the fourth grade. Having also
participated in 1999, Indiana has data at two points in time at eighth grade.
Ontario and Quebec participated also in 1995 and 1999, and so have trend
data across three points in time at both grade levels.

13 Student Populations

TIMSS 2003 had as its intended target population all students at the end of
their eighth and fourth years of formal schooling in the participating coun-
tries. However, for comparability with previous TIMSS assessments, the formal
definition for the eighth-grade population specified all students enrolled in
the upper of the two adjacent grades that contained the largest proportion
of 13-year-old students at the time of testing. This grade level was intended
to represent eight years of schooling, counting from the first year of primary
or elementary schooling, and was indeed the eighth grade in most countries.
Similarly, for the fourth-grade population, the formal definition specified all
students enrolled in the upper of the two adjacent grades that contained the
largest proportion of 9-year-olds. This grade level was intended to represent

1 See Mullis, Martin, Gonzalez, O'Connor, Chrostowski, Gregory, Garden, and Smith (2001) for the results of the bench-
marking in mathematics and Martin, Mullis, Gonzalez, O'Connor, Chrostowski, Gregory, Smith, and Garden (2001) for
the results in science.
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four years of schooling, counting from the first year of primary or elementary
schooling, and was the fourth grade in most countries.

1.4 Assessment Dates

TIMSS 2003 was administered near the end of the school year in each country.
In countries in the Southern Hemisphere (where the school year typically
ends in November or December) the assessment was conducted in October
or November 2002. In the Northern Hemisphere, the school year typically
ends in June; so in these countries the assessment was conducted in April,
May, or June 2003.

1.5 Study Management and Organization

TIMSS 2003 was conducted under the auspices of the IEA. The study was
directed by Michael O. Martin and Ina V.S. Mullis of the TIMSS & PIRLS
International Study Center at Boston College, Lynch School of Education,
where they also direct IEA’s Progress in International Reading Literacy Study
(PIRLS). The International Study Center was responsible for the design, devel-
opment, and implementation of the study — including developing the assess-
ment framework, assessment instruments, and survey procedures; ensuring
quality in data collection; and analyzing and reporting the study results.
Staff at the International Study Center worked closely with the organiza-
tions responsible for particular aspects of the study, the representatives of
participating countries, and the TIMSS advisory committees.

In the IEA Secretariat, Hans Wagemaker, Executive Director, was
responsible for overseeing fundraising and country participation. The TEA
Secretariat also managed the ambitious translation verification effort con-
ducted for the field test and main assessment and recruited international
quality control monitors in each country. The IEA Data Processing Center
was responsible for processing and verifying the data from the participating
countries and for constructing the international database. Working closely
with the Data Processing Center, Statistics Canada was responsible for collect-
ing and evaluating the sampling documentation from each country and for
calculating the sampling weights. Educational Testing Service in Princeton,
New Jersey provided consultation on psychometric issues as well as techni-
cal support and software for scaling the achievement data. The Project Man-
agement Team, comprising the study directors and representatives from the
International Study Center, IEA, Statistics Canada, and Educational Testing
Service, met regularly throughout the study to discuss the study’s progress,
procedures, and schedule.

TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE
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Exhibit 1.1 Countries Participating in TIMSS 2003, 1999, and 1995
Grade 8 Grade 4
2003 1999 1995 2003 1995

Argentina* [ ] ([

Armenia [ ] e

Australia o [ [ J ([ o
Austria o [ ]
Bahrain [ ]

Belgium (Flemish) [ ) o o o

Belgium (French) [ )

Botswana o

Countries

Bulgaria [ J

Canada

Chile [ ]
Chinese Taipei o
Colombia

Cyprus o
Czech Republic

Denmark

Egypt
England

Estonia
Finland (]
France

Germany

Ghana [ J

Greece

Hong Kong, SAR [ ] ([
Hungary o o
Iceland

Indonesia

Iran, Islamic Rep. of
Ireland

Israel

Italy

Japan

Jordan

Korea, Rep. of
Kuwait

Latvia

Lebanon

Lithuania
Macedonia, Rep. of
Malaysia

Moldova, Rep. of
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CHAPTER 1: OVERVIEW OF TIMSS 2003

Exhibit 1.1 Countries Participating in TIMSS 2003, 1999, and 1995 (..continued)

Countries

Morocco
Netherlands
NewZealand
Norway
Palestinian Nat'l Auth.
Philippines
Portugal

Romania

Russian Federation
SaudiArabia
Scotland

Serbia

Singapore

Slovak Republic
Slovenia

South Africa

Spain

Sweden
Switzerland

Syrian Arab Republic**
Thailand

Tunisia

Turkey

United States

Yemen**

Benchmarking Participants

BasqueCountry, Spain
IndianaState, US
OntarioProvince, Can.

QuebecProvince, Can.

*k Kk

*kk

2003

Grade 8
1999

1995

2003

Grade 4
1995

* Argentina administered the TIMSS 2003 data collection one year late, and did not score and process its data in time for inclu-

sion in this report.

**Because the characteristics of their samples are not completely known, achievement data for Syrian Arab Republic and Yemen
are presented in Appendix F of the International reports.

***Ontario and Quebec participated in TIMSS 1999 and 1995 as part of Canada.
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CHAPTER 1: OVERVIEW OF TIMSS 2003

Each participating country appointed a National Research Coordinator
(NRC) and a national center responsible for all aspects of TIMSS 2003 within
that country. The TIMSS & PIRLS International Study Center organized meet-
ings of the NRCs several times a year to review study materials and proce-
dures, and to provide training in student sampling, constructed-response item
scoring, and data entry and database construction.

The TIMSS & PIRLS International Study Center was supported in
its work by a number of advisory committees. The International Expert
Panel in Mathematics and Science played a crucial role in developing the
TIMSS 2003 frameworks and specifications for the assessment. The Math-
ematics and Science Item Development Task Forces coordinated the work
of the National Research Coordinators in developing and reviewing the
mathematics and science achievement items. The Science and Mathemat-
ics Item Review Committee reviewed and revised successive drafts of the
achievement items and was an integral part of the scale anchoring process.
The Questionnaire Item Review Committee revised the TIMSS context ques-
tionnaires for the 2003 assessment.

1.6 The TIMSS 2003 Assessment Frameworks

The development of the TIMSS 2003 assessment was a collaborative process
spanning a two-and-a-half-year period and involving mathematics and
science educators and development specialists from all over the world. Central
to this effort was a major updating and revision of the existing TIMSS assess-
ment frameworks to address changes during the last decade in curricula and
the way science is taught. The resulting publication entitled TIMSS Assess-
ment Frameworks and Specifications 2003 serves as the basis of TIMSS 2003 and
beyond (Mullis, Martin, Smith, Garden, Gregory, Gonzalez, Chrostowski, and
O’Connor, 2003).

As shown in Exhibit 1.2, the mathematics and science assessment
frameworks for TIMSS 2003 are framed by two organizing dimensions or
aspects, a content domain and a cognitive domain. There are five content
domains in mathematics (number, algebra, measurement, geometry, and data)
and five in science (life science, chemistry, physics, earth science, and envi-
ronmental science) that define the specific mathematics and science subject
matter covered by the assessment. The cognitive domains, four in mathemat-
ics (knowing facts and procedures, using concepts, solving routine problems,
and reasoning) and three in science (factual knowledge, conceptual under-
standing, and reasoning and analysis) define the sets of behaviors expected
of students as they engage with the mathematics and science content.
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Exhibit 1.2 The Content and the Cognitive Domains of the Mathematics and Science
Framework
Mathematics Science
Content Domain Content Domain
Grade 8 Number Grade 8 Life Science
Algebra Chemistry
Measurement Physics
Geometry Earth Science
Data Environmental Science
Grade 4 Number Grade 4**  Life Science

Patterns and Relationships*
Measurement
Geometry
Data

Cognitive Domain
Knowing Facts and Procedures
Using Concepts

Solving Routine Problems

Physical Science

Earth Science

Cognitive Domain
Factual Knowledge
Conceptual Understanding

Reasoning and Analysis

Reasoning

* At fourth grade, the algebra content domain is called patterns and relationships.
**At the fourth grade, there are only three content areas in science, namely life science, physical science, and earth science.

1.7 Developing the TIMSS 2003 Assessment

Given TIMSS’ ambitious goals for curriculum coverage and innovative problem
solving tasks, as specified in the Frameworks and Specifications, the devel-
opment of the assessment items required a tremendous cooperative effort,
crucially dependent on the contribution of the National Research Coordina-
tors (NRCs) during the entire process. To maximize the effectiveness of the
contributions from national centers, the TIMSS & PIRLS International Study
Center developed a detailed item-writing manual and conducted a workshop
for countries that wished to provide items for the international item pool. At
this workshop, two item development “Task Forces” reviewed general item-
writing guidelines for multiple-choice and constructed-response items and pro-
vided specific training in writing mathematics and science items in accordance
with the TIMSS Assessment Frameworks and Specifications 2003. The mathemat-
ics task force consisted of the mathematics coordinator and two experienced
mathematics item writers, and similarly the science task force comprised the
science coordinator and two experienced science item writers.

More than 2,000 items and scoring guides were drafted, and reviewed
by the task forces. The items were further reviewed by the Science and Math-
ematics Item Review Committee, a group of internationally prominent math-

TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE
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ematics and science educators nominated by participating countries to advise
on subject-matter issues in the assessment. Committee members also helped
to develop tasks and items to assess problem solving and scientific inquiry.

Participating countries field-tested the items with representative
samples of students, and all of the potential new items were again reviewed
by the Science and Mathematics Item Review Committee as well as by NRCs.
The resulting TIMSS 2003 eighth-grade assessment contained 383 items, 194
in mathematics and 189 in science. The fourth grade assessment contained
313 items, 161 in mathematics and 152 in science.

Between one-third and two-fifths of the items at each grade level
were in constructed-response format, requiring students to generate and write
their own answers. Some constructed-response questions asked for short
answers while others required extended responses with students showing
their work or providing explanations for their answers. The remaining ques-
tions used a multiple-choice format. In scoring the items, correct answers
to most questions were worth one point. However, responses to some con-
structed-response questions (particularly those requiring extended responses)
were evaluated for partial credit, with a fully correct answer being awarded
two points. The total number of score points available for analysis thus some-
what exceeds the number of items.

Not all of the items in the TIMSS 2003 assessment were newly devel-
oped for 2003. To ensure reliable measurement of trends over time, the
assessment included also items that had been used in the 1995 and 1999
assessments. For example, of the 426 score points available in the entire 2003
mathematics and science assessment, 47 came from items used also in 1995,
102 from items used also in 1999, and 267 from items used for the first time
in 2003. At fourth grade, 70 score points came from 1995 items, and the
remaining 267 from new 2003 items.

Every effort was made to ensure that the tests represented the curri-
cula of the participating countries and that the items exhibited no bias toward
or against particular countries. The final forms of the test were endorsed by
the NRCs of the participating countries. In addition, countries had an oppor-
tunity to match the content of the test to their curriculum. They identified
items measuring topics not covered in their intended curriculum. The infor-
mation from this Test-Curriculum Matching Analysis, provided in Appendix C
of the International Reports, indicates that omitting such items has little effect
on the overall pattern of results.

TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE



1.8 TIMSS 2003 Assessment Design

With the large number of mathematics and science items, it was not possible
for every student to respond to all items. To ensure broad subject-matter cov-
erage without overburdening individual students, TIMSS 2003, as in the 1995
and 1999 assessments, used a matrix-sampling technique that assigns each
assessment item to one of a set of item blocks, and then assembles student
test booklets by combining the item blocks according to a balanced design.
Each student takes one booklet containing both mathematics and science
items. Thus, the same students participated in both the mathematics and
science testing.

In the TIMSS 2003 assessment design, the 313 fourth-grade mathe-
matics and science items and the 383 eighth-grade items were divided among
28 item blocks at each grade, 14 mathematics blocks labeled M01 through
M14, and 14 science blocks labeled SO1 through S14. Each block contained
either mathematics items only or science items only. This general block design
was the same for both grades, although the planned assessment time per
block was 12 minutes for fourth grade and 15 minutes for eighth grade.

There were 12 student booklets at each grade level, with six blocks
of items in each booklet. To enable linking between booklets, each block
appears in two, three, or four different booklets. The assessment time for
individual students was 72 minutes at fourth grade (six 12-minute blocks)
and 90 minutes at eighth grade (six 15-minute blocks), which is comparable
to that in the 1995 and 1999 assessments. The booklets were organized into
two three-block sessions (Parts I and II), with a break between the parts.

The 2003 assessment was the first TIMSS assessment in which calcula-
tors were permitted, and so it was important that the design allow students
to use calculators when working on the new 2003 items. However, because
calculators were not permitted in TIMSS 1995 or 1999, the 2003 design also
had to ensure that students did not use calculators when working on trend
items from these assessments. The solution was to place the blocks containing
trend items (blocks MO1 — M06 and SO1 — S06) in Part I of the test booklets,
to be completed without calculators before the break. After the break, cal-
culators were allowed for the new items (blocks M07 — M14 and S07 — S14).
To provide a more balanced design, however, and have information about
differences with calculator access, two mathematics trend blocks (M05 and
MO06) and two science trend blocks (SO5 and S06) also were placed in Part
II of one booklet each. Note that calculators were allowed only at the eighth
grade, and not at the fourth grade.

TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE
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1.9 Background Questionnaires

By gathering information about students” educational experiences together
with their mathematics and science achievement on the TIMSS assessment,
it is possible to identify factors or combinations of factors related to high
achievement. As in previous assessments, TIMSS in 2003 administered a broad
array of questionnaires to collect data on the educational context for student
achievement. For TIMSS 2003, a concerted effort was made to streamline and
upgrade the questionnaires. The TIMSS 2003 contextual framework (Mullis,
et al.,, 2003) articulated the goals of the questionnaire data collection and laid
the foundation for the questionnaire development work.

Across the two grades and two subjects, TIMSS 2003 involved 11 ques-
tionnaires. National Research Coordinators completed four questionnaires. With
the assistance of their curriculum experts, they provided detailed information
on the organization, emphasis, and content coverage of the mathematics and
science curriculum at fourth and eighth grades. The fourth- and eighth-grade stu-
dents who were tested answered questions pertaining to their attitudes towards
mathematics and science, their academic self-concept, classroom activities,
home background, and out-of-school activities. The mathematics and science
teachers of sampled students responded to questions about teaching emphasis
on the topics in the curriculum frameworks, instructional practices, profes-
sional training and education, and their views on mathematics and science.
Separate questionnaires for mathematics and science teachers were adminis-
tered at the eighth grade, while to reflect the fact that most younger students
are taught all subjects by the same teacher, a single questionnaire was used
at the fourth grade. The principals or heads of schools at the fourth and eighth
grades responded to questions about school staffing and resources, school
safety, mathematics and science course offerings, and teacher support.

1.10 Translation and Verification

The TIMSS data collection instruments were prepared in English and trans-
lated into 34 languages. Of the 49 countries and four benchmarking partici-
pants, 17 collected data in two languages and one country, Egypt, in three
languages — Arabic, English, and French. In addition to translation, it some-
times was necessary to modify the international versions for cultural reasons,
even in the countries that tested wholly or partly in English. This process
represented an enormous effort for the national centers, with many checks
along the way. The translation effort included (1) developing explicit guide-
lines for translation and cultural adaptation; (2) translation of the instruments
by the national centers in accordance with the guidelines, using two or more
independent translations; (3) consultation with subject-matter experts on
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cultural adaptations to ensure that the meaning and difficulty of items did
not change; (4) verification of translation quality by professional translators
from an independent translation company; (5) corrections by the national
centers in accordance with the suggestions made; (6) verification by the Inter-
national Study Center that corrections were made; and (7) a series of statisti-
cal checks after the testing to detect items that did not perform comparably
across countries.

1.11 Data Collection

Each participating country was responsible for carrying out all aspects of the
data collection, using standardized procedures developed for the study. Train-
ing manuals were created for school coordinators and test administrators that
explained procedures for receipt and distribution of materials as well as for
the activities related to the testing sessions. These manuals covered proce-
dures for test security, standardized scripts to regulate directions and timing,
rules for answering students” questions, and steps to ensure that identification
on the test booklets and questionnaires corresponded to the information on
the forms used to track students.

Each country was responsible for conducting quality control proce-
dures and describing this effort in the NRCs' report documenting procedures
used in the study. In addition, the TIMSS & PIRLS International Study Center
considered it essential to monitor compliance with standardized procedures.
NRCs were asked to nominate one or more persons unconnected with their
national center to serve as quality control monitors for their countries. The
International Study Center developed manuals for the monitors and briefed
them in two-day training sessions about TIMSS, the responsibilities of the
national centers in conducting the study, and their roles and responsibilities.

In all, 50 quality control monitors drawn from the 49 countries and
four Benchmarking participants participated in the training. Where necessary,
quality control monitors who attended the training session were permitted
to recruit other monitors to assist them in covering the territory and meeting
the testing timetable. All together, the international quality control monitors
and those trained by them observed 1,147 testing sessions (755 for grade 8
and 392 for grade 4), and conducted interviews with the National Research
Coordinator in each of the participating countries.

The results of the interviews indicate that, in general, NRCs had pre-
pared well for data collection and, despite the heavy demands of the sched-
ule and shortages of resources, were able to conduct the data collection
efficiently and professionally. Similarly, the TIMSS tests appeared to have

TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE
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been administered in compliance with international procedures, includ-
ing the activities before the testing session, those during testing, and the
school-level activities related to receiving, distributing, and returning mate-
rial from the national centers.

1.12 Scoring the Constructed-Response Items

Because a large proportion of the assessment time was devoted to constructed-
response items, TIMSS needed to develop procedures for reliably evaluating
student responses within and across countries. Scoring used two-digit codes
with rubrics specific to each item. The first digit designates the correctness level
of the response. The second digit, combined with the first, represents a diagnos-
tic code identifying specific types of approaches, strategies, or common errors
and misconceptions. Although not used in this report, analyses of responses
based on the second digit should provide insight into ways to help students
better understand science concepts and problem-solving approaches.

To ensure reliable scoring procedures based on the TIMSS rubrics, the
International Study Center prepared detailed guides containing the rubrics
and explanations of how to implement them, together with example student
responses for the various rubric categories. These guides, along with train-
ing packets containing extensive examples of student responses for practice
in applying the rubrics, were used as a basis for intensive training in scoring
the constructed-response items. The training sessions were designed to help
representatives of national centers who would then be responsible for training
personnel in their countries to apply the two-digit codes reliably.

To gather and document empirical information about agreement
among scorers in each country, TIMSS arranged to have systematic samples
of at least 100 student responses to each item scored independently by two
readers. The results showed a high degree of agreement for both the correct-
ness score (the first digit) and for the two-digit diagnostic score. At the eighth
grade, the percentage of exact agreement between scorers averaged 99 and 97
percent for the correctness score in mathematics and science, respectively, and
97 and 92 percent for the diagnostic score. At fourth grade, the figures were
99 and 96 percent for the mathematics and science correctness score and 97
and 92 percent for the diagnostic score. The TIMSS data from the reliability
studies indicate that scoring procedures were robust for the mathematics and
science items, especially for the correctness score used for the analyses in the
International reports.

TIMSS 2003 also took steps to show that those constructed-response
items from 1999 that were used in 2003 were scored in the same way in both
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assessments. In anticipation of this, countries that participated in TIMSS 1999
sent samples of scored student booklets from the 1999 eighth-grade data col-
lection to the IEA Data Processing Center, where they were digitally scanned
and stored in presentation software for later use. As a check on scoring consis-
tency from 1999 to 2003, staff members working in each country on scoring
the 2003 eighth-grade data were asked also to score these 1999 responses
using the DPC software. The items from 1995 that were used in TIMSS 2003
all were in multiple-choice format, and therefore scoring reliability was not
an issue. There was a high degree of scoring consistency, with 92 percent
exact agreement, on average, internationally, in mathematics and 98 percent
in science between the scores awarded in 1999 and those given by the 2003
scorers. There was somewhat less agreement at the diagnostic score level,
with 93 percent exact agreement, on average, in mathematics and 81 percent
in science.

To monitor the consistency with which the scoring rubrics were
applied across countries, TIMSS collected from the Southern-Hemisphere
countries that administered TIMSS in English a sample of 150 student
responses to 41 constructed-response mathematics and science questions. This
set of student responses was then sent to each Northern-Hemisphere country
having scorers proficient in English and scored independently by one or if
possible two of these scorers. All 150 responses to each of the 41 items were
scored by 37 scorers from the countries that participated. Agreement across
countries was defined in terms of the percentage of these scores that were in
exact agreement. The results showed that scorer reliability across countries
was high, particularly in mathematics, with the percent exact agreement
averaging 96 percent across the mathematics items and 87 percent across the
science items for the correctness score and 92 percent and 76 percent across
mathematics and science items, respectively, for the diagnostic score.

1.13 Data Processing

To ensure the availability of comparable, high-quality data for analysis, TIMSS
took rigorous quality control steps to create the international database. TIMSS
prepared manuals and software for countries to use in entering their data, so
that the information would be in a standardized international format before
being forwarded to the IEA Data Processing Center in Hamburg for creation
of the international database. Upon arrival at the Data Processing Center,
the data underwent an exhaustive cleaning process. This involved several
iterative steps and procedures designed to identify, document, and correct
deviations from the international instruments, file structures, and coding
schemes. The process also emphasized consistency of information within
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national data sets and appropriate linking among the many student, teacher,
and school data files.

Throughout the process, the TIMSS 2003 data were checked and
double-checked by the IEA Data Processing Center, the International Study
Center, and the national centers. The national centers were contacted regu-
larly and given multiple opportunities to review the data for their countries.
In conjunction with the IEA Data Processing Center, the International Study
Center reviewed item statistics for each cognitive item in each country to
identify poorly performing items. In general, the items exhibited very good
psychometric properties in all countries. In the few instances where there
were poor item statistics (negative point-biserials for the key, large item-by-
country interactions, and statistics indicating lack of fit with the model), these
were a result of translation, adaptation, or printing errors.

1.14 Scaling the TIMSS Achievement Data

Deriving reliable student achievement scores from a large-scale assessment
measuring trends over time like TIMSS poses a difficult challenge. Firstly,
because of the ambitious coverage goals of TIMSS 2003, there was not enough
testing time for a student to complete the entire assessment, and so a matrix-
sampling design was adopted whereby each student’s test booklet contained
just a part of the assessment. Although this solved the problem of adminis-
tering the assessment, it complicated the calculation of student achievement
scores, since not all students took the same set of items, and the items that
students did take were not all equally difficult. Secondly, in measuring trends
over time (1995, 1999, 2003, and so on), it was not possible for TIMSS to
keep reusing the same mathematics and science achievement items. In order
to keep the assessment at the cutting edge of mathematics and science educa-
tion, it was necessary to replace older items with new material at each cycle.
In addition, TIMSS has a policy of publishing a large proportion of the items
used in each assessment so that educators, policy makers, and the public may
have a good understanding of the mathematics and science addressed by the
assessment. Accordingly, the composition of the assessment evolves at each
assessment cycle, as items are published and used for illustrative purposes
and new items are developed to replace the published items. This further
complicated the calculation of student achievement scores.

To meet the challenge of estimating student achievement, TIMSS relies
primarily on item response theory (IRT) scaling methods. With IRT scaling,
students’ scores do not depend on taking the same set of items, and so this
methodology is particularly useful when different blocks of items and different
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samples of students have to be linked. This being the case, IRT methodology
was preferred by TIMSS for developing comparable estimates of performance
for all students, since students answered different test items depending upon
which of the 12 test booklets they received. The IRT analysis provides a
common scale on which performance can be compared across countries. In
addition to providing a basis for estimating mean achievement, scale scores
permit estimates of how students within countries vary and provide informa-
tion on percentiles of performance.

In TIMSS 2003, the mathematics and science results were summa-
rized using a family of 2-parameter and 3-parameter IRT models for dichoto-
mously-scored items (right or wrong), and generalized partial credit models
for items with 0, 1, or 2 available score points. The IRT scaling method pro-
duces a score by averaging the responses of each student to the items that he
or she took in a way that takes into account the difficulty and discriminating
power of each item. As with any method of scaling student achievement,
measurement is most reliable when a student responds to a large number of
items, and is less reliable when the number of items is small. In the matrix-
sampling approach adopted by TIMSS, with each student responding to a
limited number of items, and given TIMSS’ ambitious reporting goals — scales
for two subjects (mathematics and science) and for five content domains
in each subject — each student may respond to just a few items related to a
particular scale.

To improve reliability, the TIMSS scaling methodology draws on infor-
mation about students” background characteristics as well as their responses
to the achievement items. This approach, known as “conditioning,” enables
reliable scores to be produced even though individual students responded to
relatively small subsets of the total mathematics or science item pool. Rather
than estimating student scores directly, TIMSS combines information about
item characteristics, student responses to the items that they took, and student
background information to estimate student achievement distributions. Having
determined the overall achievement distribution, TIMSS estimates each stu-
dent’s achievement conditional on the student’s responses to the items that
they took and the student’s background characteristics. To account for error
in this imputation process, TIMSS draws five such estimates, or “plausible
values,” for each student on each of the scales, and incorporates the variability
between the five estimates in the standard error of any statistics reported.

The TIMSS mathematics and science achievement scales were designed
to provide reliable measures of student achievement spanning 1995, 1999,
and 2003. The metric of the scale was established originally with the 1995
assessment. Treating equally all the countries that participated in 1995 at the
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eighth grade, the TIMSS scale average over those countries was set at 500 and
the standard deviation at 100. The same applied for the fourth-grade assess-
ment. Since the countries varied in size, each country was weighted to con-
tribute equally to the mean and standard deviation of the scale. The average
and standard deviation of the scale scores are arbitrary and do not affect scale
interpretation. To preserve the metric of the original 1995 scale, the 1999
eighth-grade assessment was scaled using students from the countries that
participated in both 1995 and 1999. Then students from the countries that
tested in 1999 but not 1995 were assigned scores on the basis of the scale.

At the eighth grade, TIMSS developed the 2003 scale in the same
way as in 1999, preserving the metric first with students from countries that
participated in both 1999 and 2003, and then assigning scores on the basis of
the scale to students tested in 2003 but not the earlier assessment. At fourth
grade, because there was no assessment in 1999, the 2003 and 1995 data
were linked directly together using students from countries that participated
in both assessments, and the students tested in 2003 but not 1995 were
assigned scores on the basis of the scale.

In addition to the scales for mathematics and science overall, TIMSS
created IRT scales for each of the mathematics and science content domains
for the 2003 data. These included number, algebra, measurement, geometry,
and data in mathematics; and life science, chemistry, physics, earth science,
and environmental science in science.? However, insufficient common items
were used in 1995 and 1999 to establish reliable IRT content area scales for
trend purposes.

1.15 Data Analysis and Reporting

The TIMSS 2003 International Mathematics Report (Mullis, Martin, Gonzalez,
and Chrostowski, 2004) and the TIMSS 2003 International Science Report
(Martin, Mullis, Gonzalez, and Chrostowski, 2004) summarize fourth- and
eighth- grade students” mathematics and science achievement, respectively,
in each participating country. The reports present trend results from 1995 and
1999 at the eighth grade, as well as from 1995 for the fourth grade. Average
achievement is reported separately for girls and for boys.

To provide additional information about mathematics and science
achievement among high- and low-achieving students, TIMSS reported the
percentage of students in each country performing at each of four interna-
tional benchmarks of student achievement. Selected to represent the range
of performance shown by students internationally, the advanced benchmark
was 625, the high benchmark was 550, the intermediate benchmark was 475,

2 At the fourth grade, scales were constructed only for life science, physical science, and earth science.
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and the low benchmark was 400. Although the fourth- and eighth-grade
scales are different, the same benchmark points were used at both grades. To
enhance this reporting approach, TIMSS conducted a scale anchoring analysis
to describe achievement of students at those four points on the scales. Scale
anchoring is a way of describing students’ performance at different points on a
scale in terms of what they know and can do. It involves a statistical compo-
nent, in which items that discriminate between successive points on the scale
are identified, and a judgmental component, in which subject-matter experts
examine the items and generalize to students” knowledge and understand-
ings. Complementing this approach further, the TIMSS 2003 International
Reports present examples of mathematics and science items that anchor at
each of the benchmarks, and display student performance in each country
on the example items.

TIMSS 2003 collected a wide array of information about the homes,
schools, classrooms, and teachers of the participating students, as well as about
the mathematics and science curriculum in each country. The TIMSS 2003
International Reports summarize much of this information, combining data
into composite indices showing an association with achievement where
appropriate. In particular, student mathematics and science achievement is
described in relation to characteristics of the home, curriculum coverage,
classroom instruction, and school environment.

Because the statistics presented in the international reports are esti-
mates of national performance based on samples of students, rather than
the values that could be calculated if every student in every country had
answered every question, it is important to have measures of the degree of
uncertainty of the estimates. The jackknife procedure was used to estimate
the standard error associated with each statistic presented in this report.
The jackknife standard errors also include an error component due to varia-
tion among the five plausible values generated for each student. The use of
confidence intervals, based on the standard errors, provides a way to make
inferences about the population means and proportions in a manner that
reflects the uncertainty associated with the sample estimates. An estimated
sample statistic plus or minus two standard errors represents a 95 percent
confidence interval for the corresponding population result.
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Chapter 2

Developing the TIMSS 2003
Mathematics and Science
Assessment and Scoring Guides

Teresa Smith Neidorf and Robert Garden

2.1 Overview

The development of the TIMSS 2003 mathematics and science assessment was
a collaborative process spanning a two-and-a-half-year period, from Septem-
ber 2000 to March 2003, and involving mathematics and science educators
and development specialists from all over the world. The work began with a
major updating and revision of the existing TIMSS assessment frameworks to
address changes during the last decade in curricula and the way mathematics
and science are taught (Mullis, Martin, Smith, Garden, Gregory, Gonzalez,
Chrostowski, & O’Connor, 2003). The assessment development work was
based firmly on the new assessment frameworks and specifications.

Meeting the specifications of the TIMSS 2003 assessment frameworks
required a large number of new mathematics and science items to be devel-
oped at both fourth and eighth grades. With support and training from the
TIMSS International Study Center, National Research Coordinators (NRCs),
from participating countries contributed a large pool of items for review and
field testing. The International Study Center established two task forces, one
in mathematics and one in science,! to manage the item development process.
To help review, select, and revise items for the assessment and to ensure
their mathematical and scientific accuracy, the International Study Center
convened the Science and Mathematics Item Review Committee (SMIRC),
an international committee of prominent mathematics and science experts

1 The mathematics task force consisted of Robert Garden, TIMSS Mathematics Coordinator, Chancey Jones of Educational Testing Service in the United States,
and Graham Ruddock of the National Foundation for Educational Research in England. The science task force consisted of Teresa Smith Neidorf, TIMSS Science
Coordinator, Christine O'Sullivan, formerly the Science Coordinator for the U.S. National Assessment for Educational Progress (NAEP), and Svein Lie, University
of Oslo, formerly the chair of the TIMSS 1995 Subject Matter Advisory Committee.
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nominated by participating countries and representing a range of nations
and cultures.?

Since the test items were developed in English and translated into
34 languages by the participating countries, both the SMIRC and NRCs
were important in identifying any items that might prove difficult to trans-
late consistently.

To ensure that TIMSS 2003 reflects an international perspective, both
the framework and test development procedures included substantial contri-
butions from the international community. Exhibit 2.1 provides an overview
of the process. This chapter describes the steps taken in developing the TIMSS
2003 mathematics and science assessment, with sections covering frame-
works development, the mathematics and science assessment specifications,
development of mathematics and science items and scoring guides, and the
assessment booklet design.

2.2 Developing the TIMSS 2003 Assessment Frameworks

For the TIMSS 2003 assessment, the curriculum frameworks used as the basis
for the 1995 and 1999 TIMSS assessments (Robitaille, McKnight, Schmidt,
Britton, Raizen, & Nicol, 1993) were extensively revised and updated. This
effort was conducted by the TIMSS International Study Center at Boston
College in collaboration with the National Research Coordinators of the
TIMSS countries and with guidance from an international Expert Panel.
The Expert Panel was made up of 29 internationally recognized experts and
included mathematicians and scientists, curriculum experts, and educational
practitioners, researchers, and assessment specialists.?

The framework development process took approximately one year,
beginning in September 2000. Work to update the frameworks began with
a review of the TIMSS 1999 curriculum data to identify mathematics and
science topics emphasized in the curricula of the TIMSS countries. In addition,
a survey of NRCs of more than 20 countries planning to participate in TIMSS
2003, administered in September 2000, provided recommendations for the
percentage of the TIMSS 2003 assessment to be devoted to each mathematics
and science content area at fourth and eighth grades and to identify any cur-
riculum areas that should receive greater or less emphasis than in the TIMSS
1999 assessment. The TIMSS International Study Center used the results of
the review and survey to prepare initial framework discussion documents for
the First Expert Panel Meeting.

2 See Appendix A for a list of the members of the Science and Mathematics [tem Review Committee.

3 SeeAppendix A for a list of the members of the Expert Panel.
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Exhibit 2.1 Overview of the TIMSS 2003 Framework and Test Development Process

Date(s) Group and Activity

September 2000  National Research Coordinators

Complete preliminary survey on recommended coverage of mathematics and
science content in the TIMSS 2003 assessment.

September — October 2000  TIMSS International Study Center

Review results from TIMSS 1999 curriculum questionnaires and TIMSS 2003
NRC survey; prepare initial framework discussion documents for First Expert
Panel Meeting.

November 2000  First Expert Panel Meeting (Boston)

Make recommendations for coverage of major content and cognitive
domains, updated assessment topics within content areas, and initial draft
of TIMSS mathematics and science assessment frameworks.

December 2000  TIMSS International Study Center

Develop detailed specifications for assessment topics at fourth and eighth
grades and prepare first draft of TIMSS assessment frameworks.

February 2001 First National Research Coordinators Meeting (Hamburg)
Review first draft of TIMSS assessment frameworks.
March — April 2001  National Research Coordinators
Complete survey of Mathematics and Science Curriculum Topics.
April — May 2001 TIMSS International Study Center

Compile TIMSS 2003 Mathematics and Science Curriculum Topics survey
results and prepare second draft of frameworks.

May 2001  Second Expert Panel Meeting (Amsterdam)

Review and approve second draft of TIMSS 2003 Assessment Frameworks
incorporating revisions from the first NRC meeting and results of mathemat-
ics and science frameworks topic survey completed by National Research
Coordinators; generate preliminary ideas for problem-solving and inquiry
tasks.

June 2001  Second National Research Coordinators Meeting (Montreal)
Review and approve final draft of TIMSS 2003 Assessment Framework.
TIMSS Item-Writing Workshop

June — July 2001 National Research Coordinators
Develop and submit items to the International Study Center.

August — September 2001 Mathematics and Science Task Forces

Assemble, review and revise international item pool; develop additional
items to cover framework.

September 2001 TIMSS International Study Center
Publish first edition of the TIMSS Assessment Frameworks and Specifications
2003.

September 2001  First Science and Mathematics Item Review Committee Meeting (Boston)

Review/refine international item pool; generate prototype ideas for prob-
lem-solving and inquiry tasks.
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Exhibit 2.1 Overview of the TIMSS 2003 Framework and Test Development Process
(...Continued)

Date(s)
October

October — December

December

December — January

January — February

February — April

March

April

April - June

June — July

July

August

September

September — October

October — December

November

2001

2001

2001

2002

2002

2002

2002

2002

2002
2002

2002

2002

2002

2002

2002

2002

Group and Activity
Second Science and Mathematics Item Review Committee Meeting (Portsmouth)

Review, revise and select preferred and alternate items for field test; develop
problem-solving and inquiry tasks.

Mathematics and Science Task Forces
Assemble draft field test item blocks and problem-solving and inquiry tasks.
Third National Research Coordinators Meeting (Madrid)

Review and approve field test item blocks and problem-solving and inquiry
tasks.

TIMSS International Study Center

Conduct teacher review of problem-solving and inquiry tasks; incorporate final
revisions to items and tasks based on NRC and teacher reviews.

TIMSS International Study Center

Conduct small-scale item trial of constructed-response items and problem-
solving and inquiry tasks; distribute field test instruments; update scoring
guides; prepare field test scoring training materials.

National Research Coordinators: Translate field test instruments.

IEA: Verify field test translations.

Fourth National Research Coordinators Meeting (Ghent)

Field test scoring training

U.S. National Center for Education Statistics

Cognitive Laboratory Investigation of Problem-Solving and Inquiry Tasks
Field test administration

TIMSS International Study Center

Review field test item statistics; revise problem-solving and inquiry tasks;
assemble draft main survey item blocks.

Third Science and Mathematics Item Review Committee Meeting (Oslo)

Review field test results and draft item blocks and scoring guides for main
survey.

Fifth National Research Coordinators Meeting (Tunis)
Review and approve item blocks and scoring guides for main survey.
TIMSS International Study Center

Conduct small-scale trial of final problem-solving and inquiry tasks; distribute
main survey instruments; update main survey scoring guides; prepare main
survey scoring training materials.

National Research Coordinators (southern hemisphere): Translate main survey
test instruments.

IEA: Verify main survey translations for southern hemisphere countries.

Main survey administration in southern hemisphere countries

Southern hemisphere scoring training for the main survey (Wellington)
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Exhibit 2.1 Overview of the TIMSS 2003 Framework and Test Development Process
(...Continued)

Date(s) Group and Activity

December 2002  TIMSS International Study Center

Update TIMSS Assessment Frameworks and Specifications document to
include example items and from the field test and a revised test booklet
design; distribute final version of main survey scoring guides.

December — March 2003  National Research Coordinators (northern hemisphere): Translate main survey
test instruments.

IEA: Verify main survey translations.

February 2003  Publish second edition of the TIMSS Assessment Frameworks and
Specifications 2003.
March 2003  Sixth National Research Coordinators Meeting (Bucharest)

Northern hemisphere scoring training for the main survey

March — June 2003 Main survey administration in northern hemisphere countries

At its first meeting, in November 2000, the Expert Panel made rec-
ommendations concerning how the assessment time in TIMSS 2003 should
be distributed across the mathematics and science content areas at each
grade level; made suggestions for the major assessment topics that should be
included; and discussed calculator usage and the inclusion of scientific inquiry
in the 2003 assessment. They also discussed how the “performance expecta-
tions” aspect of the original frameworks might be reformulated as a set of
broadly-defined cognitive domains for mathematics and science. Maintaining
alignment of the TIMSS 2003 content domains with the reporting categories
in TIMSS 1995 and 1999 and the measurement of trend were important con-
siderations. Following the meeting, the International Study Center prepared a
first draft of the mathematics and science assessment frameworks incorporat-
ing the recommendations of the Expert Panel for review by the NRCs.

The first draft of the frameworks contained initial recommendations
for the distribution of the assessment across content and cognitive domains
and specific assessment objectives for a broad range of mathematics and
science topics at the fourth and eighth grade. The draft frameworks docu-
ment was reviewed and discussed at the first meeting of TIMSS 2003 National
Research Coordinators in February 2001, with representatives from more
than 40 countries. Some adjustments to the distributions of assessment time
across content and cognitive domains were made in response to NRC sugges-
tions. NRCs also gave input on the appropriateness of the assessment topics
for the populations of students being assessed.
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Following the meeting, four extensive assessment topic questionnaires
(mathematics and science at fourth and eighth grades) were distributed to
each NRC to be completed with the assistance of experts in mathematics
and science curriculum in each country. The questionnaires asked countries
to indicate for every mathematics and science assessment topic in the draft
frameworks: i) if the topic is addressed by their curriculum at the appropriate
grade level, and ii) whether the topic should be included in the TIMSS 2003
international assessment (even if the topic has not been included in their
curriculum by that grade level). Results were obtained from 36 countries and
were used to refine the set of topics in the frameworks, focusing on those
that were included in the curricula or recommended for inclusion in TIMSS
by a significant number of participating countries. In the retained set, nearly
all topics were included in the curricula of the majority of countries, and for
many topics in more than 90 percent of countries.

A second draft of the frameworks document, incorporating the results
of the NRC survey, was further refined and improved at the Second Expert
Panel Meeting in May 2001. In July 2001, the International Study Center dis-
tributed a third draft of the frameworks to the Expert Panel members and the
NRCs for review. Comments and suggestions on this draft were incorporated
into the final version, TIMSS Assessment Frameworks and Specifications 2003 (Mullis
etal., 2001), published September 2001. A second edition of the frameworks,
incorporating example mathematics and science items from the field test and a
revised test booklet design, was published in February 2003 (Mullis et al., 2003).
During the process of updating the TIMSS assessment frameworks for 2003,
the expert panelists and national representatives reaffirmed the importance
of emphasizing problem solving, reasoning and inquiry in the outcomes to be
assessed, and this is reflected in the final version of the frameworks.

2.3 Mathematics Assessment Framework and Specifications

The mathematics assessment framework for TIMSS 2003 is framed by two
organizing dimensions, a content dimension and a cognitive dimension, anal-
ogous to those used in the earlier TIMSS assessments. There are five content
domains: number, algebra, measurement, geometry, and data. There are four
cognitive domains: knowing facts and procedures, using concepts, solving
routine problems, and reasoning. The two dimensions and their domains are
the foundation of the mathematics assessment. The content domains define
the specific mathematics subject matter covered by the assessment, and the
cognitive domains define the sets of behaviors expected of students as they
engage with the mathematics content. Exhibit 2.2 shows the target percent-
ages of the total mathematics assessment time to be devoted to each of the
content and cognitive domains at fourth and eighth grades.
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Exhibit 2.2  Target Percentages of TIMSS 2003 Mathematics Assessment Devoted to
Content and Cognitive Domains by Grade Level

Grade 4 Grade 8

Mathematics Content Domains

Number 40% 30%
Algebra*® 15% 25%
Measurement 20% 15%
Geometry 15% 15%
Data 10% 15%

Mathematics Cognitive Domains

Knowing Facts and Procedures 20% 15%
Using Concepts 20% 20%
Solving Routine Problems 40% 40%
Reasoning 20% 25%

* At fourth grade, the algebra content domain is called patterns and relationships.

2.3.1 Content Domains

For each of the five content domains, the mathematics framework identifies
several topic areas to be included in the assessment, as shown in Exhibit 2.3.
For example, number is further categorized by whole numbers, fractions and
decimals, integers, and ratio, proportion, and percent. Each topic area is presented
as a list of objectives covered in a majority of participating countries, at either
fourth or eighth grade. The organization of topics across the content domains
reflects some minor revision in the reporting categories used in the 1995 and
1999 assessments. However, each of the trend items from 1995 and 1999 may
be mapped directly into the content domains defined for 2003.

2.3.2 Cognitive Domains

To respond correctly to TIMSS test items, students need to be familiar with
the mathematics content of the items. Just as important, however, items were
designed to elicit the use of particular cognitive skills. The assessment frame-
work presents detailed descriptions of the skills and abilities that make up the
cognitive domains and that will be assessed in conjunction with the content.
These skills and abilities should play a central role in developing items and
achieving a balance in learning outcomes assessed by then items in fourth
and eighth grades. The student behaviors used to define the mathematics
framework have been classified into four cognitive domains, as follows:
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Exhibit 2.3  Main Topics Included in the Mathematics Content Domains

Content Domains Main Topics

Whole numbers

Fractions and decimals

Number
Integers (grade 8 only)
Ratio, proportion, and percent
Patterns
Algebraic expressions (grade 8 only)
Algebra )
Equations and formulas
Relationships
Attributes and units
Measurement .
Tools, techniques, and formulas
Lines and angles
Two- and three-dimensional shapes
Geometry Congruence and similarity
Locations and spatial relationships
Symmetry and transformations
Data collection and organization
Data representation
Data

Data interpretation

Uncertainty and probability (grade 8 only)

Knowing Facts and Procedures: Facts encompass the factual knowledge
that provide the basic language of mathematics and the essential mathemati-
cal facts and properties that form the foundation for mathematical thought.
Procedures form a bridge between more basic knowledge and the use of math-
ematics for solving routine problems, especially those encountered by people
in their daily lives. Students need to be efficient and accurate in using a
variety of computational procedures and tools.

Using Concepts: Familiarity with mathematical concepts is essential for the
effective use of mathematics for problem solving, for reasoning, and thus for
developing mathematical understanding. Knowledge of concepts enables stu-
dents to make connections between elements of knowledge, make extensions
beyond their existing knowledge, and create mathematical representations.

Solving Routine Problems: Problem solving is a central aim of teaching
school mathematics and features prominently in school mathematics text-
books. Routine problems may be standard in classroom exercises designed to
provide practice in particular methods or techniques. Some of these problems
may be set in a quasi-real context, and may involve extended knowledge of
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mathematical properties (e.g., solving equations). Though they range in dif-
ficulty, routine problems are expected to be sufficiently familiar to students
that they essentially involve selecting and applying learned procedures.

Reasoning: Mathematical reasoning involves the capacity for logical, system-
atic thinking. It includes intuitive and inductive reasoning based on patterns
and regularities that can be used to arrive at solutions to non-routine prob-
lems, i.e., problems very likely to be unfamiliar to students. Such problems
may be purely mathematical or may have real-life settings, and involve appli-
cation of knowledge and skills to new situations, with interactions among
reasoning skills usually a feature.

Examples of the behaviors associated with each of the cognitive
domains may be found in Mullis et al. (2003).

2.3.3 Communicating Mathematically

Communicating mathematical ideas and processes is important for many
aspects of living and fundamental to the teaching and learning of mathemat-
ics. In the TIMSS framework, communication is not a separate cognitive
domain but rather an overarching dimension across all mathematics content
areas and processes. Communication is fundamental to each of the four
TIMSS cognitive domains (knowing facts and procedures, using concepts, solving
routine problems, and reasoning), and students’ communication in and about
mathematics should be regarded as assessable in each of these areas. Students
in TIMSS may demonstrate communication skills through description and
explanation, such as describing or discussing a mathematical object, concept,
or model. Communication also occurs in using mathematical terminology
and notation, demonstrating the procedure used in solving an equation, or
using particular representational modes to present mathematical ideas.

2.3.4 Calculator Policy

The TIMSS policy on calculator use at the eighth grade is to give students the
best opportunity to operate in settings that mirror their classroom experi-
ence. Beginning with 2003, calculators were permitted but not required for
newly-developed eighth-grade assessment materials. Participating countries
could decide whether or not their students were allowed to use calculators
for the new items. Since calculators were not permitted at the eighth grade
in the 1995 or 1999 assessments, the 2003 eighth-grade test booklets were
designed so that items from these assessments were placed in the first half
and items new in 2003 placed in the second half. Where countries chose to
permit eighth-grade students to use calculators, they could use them for the
second half of the booklet only. For the fourth-grade assessment, TIMSS 2003
continued the 1995 policy of not permitting calculator use.
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2.4 Science Assessment Framework and Specifications

The science assessment framework for TIMSS 2003, like the mathematics
framework, is framed by two organizing dimensions, a content dimension and
a cognitive dimension. There are five content domains: life science, chem-
istry, physics, earth science, and environmental science, and three cogni-
tive domains: factual knowledge, conceptual understanding, and reasoning
and analysis. Exhibit 2.4 shows the target percentages of the total science
assessment time to be devoted to each of the science content and cognitive
domains for fourth and eighth grades. In contrast to TIMSS 1999, where a
separate reporting category of “Scientific Inquiry and the Nature of Science”
was included, the TIMSS 2003 framework treats scientific inquiry as a sepa-
rate assessment strand that overlaps all of the fields of science and has both
content- and skills-based components. Although scientific inquiry is not
treated as a separate reporting category in TIMSS 2003, the framework speci-
fies that outcomes related to scientific inquiry will represent up to 15 percent
of the total science assessment time at each grade level to permit some level of
reporting student performance in this area. Further descriptions of the assess-
ment specifications for the content domains, cognitive domains, and scientific
inquiry assessment strand are provided in the following sections.

Exhibit 2.4  Target Percentages of TIMSS 2003 Science Assessment Devoted to Content
and Cognitive Domains by Grade Level

Grade 4 Grade 8

Science Content Domains

Life Science 45% 30%
Physical Science 35% *
Chemistry * 15%
Physics * 25%
Earth Science 20% 15%
Environmental Science * 15%

Science Cognitive Domains

Factual Knowledge 40% 30%
Conceptual Understanding 35% 35%
Reasoning and Analysis 25% 35%

* At fourth grade, Physical Science included Physics and Chemistry topics. Also, a few Environmental Science topics that addressed
the use of conservation of natural resources and changes in environments were included in Earth Science and Life Science.
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2.4.1 Content Domains

For each of the science content domains, the framework identifies several main
topic areas that are to be included in the assessment as shown in Exhibit 2.5.
Most of the main topics are appropriate for both grades, but some topics are
included at the eighth grade only, as indicated. For each main topic area,
the frameworks document includes a list of specific subtopics or assessment
objectives appropriate for each grade level. This structure of the frameworks
highlights the development of knowledge and abilities across the grades.

Exhibit 2.5 Main Topics Included in the Science Content Domains

Content Domain Main Topics

Life Science Types, characteristics, and classification of living things
Structure, function, and life processes in organisms
Cells and their functions (grade 8 only)
Development and life cycles of organisms
Reproduction and heredity
Diversity, adaptation, and natural selection
Ecosystems
Human health

Classification and composition of matter

Particulate structure of matter (grade 8 only)
Chemistry Properties and uses of water

Acids and bases (grade 8 only)

Chemical change

Physical states and changes in matter
Energy types, sources and conversions
Heat and temperature
Physics Light
Sound and vibration (grade 8 only)
Electricity and magnetism
Forces and motion
Earth's structure and physical features
Earth Science Earth’s processes, cycles and history
Earth in the solar system and the universe
Changes in population (grade 8 only)
Environmental Science Use and conservation of natural resources

Changes in environments
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2.4.2 Cognitive Domains

The set of skills and abilities to be demonstrated by students in responding
to items across the science topics is organized into the three broad cognitive
domains specified in the framework — factual knowledge, conceptual under-
standing, and reasoning and analysis. The exact nature of behaviors elicited by
the TIMSS items in each of these categories varies between fourth and eighth
grade in accordance with the increased cognitive ability, maturity, instruction,
experience, and conceptual understanding of students at the higher grade
level. A brief description of each cognitive domain and the set of skills and
abilities required by TIMSS items corresponding to each are listed below.

Factual Knowledge: This refers to students” knowledge base of relevant
science facts, information, tools, and procedures. Items may require students
to recall/recognize accurate statements about science facts and concepts; dem-
onstrate knowledge/use of correct scientific terms; describe scientific pro-
cesses, properties, characteristics, structure, function, and relationships; and
demonstrate knowledge about the use of scientific tools and procedures.

Conceptual Understanding: Students should be able to demonstrate a grasp
of the relationships that explain the physical world and relate the observable
to more abstract or general concepts. Items may require students to provide
examples to illustrate general concepts; compare/contrast and classify objects,
materials and organisms; use diagrams/models; relate underlying concepts to
observed or inferred properties/behaviors; extract/apply textual, tabular or
graphical information; find solutions to problems involving the direct applica-
tion of concepts; and provide explanations.

Reasoning and Analysis: This includes problem-solving and scientific
reasoning processes involved in the more complex tasks related to science.
Items may require students to analyze/interpret problems; integrate/synthe-
size a number of factors or related concepts across mathematics and science;
hypothesize/predict; design investigations and procedures; analyze/interpret
data; draw conclusions; generalize; evaluate; and justify explanations and
problem solutions.

2.4.3 Scientific Inquiry

The scientific inquiry strand is assessed through longer problem-solving and
inquiry tasks as well as some individual items that require students to apply
scientific inquiry skills in a practical context. While not full scientific investi-
gations, the tasks are designed to require a basic understanding of the nature
of science and investigation and elicit some of the skills essential to the scien-
tific inquiry process. Tasks may include some portion of the following major
phases in the scientific inquiry process:
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e Formulating questions and hypotheses

e Designing investigations

e Collecting, representing, analyzing, and interpreting data

e Drawing conclusions and developing explanations based on evidence

The same general assessment outcomes related to scientific inquiry are
appropriate for both fourth and eighth grades, but the specific understand-
ings and abilities to be demonstrated increase in complexity across grades.
The items and tasks developed to measure scientific inquiry skills are set in
content-based contexts. These items are, therefore, classified with respect to
content and cognitive categories as well as scientific inquiry and will contrib-
ute to the appropriate content reporting scale.

2.5 Developing Mathematics and Science Items and Scoring Guides

Test development for TIMSS 2003 involved developing a set of items aligned
with the TIMSS Assessment Frameworks and Specifications in each mathematics
and science content and cognitive domain. In addition to the target percent-
ages of assessment time to be devoted to the mathematics and science content
and cognitive domains, the frameworks give guidelines for the distribution
of testing time across item formats, specifying that at least one-third of the
assessment should come from constructed-response items. Since approxi-
mately half of the eighth-grade items from TIMSS 1999 and one-third of
the fourth-grade items from TIMSS 1995 had been kept secure and were to
be included, these trend items were taken into account in allocating the test
development effort to the different assessment areas for TIMSS 2003. Item
development blueprints, specifying the approximate number of mathematics
and science items to be developed in each content area in the frameworks,
formed the basis for test development for TIMSS 2003. These blueprints were
created by:

¢ estimating the number of items needed in the final test based on the total
score points and percentage of score points in each content domain speci-
fied in the frameworks,

e distributing this number of items across the mathematics and science main
topic areas in accordance with their breadth of content,

e accounting for the number of trend items already included in each
topic area,

e ensuring coverage of the cognitive domains and appropriate numbers of
multiple-choice and constructed-response items, and

¢ scaling up the number of items to be developed to allow for attrition during
the item selection and field-testing process.
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This section describes the test development procedure, including the
consideration of trend items, development of the international item pool
including problem-solving and inquiry tasks, item review and revision, field
testing, item selection for the main survey, and the development of scoring
guides for the constructed-response items.

2.5.1 Trend Items

In developing the TIMSS 2003 test blueprints, the trend items from 1995 and
1999 were mapped into the content and cognitive categories in the new 2003
frameworks. As shown in Exhibits 2.6 and 2.7, the mathematics and science
trend items cover a range of content domains at both grades. Eighth-grade
trend items include both multiple-choice and constructed-response items,
while fourth-grade trend items are nearly all multiple-choice. Therefore, a
larger proportion of constructed-response items needed to be developed for
grade 4.

Exhibit 2.6 Mathematics Trend Items at Grade 4 and Grade 8 by Content Domain and Item Format

Grade 4 Trend Items Grade 8 Trend Items
ComentDoman M G gy time
Number 19 0 19 19 6 25
Algebra* 2 0 2 " 5 16
Measurement 8 0 8 8 8 16
Geometry 4 0 4 1 1 12
Data 4 0 4 10 0 10
Total 37 0 37 59 20 79
* Called Patterns and Relationships at Grade 4.
Exhibit 2.7 Science Trend Items at Grade 4 and Grade 8 by Content Domain and Item Format
Grade 4 Trend Items Grade 8 Trend Items
e Gl g e G g
Life Science n 1 12 12 5 17
Physical Science 9 0 9 -
Chemistry - 13 1 14
Physics - 14 8 22
Earth Science n 1 12 10 2 12
Environmental Science - 4 5 9
Total 31 2 33 53 21 74
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2.5.2 Developing the International Item Pool for TIMSS 2003

Test development for TIMSS 2003 was an international collaborative process,
involving participants from more than 30 countries. To maximize the effec-
tiveness of the contributions from national centers, the International Study
Center developed a detailed item-writing manual and conducted a work-
shop for countries that wished to provide items for the international item
pool. At this workshop, the mathematics and science task forces reviewed
general item-writing guidelines for multiple-choice and constructed-response
items and provided specific training in writing mathematics and science items
in accordance with the TIMSS Assessment Frameworks and Specifications 2003.
After the training sessions, participants were organized into item-writing
subgroups by mathematics and science content domains for the develop-
ment and review of items. Nearly 200 draft items were developed at the
item-writing workshop.

Following the workshop, national centers developed additional items
in mathematics and/or science for the fourth or eighth grade in accordance
with their interest and capacity. To maximize contributions from interna-
tional item writers and ensure adequate item development in the appropriate
mathematics and science content areas, some specifications were given by the
International Study Center to focus item development in areas not already
covered by the trend items. Draft items were submitted by the national
centers to the International Study Center, which coordinated the contribu-
tions from participating countries and managed the overall test development
and review process to ensure that the TIMSS tests were aligned with the
assessment frameworks.

Each item from the national centers was submitted with an item-
writing form that identified the portion of the framework that the item was
designed to assess — content domain, main topic and specific assessment
objective, and the primary cognitive domain. Science items also were desig-
nated as to whether or not they were intended to measure knowledge and
skills associated with the scientific inquiry strand. This development process
resulted in an initial item pool of more than 1300 items across both grades,
with contributions from 35 countries covering a broad range of mathematics
and science topics.

2.5.3 Item Review and Revision

The mathematics and science task forces assembled, reviewed, and revised the
draft items submitted by participating countries and confirmed the classifica-
tion of items with respect to the frameworks. They also developed additional
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items for areas of the frameworks not well covered by the country submis-
sions. The resultant item pool of more than 2000 items covered a wide array
of topics in the mathematics and science content domains at each grade level
and reflected the range of cognitive domains and item types specified in the
frameworks. The task forces then made a preliminary selection from among
these draft items for review by the Science and Mathematics Item Review
Committee (SMIRC).

The SMIRC conducted its initial item review work in two meetings,
the first in September and the second in October 2001. Working from test
development blueprints identifying the number of items needed in each
content domain, the SMIRC made much progress in choosing among alter-
native items, refining the most promising items, and supplementing this set
of items in content areas lacking coverage.

Between the second SMIRC meeting and the third NRC meeting in
December 2001, the mathematics and science task forces continued the work
of developing, reviewing and revising the items for the field test. The draft
field test items were organized into a set of “preferred” and “alternate” item
blocks based on input from the SMIRC (see section 2.5.5). At the third NRC
meeting, the “preferred” item blocks were reviewed in plenary with all NRCs.
The “alternate” item blocks were made available for review in separate review
sessions, and NRCs provided feedback on these items in comment sheets.
Both “preferred” and “alternate” items were subsequently revised in line
with suggestions received from NRCs. In general, the items for the field test
were well received, and NRCs were satisfied that the items consituted a very
satisfactory field test item pool.

2.5.4 Developing the Problem-Solving and Inquiry Tasks

To address the importance placed in the frameworks on the assessment of
problem-solving, reasoning and scientific inquiry, a set of tasks were devel-
oped to assess how well students can draw on and integrate a variety of
processes and understandings in mathematics and science to conduct inves-
tigations and solve problems. At the first NRC meeting, it was decided that
from an operational perspective, it was important that the tasks developed for
TIMSS 2003 be less demanding to administer than the performance assess-
ment conducted in TIMSS 1995. Specifically, the tasks needed to be self-
contained, involve minimal equipment, and be integrated into the main test
administration without any special accommodations or additional testing ses-
sions. Thus, a major challenge for TIMSS 2003 was to develop a set of relevant
problem-solving and inquiry tasks that would satisfy the requirements set
forth by the Expert Panel and the national representatives.
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The development of tasks was an evolutionary process, starting with a
“brainstorming” session of international mathematics and science experts at
the second Expert Panel meeting in May 2001. The expert panel developed a
number of innovative prototype ideas for investigative or “real-world” tasks,
many of which integrated ideas across mathematics and science. At the TIMSS
item-writing workshop for participating countries, the approach to develop-
ing problem-solving and inquiry tasks was discussed, and some ideas were
submitted by national centers as part of the international item development
process. Much of the development for the problem-solving and inquiry tasks
occurred at meetings of the Science and Mathematics Item Review Commit-
tee. At the first SMIRC meeting in September 2001, the initial set of ideas for
tasks put forth by the Expert Panel and submitted from national centers were
discussed for their appropriateness and feasibility, and considerable progress
was made in drafting tasks using these ideas as a starting point. The ISC staff
and a subset of SMIRC members further refined the initial drafts in the fol-
lowing few weeks, and these first drafts were presented to the full SMIRC at
their second meeting in October 2001. The drafts were reviewed, and a subset
was selected and substantially elaborated, at the second SMIRC meeting.
Additional tasks were developed to ensure that the set of tasks covered a
range of content areas in mathematics and science.

Following the second meeting of the SMIRC, ISC staff and the math-
ematics and science task force members continued to work on the tasks
and prepare them for the presentation and review of field test materials at
the second NRC meeting. A number of modifications recommended by the
NRCs were incorporated following the meeting. It was suggested at the NRC
meeting that the accessibility, reading level, and appropriateness of content
and terminology for fourth- and eighth-grade students be further evaluated,
particularly for the science tasks. To address this concern, the ISC recruited
two experienced fourth-grade and eighth-grade science teachers in the Boston
area to review the revised science tasks. The feedback from the teachers was
very positive overall, indicating that most of the content was now grade
appropriate and the tasks were interesting and engaging. After some revisions
in layout, content, and language based on the results of the teacher review,
a small-scale item pilot of the problem-solving and inquiry tasks and other
constructed-response items was conducted in February 2002 in seven coun-
tries that tested in English. This pilot yielded a total of approximately 4500
student responses at each grade level, with 30 to 40 responses to each task.
The results of this international pilot provided valuable information about
how the tasks functioned internationally and were used primarily to refine
the scoring guides and obtain student responses for use in preparing scoring
training materials for the field test.
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A total of 19 tasks (9 at fourth grade and 10 at eighth grade) were
selected for the field test. Each task included a series of related test items,
mostly constructed-response, that were linked by a common theme and
involved an investigation or extended problem-solving situation. Some of
the mathematics tasks involved manipulatives such as cardboard rulers or
geometric tiles; no equipment or manipulatives were required for the science
tasks. Although some of the initial ideas for science tasks involved the use of
equipment, during further development stages it was decided that the type
of equipment required was not feasible in the test administration setting.
Each of the tasks in the field test was designed to take up to 12 minutes at
the fourth grade and up to 15 minutes at the eighth grade, the length of one
assessment block (see section 2.6.1 on booklet/block design). Exhibits 2.8
and 2.9 describe the problem-solving and inquiry tasks selected for the field
test and the main content covered in each for the fourth grade and eighth
grade, respectively.

Results from the international field test (section 2.5.5) were used to
select the problem-solving and inquiry tasks that performed best internation-
ally for the main survey. In addition, a cognitive laboratory investigation of
the field-test version of the problem-solving and inquiry tasks was conducted
by the United States National Center for Education Statistics. This involved
working with a small group of students to probe their understanding of the
demands of the tasks and to uncover any conceptual difficulties encountered
in them. The results of the international field test as well as the experiences
from the cognitive laboratory investigation were used to inform the selection
process and to make revisions to improve the clarity of directions, layout,
reading level, use of manipulatives, and scoring guides for the main survey.
In general, the problem-solving and inquiry tasks selected for the main survey
were shortened from the field test version. In some cases, an entire task or
large portions of a task were selected. In other cases, individual items within
tasks were selected and adapted to function as stand-alone items. As shown
in Exhibit 2.10, a total of 13 problem-solving and inquiry tasks were selected
for the main survey (6 at fourth grade and 7 at eighth grade).
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Problem-Solving and Inquiry Tasks Selected for the Field Test — Grade 4

Name of Task

Geometry Tiles

Number Tiles

Trading Cards

Reversible Numbers

Map It!

Oceans and Tidepools

Garden

Patterns on Earth

Light and Color

Description
Mathematics Tasks

Students are given three types of square tiles (black, white, and triangle tiles half black
and half white) that can be placed together to form patterns. Students create two-
dimensional shapes; compute fraction of pattern that is black; create patterns satisfying
given conditions.

Students are given number tiles marked from 0 to 9 that can be used to create addition,
subtraction and multiplication problems. By choosing the place value of the numbers
(units or tens), students combine their tiles to create problems that give a total closest
to a given number, and to create the largest possible answer.

Three types of trading cards can be exchanged according to equivalency rules. Students
compute how many cards they would get if they trade n cards of a certain type by
another type of cards; explain how to maximize the number of cards they could get by
trading; and infer conversion rules.

Presents examples of reversible numbers (e.g., 66, 121, 3003) and a general rule to
make reversible numbers starting from two-digit numbers. Students provide examples
of reversible numbers meeting certain conditions; create reversible numbers following
one- or two-step rules; justify why reversible numbers cannot have three different dig-
its; evaluate rules to create reversible numbers.

Students are shown maps drawn to scale indicating several locations. Using a card-
board ruler, students measure distance in centimetres between towns; estimate dis-
tance in kilometres; infer which towns are closer; compute time required to travel from
one town to another; mark new plausible locations in the map so that they satisfy given
conditions.

Science Tasks

Presents textual and graphical information about the oceans and tidepools and a
series of exploratory questions involving food chains, features of organisms, and ocean
resources; students make predictions, provide explanations; select set-ups to investi-
gate the effect of salt level on seaweed.

Presents a practical situation involving a plan for a garden and a series of questions
about plant growth and dispersal, light conditions, and importance/control of insects;
students make predictions; provide explanations; interpret diagram; extract tabular
information; relate position of sun and light conditions to complete table of plants in
each area.

Presents historical information about measuring time using observed patterns (phases
of the moon, daily cycle of the sun, appearance of shadows, periodic motion of pen-

dulums); students evaluate graphical representations; complete diagrams; extend and
relate patterns to time measurements; relate periodic motion of a pendulum to gravity.

Presents a practical situation involving an investigation of the effect of the light source
on the color of materials; students describe and interpret results of the investigation;
draw conclusions; make predictions and generalize results to new situations; compare
with situations where color changes are due to changes in materials.
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Exhibit 2.9

Problem-Solving and Inquiry Tasks Selected for the Field Test — Grade 8

Name of Task

Geometry Tiling

Class Trip

Red and Black

Tiles

Phone Plans

Bird House

Number Triangles

Oceans

Galapagos Islands

Metal Crown

Light Filters

Description
Mathematics Tasks

Provides four identical geometry tiles and several grids showing how tiles can be
placed to form patterns. Students place tiles on a grid to make a pattern symmetrical
about a given line; extend geometric patterns using symbols to represent the position
of the tiles; and create whole new symmetrical patterns using symbols.

Students are given a map, bus timetables, trip rates per student, and a series of condi-
tions that must be met in planning a class trip. Students estimate distances; compute
costs for different trip options; evaluate if conditions can be met; decide upon which
trip to make; and justify their choice.

Presents red and black tiles that can be combined to form square shapes with a given
pattern but having different sizes. Students extend numeric and geometric patterns;
identify number of tiles of each type required to form a shape of a given size; and infer
the general algebraic expression to find out the number of tiles needed for any shape.

Presents two telephone payment plans involving fixed and variable costs. Students
read and interpret data from a table to decide which plan would be cheapest under a
range of conditions and justify their selection of a plan.

Students are given plans for making a wooden birdhouse. Working from the scale
drawings in the plans, and using a ruler, students determine the actual size of the
wood pieces required to build the birdhouse. They also infer the size of a missing
piece, and draw it.

Presents number triangles with some numbers missing, and an adding rule to combine
the existing numbers to determine the missing numbers. Students determine how to
create different combinations of odd and even numbers, and how to get positive and
negative integers; they also identify ranges of values that satisfy given conditions.

Science Tasks

Presents textual and graphical information about the oceans and a series of explor-
atory questions involving food webs, adaptations of organisms, resources, and human
exploration using sonar technology; students make predictions; provide explanations;
interpret graphical information; describe procedures.

Presents textual and graphical information about the Galapagos Islands and a series
of exploratory questions involving formation, arrival of organisms, impact of humans,
adaptations and competition among species; students make predictions; interpret
graphical data; draw conclusions; provide explanations.

Presents an investigation of a crown of unknown composition; students predict
observable properties; describe a procedure to determine volume and density; evalu-
ate results from repeated measures; draw conclusion by comparing measurements to
density/cost data for various metals.

Presents practical situations involving color change due to the light source or to

changes in materials; students interpret and explain results of an investigation of the
effect of light sources/filters on color; apply knowledge of chemical change to a new
situation (dye fade); design an investigation of the effect of light source on dye fade.
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Exhibit 2.10 Problem-Solving and Inquiry Tasks Selected for the Main Survey at Grade 4 and Grade 8

Grade 4 Grade 8
Name of Task Content Domains* Name of Task Content Domains*

Mathematics Tasks

Geometry Tiles

Number Tiles

Trading Cards

Marytown

(portions of origi-

nal Map It task)

Garden

Light and Color

Geometry (2)
Number (4)

Number (7)

Number (6)

Measurement (3)

Life Science (7)
Earth Science (1)

Physical Science (7)

Geometry Tiling

Class Trip

Red and Black Tiles

Phone Plans

Science Tasks

Life in the Oceans
(portions of original
Oceans task)

Galapagos Islands

Geometry (4)
Algebra (1)
Measurement (2)
Number (2)

Data (6)

Algebra (8)

Data (6)

Life Science (7)

Life Science (7)

Metal Crown Physics (4)

Chemistry (3)

* The number of score points in each content domain is indicated in parentheses. The tasks range from three to ten score points.

2.5.5 Field Test

To evaluate the international performance of the new items developed for
TIMSS 2003, a full-scale field test was conducted at both the fourth and
eighth grades during the period April to June 2002. In total, 41 countries
participated in the eighth-grade field test and 20 countries in the fourth grade.
The field test in each country was administered to a random sample of a
minimum of 25 schools, with two classrooms per school. To ensure that an
adequate number of items were available for selection, substantially more
items were field tested (1-1/2 to 2 times) than were needed in the assessment,
particularly constructed-response items and items in content areas not already
covered by trend items from 1995 and 1999.

Including the problem-solving and inquiry tasks, a total of 435 items
were included in the fourth-grade field test, 229 in mathematics and 206 in
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science. At the eighth grade, a total of 386 items were included in the field
test, 190 in mathematics and 196 in science. Since some constructed-response
items contribute two score points, this corresponds to a total number of score
points of 242 in mathematics and 248 in science at the fourth grade, and 211
in mathematics and 239 in science at the eighth grade.

2.5.6 Item Selection for the Main Survey

International item analysis of the results from the field test was used to inform
the review and selection of items and tasks for the main survey. Data alma-
nacs were produced containing basic item statistics for each country and
internationally to evaluate the item difficulty, how well items discriminated
between high-and low-performing students, the effectiveness of distracters
in multiple-choice items, scoring reliability for constructed-response items,
the frequency of occurrence of diagnostic codes used in the scoring guides,
and whether there were any biases towards or against individual countries
or in favor of boys or girls.

The TIMSS International Study Center conducted an initial review
of the field-test results in early July 2002, using data from 36 countries at
the eighth grade and 19 countries at the fourth grade that were available for
analysis at that time. This review included NRC input from field test survey
activities reports, feedback on items and scoring guides, and translation verifi-
cation reports to identify any items with translation or cultural issues affecting
international item performance. On the basis of this review, the mathematics
and science coordinators identified the set of test items they felt would be
most appropriate for use in the assessment, taking into account individual
item statistics as well as alignment with the frameworks. Draft blocks of items
for the assessment were then assembled for review by the Science and Math-
ematics Item Review Committee.

At its third meeting on July 15 - 18, 2002, the SMIRC reviewed the
proposed item blocks, examining the field test item statistics to identify any
anomalies. Items that did not work well were replaced with alternate items
from the same content area. The problem-solving and inquiry tasks received
particular attention and improvements were made where necessary. Revi-
sions to items included improving graphics and item layout, clarifying stems,
and revising distracters selected by very low percentages of students. In a few
instances, item format was changed from multiple-choice to constructed-
response or vice-versa. The final set of items selected was chosen to provide an
appropriate balance in content coverage, level of difficulty, and item types.
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Based on the recommendations of the SMIRC, the International
Study Center prepared draft instruments for the assessment to be reviewed
by the National Research Coordinators at their fifth meeting in August 2002.
The draft instruments were well received and widely discussed by NRCs,
who recommended a number of additional improvements that were incor-
porated into the final instruments distributed in September 2002. A total
of 243 new items at the fourth grade and 230 items at the eighth grade
were selected for the main survey. Including both trend and new items, the
final tests include 313 items at the fourth grade and 383 items at the eighth
grade. Exhibits 2.11 and 2.12 show the distribution of new and trend items
in the main survey by subject and item format for fourth and eighth grades,
respectively, and reflect the individual items and all item subparts included
in multi-part items and problem-solving and inquiry tasks. Between 40 and
50 percent of the total score points are contributed by constructed-response
items at both grades, which exceeds the minimum proportion of one-third
specified in the frameworks.

Exhibit 2.11 Distribution of New and Trend Items in the TIMSS 2003 Main Survey by Subject and Item
Format - Grade 4

Number of Items

Item Format New Items Trend Items (NewT(:-t?Irend) TotPa:)Iiz::re P:;;f:;aoﬁztzf
Mathematics Items
Multiple Choice 55 37 92 92 54%
Constructed Response 69 0 69 71 46%
Total Mathematics Items 124 37 161 169
Science Items
Multiple Choice 60 31 91 91 54%
Constructed Response 59 2 61 77 46%
Total Science Items 119 33 152 168
All Items

Multiple Choice 115 68 183 183 54%
Constructed Response 128 2 130 154 46%
Total Items 243 70 313 337
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Exhibit 2.12 Distribution of New and Trend Items in the TIMSS 2003 Main Survey by Subject and Item Format
- Grade 8

Item Format

Multiple Choice
Constructed Response

Total Mathematics Items

Multiple Choice
Constructed Response

Total Science Items

Multiple Choice
Constructed Response

Total Items

Number of Items

Newltems  Trendttems (T Clome . score pomte
Mathematics Items

69 59 128 128 60%

46 20 66 87 40%
115 79 194 215

Science Items

56 53 109 109 52%

59 21 80 102 48%
115 74 189 211

All Items

125 112 237 237 56%

105 41 146 189 44%
230 153 383 426

2.5.7 Scoring of Constructed-Response Items

In the TIMSS 2003 assessment, constructed-response items made up more
than 40 percent of the total assessment time, and a large number of con-
structed-response items were developed and field tested. Scoring guide devel-
opment for the constructed-response items was a considerable effort and an
integral part of the test development process for TIMSS 2003. This section
describes the TIMSS general scoring method, the scoring guide development
process, and the scoring training materials and procedures.

2.5.7.1 The TIMSS General Scoring Method

TIMSS 2003 used the same approach to scoring as the previous TIMSS assess-
ments. As in TIMSS 1995 and 1999, both short-answer items and extended-
response items were included in the assessment. Short-answer items typically
are worth one score point and require a numerical response in mathematics
or a brief descriptive response in science. Extended-response items are worth
a maximum of two score points and require students to show their work
or provide explanations using words and/or diagrams to demonstrate their
conceptual and procedural knowledge. The generalized scoring guides for
mathematics and science items developed for TIMSS 1999 (Exhibit 2.13) also
were applied in TIMSS 2003.
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Exhibit 2.13  TIMSS Generalized Scoring Guide for Mathematics and Science Items

Mathematics

Science

Extended-Response Items

2 Points

A two-point response is complete and correct. The response dem-
onstrates a thorough understanding of the mathematical concepts
and/or procedures embodied in the task.

e Indicates that the student has completed the task, showing
mathematically sound procedures

e Contains clear, complete explanations and/or adequate work
when required

1 Point

A one-point response is only partially correct. The response dem-
onstrates only a partial understanding of the mathematical con-
cepts and/or procedures embodied in the task.

o Addresses some elements of the task correctly but may be
incomplete or contain some procedural or conceptual flaws

e May contain a correct solution with incorrect, unrelated, or no
work and/or explanation when required

e May contain an incorrect solution but applies a mathematically
appropriate process

0 Points

A zero-point response is completely incorrect, irrelevant, or
incoherent.

2 Points

A two-point response is complete and correct. The response
demonstrates a thorough understanding of the science concepts
and/or procedures embodied in the task.

e Indicates that the student has completed all aspects of the task,
showing the correct application of scientific concepts and/or
procedures

e Contains clear, complete explanations and/or adequate work
when required

1 Point

A one-point response is only partially correct. The response dem-
onstrates only a partial understanding of the science concepts
and/or procedures embodied in the task.

¢ Addresses some elements of the task correctly but may be
incomplete or contain some procedural or conceptual flaws

e May contain a correct answer but with an incomplete explana-
tion when required

e May contain an incorrect answer but with an explanation indi-
cating a correct understanding of some of the scientific concepts

0 Points

A zero-point response is seriously inaccurate or inadequate, irrel-
evant, or incoherent.

Short-Answer Items

1 Point

A one-point response is correct. The response indicates that the
student has completed the task correctly.

0 Points

A zero-point response is completely incorrect, irrelevant, or
incoherent.

1 Point

A one-point response is correct. The response indicates that the
student has completed the task correctly.

0 Points

A zero-point response is completely incorrect, irrelevant, or
incoherent.

Each constructed-response item has its own scoring guide that utilizes
a two-digit scoring scheme to provide diagnostic information. The first digit
designates the correctness level of the response: 2 for a two-point response,
1 for a 1-point response, and 7 for an incorrect response. The second digit,
combined with the first, represents a diagnostic code used to identify specific
types of approaches, strategies, or common errors and misconceptions. A
second digit of 0-5 may be used for pre-defined international codes at each
correctness level, while a second digit of 9 corresponds to “other” types of
responses that fall within the appropriate correctness level but do not fit any
of the pre-defined international codes. A special code (99) is given for com-
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pletely blank responses. In general, only a few diagnostic codes are used to
track high-frequency correct or partial approaches or common misconcep-
tions and errors, and a particular effort was made in TIMSS 2003 to minimize
the number of diagnostic codes used. In addition to the international codes,
second digit codes of 7 and 8 may be used by national centers to monitor
specific responses not already captured by the internationally-defined codes.
The general TIMSS two-digit scoring scheme is summarized in Exhibit 2.14.

Exhibit 2.14 TIMSS Two-Digit Scoring Scheme for Constructed-Response Items

Correctness
Level

Correct
Responses

Partial Responses

Incorrect
Responses

Blank

48

Two- Point Items One-Point Items
. Correctness International
International Code(s) Level Code(s)

20 - 25: category/method #1 - #5 10-15: category/method #1- #5
Correct Responses

29: other correct method 19: other correct method

10-15: category/method #1- #5 Incorrect 70 - 75: misconception/error #1- #5

19: other partial method Responses 79: other error

70 -75: misconception/error #1 - #5
Blank 99

79: other error

99

2.5.7.2 Developing the TIMSS 2003 Scoring Guides

Items and scoring guides were developed in parallel, with draft scoring guides
provided by item writers along with their item submissions. Scoring guides
were further developed during item review and revision by the mathemat-
ics and science task forces and at the first two meetings of the Science and
Mathematics Item Review Committee. Draft field-test versions of the scoring
guides were reviewed by National Research Coordinators at their third NRC
meeting. In February 2002, prior to the field test, a small-scale pilot of fourth-
and eighth-grade constructed-response items was conducted in seven coun-
tries that tested in English. This pilot included all of the problem-solving and
inquiry tasks as well as other items with more challenging scoring guides.
Results from the pilot were used to finalize scoring guides for the field test by
identifying common responses and clarifying the threshold for correct versus
partial or incorrect responses. Selected student responses from the pilot were
included as examples in the scoring guides and materials for scoring training
for the field test.

In general, the scoring reliability from the field test was quite high,
with an average percent agreement correctness of more than 90 percent for
nearly all items. However, scoring relibility data did suggest some scoring
guide revisions. NRC feedback on their scoring experiences during the field

TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE



CHAPTER 2: DEVELOPING THE TIMSS 2003 MATHEMATICS AND SCIENCE ASSESSMENT AND SCORING GUIDES

test also was used to make improvements in the scoring guides. In addition,
sets of student booklets from the field test were collected from all of the
English-test countries as sources of example student responses to clarify codes
and prepare scoring training materials for the assessment.

During the review of the main survey test instruments at the fifth NRC
meeting in August 2002, the changes recommended at the SMIRC meeting
were discussed and NRCs made some additional suggestions for revisions to
the scoring guides. Because so many changes were made to the problem-
solving and inquiry tasks after the field test, these were included in a second
small-scale item trial conducted in September 2002 in five countries that test
in English. Student responses from this trial provided examples for the final
scoring guides and for scoring training materials. The scoring guides and train-
ing materials were used during the first international scoring training session
in November 2002 for southern hemisphere countries. A few additional revi-
sions and clarifications were suggested by the national representatives at this
training session. These were incorporated into the guides prior to their general
distribution in December 2002.

Scoring guides for the trend constructed-response items (35 items
from the eighth-grade 1999 assessment and 2 items from the fourth-grade
1995 assessment) were essentially unchanged from the versions used in the
previous assessments, except for some modifications made to be consistent
with the TIMSS 2003 format.*

2.5.7.3 Scoring Training Materials and Procedures

As in previous assessments, the International Study Center used a “train-
the-trainers” approach to provide training on the international procedures
for scoring the TIMSS 2003 constructed-response items. National Research
Coordinators and/or other personnel responsible for training scorers in each
country participated in training sessions for the field test and the main survey.
In each of these sessions, the general TIMSS scoring approach was reviewed,
and participants were then trained on a subset of constructed-response items.
The subset of items was selected to reflect a range of scoring guide types and
situations encountered across the TIMSS mathematics and science items and
included some of the most complicated scoring guides.

Training was organized into four sessions by subject and grade (math-
ematics fourth and eighth grades and science fourth and eighth grades) con-
ducted by the mathematics and science coordinators and task force members.
Participants received the international version of the scoring guides and a
binder for each subject/grade combination containing a set of prescored

4 Scoring guides for a few eighth-grade science items from 1999 were simplified to reduce the number of diagnostic codes. In all cases, the overall scoring
strategy was retained to ensure score-level reliability from 1999 to 2003.
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example student responses illustrating the diagnostic codes and the rationale
used to score the responses and a set of 10-20 unscored practice responses
for each item. The student responses were selected from the international
small-scale item pilot and field-test booklets.

The purpose of the international scoring training was to present a
model for use in each country and an opportunity to practice and resolve
scoring issues with the most difficult items. The training teams discussed
the need for NRCs to prepare comparable materials for training in their own
country for all constructed-reponse items and a larger number of practice
responses for the more challenging scoring guides during the national train-
ing sessions. The following general procedures were followed in the scoring
training for each item:

e Participants read the item and its scoring guide.

e Trainers discussed the rationale and methodology of the scoring guide.

e Trainers presented and discussed the set of prescored example student
responses.

e Participants scored the set of practice student responses.

e Trainers led a group discussion of the scores given to the practice responses
to reach a common understanding of the interpretation and application of
the scoring guide.

Scoring training for the field test was conducted at the fourth NRC
meeting in March 2002. Two full days of scoring training were devoted to
the science items, with one day for each grade. For mathematics, training for
both grades was done over a total of one and one-half days.

Scoring training for the assessment was conducted in the same fashion
as for the field test, with separate sessions devoted for each subject/grade com-
bination. For the assessment scoring training, 40 total items were included for
eighth grade — 20 mathematics items and 20 science items. This set of items
represents nearly 30 percent of the constructed-response items in the eighth-
grade assessment. For fourth grade, 14 items were included for mathematics,
and 16 items were included for science. This represents more than 25 percent
of the constructed-response items in the fourth-grade assessment. For each
grade, at least one item from each of the problem-solving and inquiry tasks
was selected for training.

Two main scoring training sessions were conducted for the 2003 assess-
ment, one for countries on a southern hemisphere schedule and one for
countries on a northern hemisphere schedule.’ The first was held in Novem-
ber 2002 in Wellington, New Zealand, for southern-hemisphere countries.
The second, held in March 2003 in conjunction with the sixth NRC meeting

5 An extra scoring training session was organized in May 2003 for northern hemisphere countries that were unable to attend the main training session.
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in Bucharest, Romania, was for the remaining countries. At each session, a
tull day of training was devoted to each subject for eighth grade and a little
less for fourth grade (about a half day for mathematics and three-quarters for
science). After the completion of scoring training, code sheets for the example
and practice papers were distributed to NRCs for use in organizing scoring
training materials in their own countries.

2.6 Assessment Booklet Design

In order to cover the frameworks, the pool of items and tasks included in the
TIMSS asssessment is extensive and would require much more testing time
than could be alloted for individual students (about seven hours at grade 8
and five and one-half hours at grade 4). Therefore, as in the 1995 and 1999
assessments, TIMSS 2003 uses a matrix-sampling technique that involves
dividing the entire assessment pool into a set of unique item blocks, distrib-
uting these blocks across a set of booklets, and rotating the booklets among
the students. Each student takes one booklet containing both mathematics
and science items.®

2.6.1 Block and Booklet Design

The TIMSS design for 2003 divides the 313 items at fourth grade and 383
items at eighth grade into 28 item blocks at each grade, 14 mathematics blocks
labeled MO1 through M14, and 14 science blocks labeled S01 through S14.
Each block contains either mathematics items only or science items only.
This general block design, shown in Exhibit 2.15, is the same for both grades,
although for the assessment time is 12 minutes for fourth-grade blocks and
15 minutes for eighth-grade blocks. At the eighth grade, six blocks in each
subject (blocks 01 — 06) contain secure items from 1995 and 1999 to measure
trends and eight blocks (07 — 14) contain new items developed for TIMSS
2003. Since fourth grade was not included in the 1999 assessment, trend
items from 1995 only were available, and these were placed in the first three
blocks. The remaining 11 blocks contain items new in 2003.

In the TIMSS 2003 design, the 28 blocks of items are distributed across
12 student booklets, as shown in Exhibit 2.16. Each booklet consists of six
blocks of items. To enable linking between booklets, each block appears in
two, three, or four different booklets. The assessment time for individual stu-
dents is 72 minutes at fourth grade and 90 minutes at eighth grade, which is
comparable to that in the 1995 and 1999 assessments.

6  See Mullis et al. (2003) for more information on the assessment booklet design.
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Exhibit 2.15 General Design of the TIMSS 2003 Matrix-Sampling Blocks

Source of Items

Trend Items (TIMSS 1995 or 1999)
Trend Items (TIMSS 1995 or 1999)
Trend Items (TIMSS 1995 or 1999)
Trend Items (TIMSS 1999)

Trend Items (TIMSS 1999)

Trend Items (TIMSS 1999)

New Replacement Items (TIMSS 2003)
New Replacement Items (TIMSS 2003)
New Replacement Items (TIMSS 2003)
New Replacement Items (TIMSS 2003)
New Replacement Items (TIMSS 2003)
New Replacement Items (TIMSS 2003)
New Replacement Items (TIMSS 2003)
New Replacement Items (TIMSS 2003)

The booklets are organized into two three-block sessions (Parts I and
II), with a break in between each part. Since the use of calculators was intro-
duced for the first time in TIMSS 2003 at the eighth grade, this had an impact
on the booklet design. To ensure that calculators could be used for the new
items but not for the trend items from 1995 and 1999, the trend items (blocks
01 — 06) were placed in Part I of the test booklets to be completed without
calculators before the break. After the break, calculators were allowed for the
new items (blocks 07 — 12) at eighth grade but not fourth grade. To provide
a more balanced design, however, two mathematics trend blocks (M05 and
MO06) and two science trend blocks (S05 and S06) also were placed in Part II

of one booklet each.
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MO01
Mo02
MO03
M04
MO05
MO06
Mo07
M08
M09
M10
M11
M12
M13
M14

Science Blocks
S01
502
S03
S04
S05
S06
S07
S08
S09
S10
SN
S12
S13
S14
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Exhibit 2.16  Booklet Design for TIMSS 2003 - Grade 4 and Grade 8

Assessment Blocks

Student Booklet Part | Part Il

Booklet 1 MO01 Mo02 S06 S07 MO05 Mo07
Booklet 2 MO02 MO03 S05 S08 MO06 M08
Booklet 3 Mo03 Mo04 S04 S09 M13 M1
Booklet 4 Mo04 MO05 S03 S10 M14 M12
Booklet 5 MO05 MO06 S02 N M09 M13
Booklet 6 MO06 MO01 S01 S12 M10 M14
Booklet 7 S01 502 M06 Mo07 S05 S07
Booklet 8 S02 S03 MO05 M08 S06 S08
Booklet 9 S03 S04 Mo04 M09 S13 SN
Booklet 10 S04 S05 Mo03 M10 S14 S12
Booklet 11 S05 S06 MO02 M11 S09 S13
Booklet 12 S06 S01 MO01 M12 S10 S14

2.6.2 Assembling Item Blocks

The assessment blocks were assembled to create a balance across blocks and
booklets with respect to content domain, cognitive domain, and item format.
Although a balance was achieved at the overall assessment level, the distribu-
tion of item types varies across blocks. The trend blocks from 1995 (blocks 01
— 03) contain mostly multiple-choice items, while the blocks containing the
problem-solving and inquiry tasks have a higher proportion of constructed-
response items. Each block contains an average of 12 score points at fourth
grade and 15 score points at eighth grade, and the percentage of score points
from constructed-response items in each block ranges from 0 to about 80
percent. On average, there are 6-7 multiple-choice items, 4-5 short-answer
items, and 0-1 extended-response items per block at the fourth grade. At the
eighth grade, there are 8-9 multiple-choice items, 3-4 short-answer items,
and 1-2 extended-response items per block, on average. Depending on the
exact number of multiple-choice, short-answer, and extended-response items
in each block, the total number of items in a block ranges from 10 to 13 at
fourth grade and from 11 to 16 at eighth grade.
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2.6.3 Incorporating Trend Items

In TIMSS 1995 and 1999, items were organized into 26 item clusters
(labeled A through Z). Clusters A-R contained sets of both mathematics and
science items, clusters S-V only mathematics items, and clusters W-Z only
science items. After the 1995 assessment, clusters A-H (containing nearly all
multiple-choice items) were held secure for future assessments; clusters I-Z
were released and replaced with new items in the 1999 assessment. Since the
fourth grade was not included in the 1999 assessment, only clusters A-H from
1995 are available as trend items for the 2003 assessment, and these clusters
contain nearly all multiple-choice items.

At the eighth grade, clusters I-Z contained items developed for the
1999 assessment. At the end of TIMSS 1999, the “even” clusters (B, D, E etc.)
were released and the “odd” clusters (A, C, E, etc.) were held secure as trend
items for the 2003 assessment. Therefore, the following clusters of trend items
at the eighth grade are available for the 2003 assessment:

e 1995 items: A, C, E, G (mathematics and science)
e 1999 items: I, K, M, O, Q (mathematics and scence); S, U (mathematics);
W, Y (science)

Because of the new booklet and block design specified in the TIMSS
2003 frameworks, the trend item clusters from 1995 and 1999 were reorga-
nized for the TIMSS 2003 assessment. In accordance with the TIMSS 2003
test design, mathematics and science items from 1995 were assigned to blocks
MO1-MO03 or S01-S03. Most items from 1999 were assigned to blocks M04-
MO6 or S04-S06, although some were assigned to blocks M01-MO03 or SO1-
S03 where there were insufficient 1995 items to fill these blocks. In addition,
some new items were added to fill the trend blocks; in particular, blocks M04-
MO06 and S04-S06 contain all new items at the fourth grade. The assignment
of 1995 and 1999 trend item clusters to the TIMSS 2003 item blocks and the
resulting distribution of score points across assessment years is summarized
for the fourth and eighth grades in Exhibits 2.17 and 2.18, respectively.

2.6.4 Alignment with the Mathematics and Science Frameworks

The test development process for TIMSS 2003 successfully produced fourth-
and eighth-grade assessments aligned with the TIMSS Assessment Frameworks
and Specifications 2003. Details about the coverage of the frameworks are given
separately for the fourth- and eighth-grades in the following sections.
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Exhibit 2.17 TIMSS 2003 Mathematics and Science Blocks — Grade 4: Number of Items from
1995 Trend Clusters and Score Points by Assessment Year

Number of Items Score Points by Assessment Year
from Trend
Block Clusters* 1995 2003 Total

Mathematics Blocks

MO1 C(4), E(4), G(4) 12 0 12
Mo02 A(3), D(5), F(5) 13 0 13
M03 A(2), B(5), H(5) 12 0 12
M04 - M14 - 0 132 132
Mathematics Total 37 132 169

Science Blocks

S01 A(4), B(4), F(3) 1" 0 1"
S02 D(2), G(5), H(4) n 0 n
S03 C(5), D(2), E(4) " 0 n
S04 -S14 - 0 135 135
Science Total 33 135 168
Overall Total Score Points 70 267 337

* The number of items from each trend cluster is indicated in parentheses. Items in clusters A-H were developed for the 1995 assess-
ment; grade 4 was not included in the 1999 assessment. Blocks M04-M14 and S04-S14 contain only new items developed for
TIMSS 2003.

2.6.4.1 Fourth-Grade Assessment

Exhibit 2.19 shows the distribution of score points across content and cogni-
tive domains in the fourth-grade mathematics assessment. The percentage
of score points across both content and cognitive categories is very close to
the target percentages specified in the frameworks (Exhibit 2.2). Exhibit
2.20 shows the score-point distribution for the fourth-grade science assess-
ment, as well as the score points in the scientific inquiry assessment strand
(see Exhibit 2.4 for the science framework target percentages). For both
mathematics and science, items reflecting the full range of cognitive domains
are included in each content domain. About 10 percent of the score points
in science, covering a wide range of science content, also contribute to the
scientific inquiry strand.
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Exhibit 2.18 TIMSS 2003 Mathematics and Science Blocks — Grade 8: Number of Items from 1995/1999
Trend Clusters and Score Points by Assessment Year
Number of Items Score Points by Assessment Year
from Trend
Block Clusters* 1995 1999 2003 Total

Mathematics Blocks

MO1 A(6), G(6) 12 0 3 15
Mo02 C(5), Q(10) 5 10 0 15
MO03 E(6), 0(9) 6 9 0 15
Mo04 1(9), S(7) 0 17 0 17
MO05 K(9), U(4) 0 16 0 16
MO06 M (8) 0 8 7 15
MO07 - M14 - 0 0 122 122
Mathematics Total 23 60 132 215
Science Blocks
S01 E(6), K(10) 6 10 0 16
S02 A(6), C(6) 12 0 3 15
S03 G(6), 0(8) 6 8 0 14
S04 M(6), W(4) 0 1 4 15
S05 1(11), Y(3) 0 15 0 15
S06 Q(8) 0 8 7 15
S07 - S14 - 0 0 121 121
Science Total 24 52 135 21
Overall Total Score Points 47 112 267 426

* The number of items from each trend cluster is indicated in parentheses. Items in clusters A-H were developed for the 1995 assessment; items in
clusters I-Z were developed for the 1999 assessment. Blocks M07-M14 and S07-S14 contain only new items developed for TIMSS 2003.

Exhibit 2.19 Distribution of Score Points in the TIMSS 2003 Mathematics Assessment by Content and
Cognitive Domains — Grade 4

Cognitive Domain

Knowing . Solving Percentage
. Using . . Total Score
Content Domain Facts and Routine Reasoning . of Score
Concepts Points R
Procedures Problems Points

Number 15 17 27 9 68 40%
Patterns and 3 5 9 8 25 15%
Relationships
Measurement 9 3 12 9 33 20%
Geometry 12 8 4 1 25 15%
Data 0 6 9 3 18 1%
Total Score Points 39 39 61 30 169
Percentage of 23% 23% 36% 18%

Score Points
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Exhibit 2.20 Distribution of Score Points in the TIMSS 2003 Science Assessment by Content and Cognitive
Domains, and Scientific Inquiry Strand — Grade 4

Cognitive Domain

Reasoning Total Percentage Scientific
. Factual Conceptual .
Content Domain Knowledae Understandin and Score of Score Inquiry Score
9 9 Analysis Points Points Points

Life Science 28 28 16 72 43% 4
Physical Science 16 26 17 59 35% 12

Earth Science 15 16 6 37 22% 1

Total Score Points 59 70 39 168 17
Percentage of 35% 42% 23%

Score Points

In accordance with the frameworks, a range of item types is reflected
in the TIMSS 2003 assessment, including multiple-choice, short-answer, and
extended-response items. Exhibit 2.21 shows the breakdown of the fourth-
grade mathematics and science items by item type and cognitive domain,
indicating that each content domain covers a range of item types.

Exhibit 2.21 Number of Mathematics and Science Items in TIMSS 2003 by Item Type and
Content Domain — Grade 4

Item Type

Multiple Short Answer Extended Total Number

Content Domain Choice Response of Items

Mathematics Items

Number 30 31 2 63
Patterns and Relationships 16 7 1 24
Measurement 23 10 0 33
Geometry 12 1" 1 24
Data " 5 1 17
Total Mathematics Items 92 64 5 161

Science Items

Life Science 4 23 1 65
Physical Science 29 20 4 53
Earth Science 21 13 0 34
Total Science Items 91 56 5 152
Total Overall Items 183 120 10 313
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TIMSS reports trends in student achievement in mathematics in the
major content domains of each subject. To facilitate linking to previous assess-
ments, TIMSS 2003 includes items from 1995 in the fourth grade and from
1995 and 1999 in the eighth grade in each content domain. Exhibit 2.22
shows, for the fourth-grade assessment, the number of score points in math-
ematics and science contributed by items used previously in 1995 and by
those used for the first time in 2003. In mathematics, the number of score
points in the five content domains ranges from a maximum of 19 (Number)
to a minimum of 2 (Patterns and Relationships). In science, there are between
9 and 12 score points from the 1995 assessment in the content domains.
Because there are relatively few items and score points from the 1995 assess-
ment in most content domains, TIMSS 2003 developed achievement scales
linking 1995 and 2003 for mathematics and science overall, but not for indi-
vidual content domains. However, the TIMSS 2003 design makes provision
for sufficient trend items to develop achievement scales linking the content
domains from 2003 onwards, i.e., to 2007, 2011, and so on.

Exhibit 2.22 Number of Score Points in TIMSS 2003 from Each Assessment Year by
Mathematics and Science Content Domain — Grade 4

Assessment Year
Content Domain From 1995 From 1999 New in 2003 Total 2003

Mathematics

Number 19 N/A 49 68
Patterns and Relationships 2 N/A 23 25
Measurement 8 N/A 25 33
Geometry 4 N/A 21 25
Data 4 N/A 14 18
Total in Mathematics 37 N/A 132 169
Science
Life Science 12 N/A 60 72
Physical Science 9 N/A 50 59
Earth Science 12 N/A 25 37
Total in Science 33 N/A 135 168
Total Overall 70 N/A 267 337

N/A: Not Applicable — TIMSS was not administered at fourth grade in 1999.
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The block and booklet design for TIMSS 2003 ensures that the student
booklets contain an appropriate balance of mathematics and science content.
Exhibit 2.23 shows the number of mathematics and science score points avail-
able in each fourth-grade booklet. The number of score points per booklets
ranges from 71 to 80, with an average of 75. In accordance with the frame-
works, in booklets 1-6 about two-thirds of the score points come from math-
ematics items and one-third from science. Conversely, in booklets 7-12 about
two-thirds of the score points come from science items and one-third from
mathematics. All student booklets contain items from each of the mathemat-
ics and science content domains.

Exhibit 2.23 Maximum Number of Score Points in TIMSS 2003 in Each Booklet by
Mathematics and Science Content Domain — Grade 4

Booklet
Content Domain 1 2 3 4 5 6 7 8 9 10 1 12

Mathematics

Number 19 18 23 17 21 20 5 7 10 " " 8
Patterns and Relationships 6 6 6 8 6 5 7 3 4 2 3 6
Measurement 12 13 7 9 n 12 6 8 2 3 5 6
Geometry 4 7 7 9 4 7 2 3 5 6 4 3
Data 8 5 6 5 4 3 4 3 2 2 4 2
Total in Mathematics 49 49 49 48 46 47 24 24 23 24 27 25
Science
Life Science 13 10 13 13 9 n 18 22 19 2 29 24
Physical Science 6 9 10 8 7 10 12 14 20 25 14 17
Earth Science 8 10 4 4 9 7 18 16 " 7 10 9
Total in Science 27 29 27 25 25 28 48 52 50 53 53 50
Total Overall 76 78 76 73 Al 75 72 76 73 77 80 75

2.6.4.2 Eighth-Grade Assessment

Exhibit 2.24 shows the distribution of score points across content and cogni-
tive domains in the TIMSS 2003 eighth-grade mathematics assessment. The
percentage of score points is close to the target percentages (Exhibit 2.2) for
nearly all content and cognitive categories, although the assessment has a
somewhat higher percentage of items in knowing facts and procedures and a
lower percentage in solving routine problems. Exhibit 2.25 shows the distribu-
tion of score points across content and cognitive domains in the eighth-grade
science assessment, as well as the number of score points in each content
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domain that also pertain to the scientific inquiry assessment strand. The per-
centages of score points in the content and cognitive domains of the science
assessment also are close to their targets (see Exhibit 2.4). As with the fourth-
grade assessment, items reflecting a range of cognitive domains are included
in each of the mathematics and science content domains at the eighth grade.
About 14 percent of the score points in science, covering a wide range of
science content, also contribute to the scientific inquiry strand.

Exhibit 2.24 Distribution of Score Points in the TIMSS 2003 Mathematics Assessment by Content and Cognitive
Domains - Grade 8

Content Domain

Number

Algebra
Measurement
Geometry

Data

Total Score Points

Percentage of
Score Points

Cognitive Domain

. Solving Total Percentage
Knowing Facts . . .
Using Concepts Routine Reasoning Score of Score
and Procedures . .
Problems Points Points
15 " 27 7 60 28%
13 12 10 18 53 25%
9 2 15 8 34 16%
7 8 10 9 34 16%
1 6 14 13 34 16%
45 39 76 55 215
21% 18% 35% 26%

Exhibit 2.25 Distribution of Score Points in the TIMSS 2003 Science Assessment by Content and Cognitive
Domains and Scientific Inquiry Strand - Grade 8

Content Domain

Life Science
Chemistry
Physics

Earth Science

Environmental
Science

Total Score Points

Percentage of
Score Points

60

Cognitive Domain

Factual Conceptual Reasoning Total Percentage of SC|lent|f|c
Knowledge Understandin and Score Score Points Inquiry Score
9 9 Analysis Points Points
24 24 17 65 31% 8
7 16 " 34 16% 6
7 23 19 49 23% 9
12 13 8 33 16% 1
9 4 17 30 14% 6
59 80 72 21 30
28% 38% 34%
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Exhibit 2.26 shows the number of multiple-choice, short-answer, and
extended-response items in each content domain for the eighth-grade assess-
ment. As in the fourth grade, each of the content domains at eighth grade
includes a range of item types.

Exhibit 2.26 Number of Mathematics and Science Items in TIMSS 2003 by Item Type and
Content Domain — Grade 8

Item Type

Multiple Short Answer Extended Total Number

Content Domain Choice Response of Items

Mathematics Items

Number 43 " 3 57
Algebra 29 13 5 47
Measurement 19 9 3 31
Geometry 22 6 3 31
Data 15 8 5 28
Total Mathematics 128 47 19 194

Science Items

Life Science 29 17 8 54
Chemistry 20 10 1 31
Physics 28 15 3 46
Earth Science 22 9 0 31
Environmental Science 10 8 9 27
Total Science 109 59 21 189
Total Items 237 106 40 383

To study trends in eighth-grade student mathematics and science
achievement, TIMSS 2003 included items from the TIMSS 1995, 1999, and
2003 assessments. Exhibit 2.27 shows the number of score points in math-
ematics and science contributed by items used previously in 1995 and in
1999 as well as by those used for the first time in 2003. Among items from
1995, the number of score points in each content domain ranges from 3 to
6, and among 1999 items, from 6 to 20. TIMSS 2003 developed achievement
scales linking 1995, 1999, and 2003 for mathematics and science overall,
but because there are relatively few items and score points from the 1995
and 1999 assessments in content domains, TIMSS did not develop scales for
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measuring trends in individual content domains. However, the TIMSS 2003
design makes provision for sufficient trend items to develop achievement
scales linking the content domains from 2003 onwards, i.e., to 2007, 2011,
and so on. TIMSS used average percents correct to show changes in perfor-
mance in the content domains from 1999 to 2003.

Exhibit 2.27 Number of Score Points in TIMSS 2003 from Each Assessment Year by
Mathematics and Science Content Domain - Grade 8

Assessment Year
Content Domain From 1995 From 1999 New in 2003 Total 2003

Mathematics

Number 6 20 34 60
Algebra 6 n 36 53
Measurement 4 14 16 34
Geometry 4 8 22 34
Data 3 7 24 34
Total in Mathematics 23 60 132 215
Science
Life Science 6 12 47 65
Chemistry 4 n 19 34
Physics 5 17 27 49
Earth Science 6 6 21 33
Environmental Science 3 6 21 30
Total in Science 24 52 135 211
Total Overall 47 112 267 426

Exhibit 2.28 shows the maximum number of score points in math-
ematics, science, and overall and the distribution of score points across the
mathematics and science content domains for each booklet in the eighth-
grade assessment. The total score points in each booklet ranges from 90 to
97, with an average of 94. As in the fourth grade, about two-thirds of score
points are from mathematics items in booklets 1-6, and about two-thirds of
score points are from science items in booklets 7-12. Each booklet covers the
full range of mathematics and science content domains.
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Exhibit 2.28 Maximum Number of Score Points in TIMSS 2003 in Each Booklet by Mathematics
and Science Content Domain - Grade 8

Booklet
Content Domain 1 2 3 4 5 6 7 8 9 10 n 12

Mathematics

Number 19 22 19 14 25 17 " 10 8 7 8 7
Algebra 12 12 15 22 7 15 4 6 9 6 7 9
Measurement 13 7 1" 13 1 5 4 8 8 4 5 4
Geometry 8 " " 7 14 10 5 4 5 4 5 5
Data " 8 6 8 4 12 8 3 2 8 5 6
Total Mathematics 63 60 62 64 61 59 32 31 32 29 30 31
Science
Life Science 10 12 7 7 9 10 20 19 18 23 21 23
Chemistry 6 4 5 6 4 5 10 10 " 8 10 10
Physics 6 8 9 6 7 9 17 n 13 19 14 13
Earth Science 4 5 3 5 8 5 9 12 1 7 7 10
Environmental Science 6 4 9 4 4 3 7 10 n 1 8 8
Total Science 32 33 33 28 32 32 63 62 64 68 60 64
Total Overall 95 93 95 92 93 91 95 93 96 97 90 95

2.6.5 Item Release Policy

TIMSS 2003 is the third assessment in a series of regular four-year studies,
providing trend data from 1995 and 1999. As in previous assessments, the
design for TIMSS 2003 and beyond (2007, 2011, etc.) provides for retaining
some of the items for the measurement of trend and releasing some items into
the public domain. In TIMSS 2003, half of the 14 assessment blocks in each
subject will be released after the assessment results for 2003 are published.
The released blocks will include all three mathematics and three science
blocks containing trend items from 1995 (blocks M0O1 — MO03, SO1 — S03),
one mathematics and one science block of trend items from 1999 (blocks
MO04 and S04)7 and three blocks of new mathematics and science items and
tasks developed for 2003 (blocks M09, M10, and M13; S09, S10, and S13).
As item blocks are released, new items will be developed to take their place,
and the release policy for future assessments will ensure that item blocks are
cycled out after three assessments.

In the assignment of items to blocks in TIMSS 2003, particular atten-
tion was paid to balancing the blocks with respect to content domain to

7 At fourth grade, these blocks contain new 2003 items.
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ensure that adequate numbers of items are held secure in each area for the
purposes of measuring trend in future studies. In addition, the placement of
the problem-solving and inquiry tasks results in about half of the tasks being
retained and half being released after 2003. The released item set provides
valuable information for interpreting the international and national reports
and for use in secondary analyses. Therefore, it is also important that the
released set be representative of the overall test to provide as much informa-
tion as possible about the nature and scope of the test. Exhibits 2.29 and 2.30
show the number of secure and released items from the TIMSS 2003 assess-
ment for fourth and eighth grades broken down by content domain. Approxi-
mately half of the items overall and in each content domain are released and
half are kept secure. At the fourth grade, however, more than half of the
items in the Number content domain and less than half of the items in Pat-
terns and Relationships are released.

Exhibit 2.29 Number of Items in Each Mathematics and Science Content Domain by
Release Status in TIMSS 2003 — Grade 4

Content Domain Secure Released Total

Mathematics

Number 24 39 63
Patterns and Relationships 17 7 24
Measurement 19 14 33
Geometry 12 12 24
Data 9 8 17
Total Mathematics 81 80 161
Science
Life Science 32 33 65
Physical Science 29 24 53
Earth Science 15 19 34
Total Science 76 76 152
Total Overall 157 156 313
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Exhibit 2.30 Number of Items in Each Mathematics and Science Content Domain by
Release Status in TIMSS 2003 — Grade 8

Content Domain Secure Released Total

Mathematics

Number 26 31 57
Algebra 23 24 47
Measurement 14 17 31
Geometry 15 16 31
Data 17 n 28
Total Mathematics 95 99 194
Science
Life Science 27 27 54
Chemistry 14 17 31
Physics 23 23 46
Earth Science 15 16 31
Environmental Science 15 12 27
Total Science 94 95 189
Total Overall 189 194 383
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Chapter 3

Developing the TIMSS 2003
Background Questionnaires

Steven J. Chrostowski

3.1 Overview

For a fuller appreciation of what the TIMSS achievement results mean
and how they may be used to improve student learning in mathematics
and science, it is important to understand the contexts in which students
learn. Therefore, TIMSS collects extensive information about the contexts
for learning mathematics and science by administering a range of back-
ground questionnaires. Four types of background questionnaires were used
in TIMSS 2003 to gather information at various levels of the educational
system: (i) curriculum questionnaires addressed issues of system-wide cur-
riculum design and support and curricular emphasis in mathematics and
science; (ii) a school questionnaire asked school principals/headmasters of
the students tested to provide information about curricular and instructional
arrangements, school resources, and school climate; (iii) teacher question-
naires asked mathematics and science teachers of the students tested about
their preparation to teach, their teaching activities and approaches, their
attitudes toward teaching the subject matter, and the curriculum that is
implemented in the classroom; and (iv) a questionnaire for the students
tested sought information about their home backgrounds, their attitudes
toward learning mathematics and science, and their experiences in learn-
ing these subjects.

The questionnaires were based on the contextual framework included
in the TIMSS Assessment Frameworks and Specifications 2003 (Mullis, Martin,
Smith, Garden, Gregory, Gonzalez, Chrostowski, & O’Connor, 2003). The
contextual framework specifies the major characteristics of the educational
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and social contexts to be studied and identifies the areas to be addressed in
the background questionnaires. Questionnaires were developed at both the
fourth and eighth grades.

Because TIMSS is a trend study designed to measure change in student
achievement in mathematics and science over time, it was important to retain
many of the questions included in the background questionnaires in prior
cycles of TIMSS for use in TIMSS 2003. Here the focus was on retaining those
questions that were found to be most valuable in analysis and reporting
in prior cycles of TIMSS. However, at the same time, it was also important
to refine some questions and add new ones to address emerging research
areas of interest. In particular, TIMSS 2003 added new questions on teacher
preparation and professional development, and on the use of information
technology for teaching and learning. In order to allow for such expansion
in the questionnaires while also keeping response burden manageable, it was
necessary to delete questions from earlier cycles of the study, and the focus
here was on questions that were not included in reporting TIMSS results. In
general, great effort was made to streamline the questionnaires in order to
keep response burden to a minimum.

The conceptual framework underlying TIMSS uses the curriculum,
broadly defined, as the major organizing concept to explain international vari-
ation in student achievement. The TIMSS curriculum model has three aspects:
the intended curriculum, the implemented curriculum, and the attained
curriculum. These represent, respectively, the mathematics and science that
society intends for students to learn and how the education system should be
organized to facilitate this learning; what is actually taught in classrooms, who
teaches it, and how it is taught; and finally, what students have learned, and
what they think about these subjects. Based on this model, TIMSS collects,
through the background questionnaires, information about the factors likely
to influence students’ learning of mathematics and science at the national (or
regional), school, classroom, and student level.

This chapter describes the contextual framework underlying the ques-
tionnaires, the process used to develop the questionnaires, and their content.

3.2 Contextual Framework for the Background Questionnaires

Just as the mathematics and science frameworks describe the content and
cognitive domains to be assessed in those subjects, the contextual framework
identifies the major characteristics of the educational and social contexts to
be examined with a view toward improving student learning in mathematics
and science.
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3.2.1 Development of the Contextual Framework

In conjunction with the updating of the original TIMSS assessment frame-
works in mathematics and science (see Chapter 2), a new contextual frame-
work was developed by the TIMSS & PIRLS International Study Center
(ISC) in collaboration with the TIMSS 2003 Expert Panel.! The contextual
framework, like the mathematics and science assessment frameworks, went
through an extensive and widely consultative development process spanning
approximately one year. This work was supported by a grant from the U.S.
National Science Foundation, in response to the proposal “A New TIMSS for
a New Century.” The three overarching goals of this proposal were to update
the TIMSS frameworks to ensure that the latest developments in mathemat-
ics and science would be addressed by the TIMSS 2003 assessment, develop
detailed specifications of the mathematics and science that should be covered
in the TIMSS 2003 assessments, and articulate key policy issues that should
be addressed in the TIMSS 2003 background questionnaires, i.e., teacher
preparation and professional development, and the use of information tech-
nology in the classroom.

The development work on the frameworks began in September 2000
when the ISC distributed a survey to the National Research Coordinators
(NRCs) seeking their suggestions for areas where the mathematics and science
frameworks needed strengthening and revision and potential areas for inclu-
sion in the contextual framework. In regard to the contextual framework and
background questionnaires, some of the issues NRCs identified for explora-
tion were:

¢ the relationship between student achievement and well-defined national
curriculum and examinations;

¢ teacher preparation and professional development;

e student mobility and transience;

¢ school climate;

e simplifying the language used in the fourth-grade questionnaires;

e pruning the questionnaires by deleting items that have proven to be unreli-
able or not useful in analysis and reporting; and

e improving the layout of the questionnaires and organizing questionnaire
items into logical blocks.

Development work on the contextual framework continued with the
first meeting of the Expert Panel in November 2000 in Boston. The primary
tasks of the Expert Panel regarding the contextual framework were to iden-
tify the main policy issues and new research questions to address in the
background questionnaires, and to discuss data sources and methods of data

1 See Appendix A for a list of members of the Expert Panel.

TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE 69



CHAPTER 3: DEVELOPING THE TIMSS 2003 BACKGROUND QUESTIONNAIRES

70

collection. The first Expert Panel meeting included a discussion of the policy
issues addressed in TIMSS 1999, an overview of the TIMSS 1999 background
questionnaires, an articulation of the key policy issues to be addressed in
TIMSS 2003, and a discussion of potential data sources and methods to collect
contextual information for TIMSS 2003. Panel members agreed that there was
a need to focus on a limited number of policy issues. The panel recognized
the need to ensure that the questionnaires used in TIMSS 2003 maintain
continuity with previous TIMSS surveys in order to measure trend, yet at the
same time recognized the tension between the dual needs of addressing new
policy areas while also streamlining the questionnaires in order to minimize
response burden.

Following the first meeting of the Expert Panel, staff at the International
Study Center prepared a model of the contextual framework for discussion at
the First TIMSS 2003 National Research Coordinators’” Meeting, held in Feb-
ruary 2001 in Hamburg, Germany. NRCs emphasized that in developing the
TIMSS 2003 questionnaires, the questions used in past TIMSS reports should be
retained, and questions not used should be deleted. Also, the total time devoted
to each questionnaire should not exceed that in TIMSS 1999. NRCs were asked
to submit suggestions for the contextual framework, including areas of study
and specific questions to include in the background questionnaires.

From March through April 2001, following the first NRC meeting,
ISC staff further developed the assessment frameworks based on the input
from NRCs. The revised frameworks were reviewed by the Expert Panel at
its second meeting, held in May 2001 in Amsterdam, the Netherlands. The
Expert Panel suggested the following topics for further exploration:

e Teacher training: The link between teacher training and later teaching
effectiveness could be investigated. This could include the type of teacher
training institution attended by teachers, the curriculum offered, the length
of training and the amount of teaching practice, the use of technology in
teacher training, and teacher competency standards.

¢ Professional development: Topics suitable for exploration include who
provides the professional development, the nature of the professional
development, the incentives for engaging in professional development,
and the attractiveness of teaching as a profession.

e Technology: A central question to investigate would be level of access
to the Internet by students and teachers, and how the Internet is used
to facilitate teaching and learning. Additional topics that could be
addressed include the ability of students to judge the quality of infor-
mation they obtain via the Internet, and potential problems associated
with Internet use.
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Based on the input from the Expert Panel, ISC staff further revised the
assessment frameworks for final review and approval by NRCs at the Second
TIMSS 2003 National Research Coordinators” Meeting, held in June 2001
in Montreal, Canada. National Research Coordinators provided additional
input on the frameworks, and upon incorporating some new suggestions from
NRCs, the International Study Center published the first edition of the TIMSS
Assessment Frameworks and Specifications 2003 in September 2001.2 In addition
to the mathematics, science, and contextual frameworks, this document also
includes a chapter on the planned assessment design.

3.2.2 Content of the Contextual Framework

The TIMSS contextual framework describes the contextual areas to be
studied, and provides direction for development of the curriculum, school,
teacher and student background questionnaires. The contextual framework
encompasses five broad areas that interact with each other to impact student
achievement:

e the curriculum;

¢ the schools;

e teachers and their preparation;

e classroom activities and characteristics;
¢ the students.

In particular, the framework focuses on the curricular goals of the
education system and how the system is organized to attain and sustain those
goals; the educational resources provided and how the school is organized to
foster teaching and learning; the teaching force and how it is educated and
supported; the topics that are taught and the learning activities that go on in
the classroom; and the students” home background and learning support and
the attitudes they bring to school.

The following sections briefly summarize the main areas included in
the contextual framework.

3.2.2.1 The Curriculum

The TIMSS contextual framework sees curriculum development as a process
involving consideration of the society which the education system serves, the
needs and aspirations of the students, the nature and function of learning,
and the formulation of statements on what learning is important. Building on
past IEA experience, the TIMSS contextual framework addresses five broad
aspects of the intended curriculum in mathematics and science: formulating

2 The second edition of the frameworks was published in February 2003, and features example mathematics and science
achievement items used in the field test but not the main data collection, as well as a revised assessment design chapter.

TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE 71



CHAPTER 3: DEVELOPING THE TIMSS 2003 BACKGROUND QUESTIONNAIRES

72

the curriculum; defining the scope and content of the curriculum; organizing
the curriculum, monitoring and evaluating the implemented curriculum; and
providing curricular materials and support.

3.2.2.2 The Schools

In the TIMSS contextual model, the school is the institution through which
the goals of the curriculum are implemented. TIMSS focuses on a set of
indicators of school quality that research has shown to characterize schools
that function as well-managed integrated systems supportive of teaching and
learning. These include: organization of the school; school goals; roles of
the school principal; resources to support mathematics and science learning;
parental involvement; and a disciplined school environment.

3.2.2.3 Teachers and Their Preparation

Teachers are the primary agents of curriculum implementation in the TIMSS
contextual model. Regardless of how closely prescribed the curriculum,
or how explicit the textbook, the actions of the teacher in the classroom
can greatly affect student learning. What teachers know and are able to do
is of critical importance. In this area, TIMSS focuses on a set of indicators
related to having highly qualified teachers in the classroom. These include:
academic preparation and certification; teacher recruitment; teacher assign-
ment; teacher induction; teaching experience; teaching styles; and profes-
sional development.

3.2.2.4 Classroom Activities and Characteristics

Although the school provides the general context for learning, it is in the
classroom setting and through the guidance of the teacher that most teaching
and learning take place. Aspects of the implemented curriculum that are most
readily studied in the classroom include the curriculum topics that are actu-
ally taught, the pedagogical approaches used, the materials and equipment
available, and the conditions under which learning takes place, including the
size and composition of the class and the amount of classroom time devoted
to mathematics and science education. Here the TIMSS contextual frame-
work addresses several areas: curriculum topics taught; instructional time;
homework; assessment; classroom climate; use of information technology;
calculator use; emphasis on scientific investigation; and class size.

3.2.2.5 The Students

Students come to school from different backgrounds and with different expe-
riences that affect their attitudes toward learning mathematics and science
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and their academic performance in these subjects. In this area TIMSS focuses
on: students” home background and resources for learning; their prior experi-
ences; and their attitudes toward learning.

3.3 The TIMSS 2003 Background Questionnaires

The TIMSS 2003 contextual framework served as the foundation in develop-
ing the TIMSS 2003 background questionnaires. As mentioned above, four
types of background questionnaires were used to collect information regard-
ing the contexts in which students learn mathematics and science.

e The curriculum questionnaire addressed issues of the intended national
curriculum in mathematics and science. Four versions of this question-
naire were administered: fourth-grade mathematics, fourth-grade science,
eighth-grade mathematics, and eight-grade science.

e The school questionnaire asked school principals or headmasters to
provide information about the school contexts for the teaching and learn-
ing of mathematics and science. There were separate versions for fourth
grade and eighth grade.

e The teacher questionnaire collected information about the teachers’
preparation and professional development, their pedagogical activities, and
the implemented curriculum. At fourth grade there was one questionnaire
that addressed both mathematics and science, and at eighth grade there
were separate versions for mathematics teachers and science teachers.

¢ The student questionnaire sought information about the students” home
backgrounds and their experiences in learning mathematics and science.
There were separate versions for fourth grade and eighth grade, and at
eighth grade there were different versions for countries where eighth-grade
science is taught as a single integrated subject and countries where it is
taught as separate subjects (i.e., biology, chemistry, physics, earth science).

3.3.1 Development of the Background Questionnaires

Like the contextual framework, the TIMSS 2003 background questionnaires
were developed through an iterative and widely collaborative process that
spanned slightly more than one year. This process involved the TIMSS &
PIRLS International Study Center, National Research Coordinators, the
Questionnaire Item Review Committee (QIRC), and the IEA Data Processing
Center. The process included a series of reviews of draft instruments, a field
test of the questionnaires, a review of the field-test data, and a revision of the
field-test instruments for use in the main data collection.
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The development work began at the second NRC meeting in June
2001, when NRCs reviewed the TIMSS 1999 questionnaires in conjunc-
tion with the TIMSS 2003 contextual framework to advise what should be
included in the 2003 assessment. Where questionnaire items had been used
in the TIMSS 1999 international reports, NRCs decided that in general these
items should be retained, preferably in the same form in order to measure
trend. Items not reported in TIMSS 1999 were to be modified or deleted.
NRCs also suggested to add or expand questions regarding the type of home-
work that students do, whether students get support for homework outside
of school, the types of threats to safety that students experience, how teachers
are licensed and evaluated, and the types of professional development that
teachers undergo.

Working from the contextual framework and the TIMSS 1999 ques-
tionnaire review conducted by NRCs, staff at the International Study Center
produced drafts of all the background questionnaires during the period of
June through September 2001. The drafts were sent to members of the Ques-
tionnaire Item Review Committee for their review.? The first meeting of the
Questionnaire Item Review Committee was held in October 2001 in Wash-
ington, D.C., at which the draft questionnaires were reviewed in detail. QIRC
members suggested many improvements, as well as ways to reduce response
burden by eliminating some questions thought to be less useful for reporting
purposes. Following this meeting, the suggested revisions were implemented,
and the revised drafts were submitted to further internal review at the ISC.
The draft questionnaires were then provided to NRCs for their review at the
Third TIMSS 2003 National Research Coordinators’ Meeting, held in Decem-
ber 2001 in Madrid, Spain. NRCs suggested a number of improvements to
the questionnaires that were to be field tested, and these revisions were
implemented by the ISC during January 2002, in preparation for the field
test. The field-test instruments were then provided to NRCs for translation,
production, and administration.*

The TIMSS 2003 field test was conducted during April through June
2002. One of the primary purposes of the field test was to check across par-
ticipating countries whether the questionnaires were appropriate for the
measurement purposes for which they were designed. Although the question-
naires were adapted from previous versions, because there were a number of
additions and refinements in the 2003 version it was necessary to field test
them.® In all, 20 out of 26 countries participated in the field test at the fourth
grade, and 41 of 48 countries participated at the eighth grade.

3 See Appendix A for a list of members of the Questionnaire Item Review Committee.
4 Please see Chapter 4 for more information about the translation and verification process.

5 The curriculum questionnaires were not administered in the field test.
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After administering the field test, countries prepared their data files
and sent them to the IEA Data Processing Center for checking and clean-
ing. After the field-test data were verified and transformed into the interna-
tional format, they were sent to the International Study Center for analysis,
and for review by the QIRC and NRCs. To facilitate review of the question-
naire data, the ISC prepared three data almanacs each for fourth and eighth
grades, one for the school questionnaire, one for the teacher questionnaire,
and one for the student questionnaire. For every country that participated,
each almanac displayed student-weighted distributions of responses to each
item in the questionnaires. For categorical variables, the weighted percent-
age of respondents choosing each option was shown together with the cor-
responding average student achievement in mathematics and science. For
questions with numeric responses, the mean, mode, and selected percentiles
were given. The almanacs were the basic data summaries that were used by
ISC staff, the QIRC, and NRCs in assessing the quality of the field-test instru-
ments and in making suggestions for the instruments to be used in the main
data collection.

The initial review of the field-test results was conducted by the Inter-
national Study Center in early July 2002. The questionnaire items were
reviewed in terms of how well they worked both across countries and within
individual countries. Based on this review, ISC staff made some improvements
to the school, teacher, and student questionnaires, upon consultation with
the QIRC. Also at this time, drafts of the curriculum questionnaires (which
were not field tested) were completed.

At its second meeting, in July 2002 in Amsterdam, QIRC members
reviewed the field-test results for the school, teacher, and student question-
naires, examining the statistics for each item and determining if there were
any anomalies. Items that did not work well were deleted. The committee
also discussed potential improvements suggested by the ISC, suggested modi-
fications to some items, and arrived at a set of recommended changes to be
brought before NRCs at their next meeting. The QIRC also proposed some
refinements to the draft curriculum questionnaires.

During the latter half of July 2002, staff at the International Study
Center prepared draft instruments for the main survey and documented the
recommended changes from the field-test version for review by NRCs at the
Fifth TIMSS 2003 National Research Coordinators” Meeting, held in late July
and early August 2002 in Tunis, Tunisia. The draft instruments were well
received and widely discussed by NRCs, who recommended a number of
additional improvements. A substantial organizational change was made to
the fourth grade teacher questionnaire, to facilitate data collection in coun-
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tries where mathematics and science at fourth grade were taught by different
teachers. Immediately after the NRC meeting, ISC staff finalized the instru-
ments, and these were provided to NRCs during the latter part of August,
for translation, production, and administration in the main TIMSS 2003 data
collection, which was held during September through November 2002 in
southern hemisphere countries and during February through July 2003 in
northern hemisphere countries.

3.3.2 Content of the Background Questionnaires

The curriculum, school, teacher, and student questionnaires used in TIMSS
2003 were developed from the TIMSS 1999 questionnaires. While most of
the questions were thematically similar in both assessments, some ques-
tions from 1999 were eliminated, some were modified with the intention
of refining them, and some new questions were introduced in 2003, either
as replacements for eliminated items or to provide additional information in
areas deemed important to the study. In general, every effort was made to
streamline the questionnaires in order to limit response burden. Based upon
the guidelines specified in the contextual framework, new emphasis was
placed upon the areas of teacher preparation and professional development,
and the access to and use of technology for teaching and learning.

The organization of the questionnaires was improved so that the ques-
tions were more clearly organized into logical blocks, each with a heading.
The design and layout also was improved to make the questionnaires easier
to complete, especially where filter questions were used. Parallel questions
were used in different questionnaires to measure the same constructs from
different sources, and wherever possible the wording of such questions was
identical. Questions that addressed the focus areas of teacher preparation and
professional development, and use of technology for teaching and learning,
were included in the four different questionnaire types.

The content of the TIMSS 2003 background questionnaires used to
collect information about the contexts for learning mathematics and science
is described below.

3.3.2.1 Curriculum Questionnaire

The fourth- and eighth-grade curriculum questionnaires for mathematics and
science were addressed to National Research Coordinators, who were asked to
supply information about their nation’s mathematics and science curricula in
the target grades, drawing on the expertise of curriculum specialists in their
countries. The curriculum questionnaires were designed to collect basic infor-
mation about the organization of and support for the intended mathematics
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and science curriculum in each country, and whether the mathematics and
science topics included in the TIMSS 2003 assessment were included in the
country’s intended curriculum through the target grade. The four versions
of the curriculum questionnaire were the same in structure and very similar
in content, with the mathematics and science versions tailored to the subject
matter and grade level wherever necessary. One notable difference was that
the eighth-grade science curriculum questionnaire included a question asking
whether eighth-grade science was taught as a single integrated subject or as
separate science subjects.

Some of the central questions addressed in the curriculum question-
naire included:

e Is there a national curriculum in mathematics/science at the target
grade?

e Does the country administer public examinations in mathematics/science
that have consequences for individual students?

e What methods are used to support and monitor implementation of the
national mathematics/science curriculum?

e How does the national curriculum address the issue of students with dif-
ferent levels of ability?

¢ What aspects of the teaching and learning of mathematics/science are
emphasized in the national curriculum?

¢ What are the requirements for becoming a mathematics/science teacher,
and is there a process to license or certify teachers?

e Are the topics included in the TIMSS 2003 assessment included in the
national curriculum, and if so, for what proportion of students, and at what
grades are the topics intended to be taught?

The complete contents of the TIMSS 2003 mathematics and science
curriculum questionnaires at fourth and eighth grades are described in
Exhibit 3.1.

3.3.2.2 School Questionnaire

The fourth- and eighth-grade school questionnaires were to be completed by
the school principal or headmaster of each school sampled for the study. They
were designed to collect information concerning some of the major factors
thought to influence student achievement in mathematics and science. The
fourth- and eighth-grade versions of the school questionnaire are nearly iden-
tical, although two of the questions are tailored to the appropriate grade. The
school questionnaire was designed to be completed in about 30 minutes.
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Exhibit 3.1 Content of the TIMSS 2003 Mathematics and Science Curriculum
Questionnaires at the Eighth and Fourth Grades

Item Number

Mathematics Mathematics Science  Science Item Content Description
Grade 8 Grade 4 Grade 8 Grade 4
1 1 1 1 National Whether the country has a national
curriculum mathematics/science curriculum at the

target grade, the year introduced, and
whether under revision

- - 2 - Separate sciences  Whether science is taught as separate
subjects by eighth grade, and the spe-
cific subjects and grades taught

2 2 3 2 Public examina- Whether the country administers public
tions examinations in mathematics/science
that have consequences for individual
students, the authority that administers
such examinations, and the grades at
which they are given

3 3 4 3 Methods used to ~ Whether the country uses various
help implement the methods to help monitor implementa-
national curriculum tion of the national mathematics/sci-

ence curriculum at the target grade

4 4 5 4 Specification of Whether the national curriculum speci-
instructional time  fies the percentage of instructional time
intended to be devoted to mathemat-
ics/science at various grades, and the
percentage of time designated

5 5 6 5 Differentiation of ~ How the national mathematics/science
the curriculum curriculum at the target grade address-
es the issue of students with different
levels of ability

6 6 7 6 Emphasis on How much emphasis the national math-
approaches and ematics/science curriculum at the tar-
processes get grade places on various approaches

and processes

7 7 - - Policy on Whether the national mathematics cur-
calculator use riculum contains statements/policies
on the use of calculators at the target
grade, and a brief description of such

policies
- - 8 7 Policy on emphasis  Whether the national science curricu-
given scientific lum contains statements/policies about
inquiry the emphasis that should be placed on

scientific inquiry at the target grade,
and a brief description of such policies

8 8 9 8 Policy on Whether the national mathematics/sci-
computer use ence curriculum contains statements/
policies on the use of computers at the
target grade, and a brief description of
such policies
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Exhibit 3.1 Content of the TIMSS 2003 Mathematics and Science Curriculum
Questionnaires at the Eighth and Fourth Grades (..continued)

Item Number
Mathematics Mathematics Science Science Item Content Description
Grade 8 Grade 4 Grade 8 Grade 4
9 9 10 9 Preparation of Whether mathematics/science teach-
teachers in how to  ers at the target grade receive specific
teach the intended preparation in how to teach the intend-
curriculum ed curriculm as part of their pre-service
or in-service education, and a brief
description of such preparation
10 10 1 10 Teaching require- ~ Whether mathematics/science teachers
ments at the target grade must fulfill various
requirements in order to teach
n n 12 n Licensure process ~ Whether there is a process to license or
certify mathematics/science teachers
at the target grade, and what entity
licenses the teachers
12 12 13 12 The teaching of the Whether the TIMSS mathematics/sci-

TIMSS topics ence topics are included in the national
curriculum through the target grade,
the proportion of students intended to
be taught the topics, and the grade(s)
at which the topics are intended to be
taught

Some of the main questions addressed in the school questionnaire
were:

e What is the school climate like?

¢ What are the school’s expectations of parents?

e How does the school organize mathematics/science instruction for students
with different levels of ability?

e How difficult was it to fill mathematics/science teaching vacancies, and
were any incentives used to recruit or retain teachers?

¢ What types of professional development activities did mathematics/science
teachers engage in?

e How safe is the school environment?

e Is the school’s capacity to provide instruction affected by a shortage of
various resources?

¢ What is the availability of computers for educational purposes in the school,
and how many have access to the Internet?

The complete contents of the TIMSS 2003 school questionnaires at
fourth and eighth grades are described in Exhibit 3.2.
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Exhibit 3.2  Content of the TIMSS 2003 School Questionnaires at the Eighth and Fourth
Grades

Item Number

80

Item Content

Description

Grade 8 Grade 4
1 1 Grade levels Grade range of the school
2 2 Enrollment Total school enrollment in all grades and in the target
grade
3 3 Community size Size of the community in which the school is located
4 4 Absenteeism Percentage of students absent from school on a typical
school day
5 5 Stability/ mobility of stu- Percentage of students enrolled at the beginning of the
dent body school year who were still enrolled at the time of testing,
and percentage of students who enrolled after the begin-
ning of the school year
6 6 Students' background Percentage of students who come from economically
disadvantaged or affluent homes, and percentage of stu-
dents whose native language is the language of the test
7 7 School climate Principal's perception of teachers' job satisfaction and
expectations for student achievement; of parental sup-
port and involvement; and of students' regard for school
property and desire to do well in school
8 8 Principal's experience Number of years as a principal of this school
9 9 Principal's time allocation ~ Percentage of time principal spends on various activities
across the school year
10 10 Parental involvement Whether the school expects parents to participate in vari-
ous activities
1 1 Instructional time Number of days per year and days per week the school is
open for instruction, and number of hours of instructional
time in a typical day
12 12 Differentation of math- How the school organizes mathematics instruction for
ematics curriculum students with different levels of ability
13 13 Tracking in mathematics Whether the students are grouped by ability in their
mathematics classes
14 14 Enrichment/ remedial Whether the school offers enrichment and remedial
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Exhibit 3.2  Content of the TIMSS 2003 School Questionnaires at the Eighth and Fourth
Grades (...Continued)
Item Number
Item Content Description
Grade 8 Grade 4
15 15 Differentiation of science How the school organizes science instruction for students
curriculum with different levels of ability
16 16 Tracking in science Whether the students are grouped by ability in their sci-
ence classes
17 17 Enrichment/ remedial Whether the school offers enrichment and remedial
science courses in science
18 18 Teacher vacancies Difficulty in filling teacher vacancies in mathematics, sci-
ence, and computer science/information technology (4th
grade version does not ask about specific subjects)
19 19 Incentives for teachers Whether the school uses incentives to recruit or retain
teachers in mathematics, science, and/or other subjects
(4th grade version does not ask about specific subjects)
20 20 Professional development  Frequency with which teachers participated in various
types of professional development activities during the
school year
21 21 Teacher evaluation Whether the school uses various procedures in evaluating
mathematics and science teachers
22 22 Student behavior Frequency and severity of various problematic student
behaviors occurring in the school
23 23 Instructional resources Degree to which the school's capacity to provide instruc-
tion is affected by shortages or inadequacy of various
resources
24 24 Computers Number of computers available for educational purposes,
and proportion of computers with access to the Internet
25 25 Technology support Whether there is anyone available to help teachers use

3.3.2.3 Teacher Questionnaire
The teacher questionnaires were designed to gather information about the
classroom contexts for the teaching and learning of mathematics and science,
and about the implemented curriculum in these subjects. For each participat-
ing school at the fourth grade, there was one teacher questionnaire addressed
to the classroom teacher of the sampled class. At eighth grade, for each
sampled school a single mathematics class was sampled for the TIMSS 2003
assessment.® The mathematics teacher of that class was asked to complete a
mathematics teacher questionnaire, and the science teacher(s) of the students

information and communication technology for teaching
and learning, and description of that person

6 In some circumstances it was necessary to sample two classes to yield the desired sample size. Please see Chapter 5 for
more information on sample design.

TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE 81



CHAPTER 3: DEVELOPING THE TIMSS 2003 BACKGROUND QUESTIONNAIRES

82

in that class was asked to complete a science teacher questionnaire, which
paralleled that for the mathematics teacher. Although the general background
questions were essentially the same for all versions, questions pertaining to
instructional practices, content coverage, and teachers’ views about teach-
ing the subject matter were tailored toward mathematics or science. Many
questions, such as those related to classroom characteristics and activities,
and homework and assessment, were answered with respect to the specific
classes of the sampled TIMSS students. Because the fourth- and eighth-grade
versions of the teacher questionnaire were designed to be similar in length,
and because the fourth-grade version included questions about both math-
ematics and science, some questions had to be eliminated or shortened in the
fourth-grade version.

Some of the primary questions addressed in the teacher question-
naire were:

e What is teachers’ educational background, and do they have a teaching
license or certificate?

e How many years of pre-service teacher training did teachers have, and how
many years have they been teaching?

e How ready do teachers feel they are to teach various topics at the target
grade?

e What types of professional development have teachers participated in?

e What is the teaching load of teachers, and how do they spend their time
both during and outside the formal school day (eighth grade only)?

e What are teachers” attitudes toward teaching the subject matter, and their
perceptions regarding school climate and school safety?

e What instructional activities are provided to the students in the TIMSS
class, and how do the students spend their time during their mathematics
and science lessons?

e Do various student- and resource-related factors limit how teachers instruct
the students in the TIMSS class (eighth grade only)?

e What percentages of time are devoted to the various mathematics and
science content areas in teaching the TIMSS class?

e When have the students in the TIMSS class been taught the topics included
in the TIMSS 2003 assessment?

¢ Do students have calculators available to them, and how do they use them
(mathematics only)

e Do students have computers available to them, and how do they use
them?

e How much homework is assigned to students?
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e How often are students given a test or examination, and what types of
questions are included (eighth grade only)?

The TIMSS 2003 teacher questionnaires were designed to take about
45 minutes to complete. The complete contents of the TIMSS 2003 teacher
questionnaires are described in Exhibit 3.3 for the eighth grade and in Exhibit
3.4 for the fourth grade.

3.3.2.4 Student Questionnaire

Each student in the sampled fourth- and eighth-grade TIMSS classes com-
pleted a student questionnaire, which sought information about the student’s
home background and resources for learning, their attitudes about mathemat-
ics and science, and their experiences in learning these subjects. The fourth-
and eighth-grade versions of the student questionnaire were thematically and
organizationally similar to each other. Some questions were identical in the
two versions, while for other questions the language was simplified in the
fourth-grade version or the specific content of the question was altered to be
appropriate to the fourth grade. The fourth-grade questionnaire was shorter
in length than the eighth-grade version.

As in TIMSS 1999, two versions of the eighth-grade questionnaire
were used, a general science version intended for countries where eighth-grade
science is taught as a single integrated subject, and a separate science subjects
version intended for countries where eighth-grade science is taught as separate
subject (e.g., biology, earth science, chemistry, physics); countries administered
the version that was consistent with the way in which science instruction was
organized at the eighth grade. In the general science version, science-related
questions pertaining to students” attitudes and classroom activities were based
on single questions asking about “science,” to which students were to respond
in terms of the “general or integrated science” course they were taking. In
the separate science subjects version, the same questions were asked about
each science subject area, and students were to respond with respect to each
science course they were taking. This structure accommodated the diverse
systems that participated in TIMSS. Although the two versions differed with
respect to the science questions, the general background and mathematics-
related questions were identical across the two forms.

The student questionnaire was designed to gather information on
some of the major factors thought to influence student achievement in math-
ematics and science. Some of the central questions addressed in the student
questionnaire included:

¢ What are students’ general demographic backgrounds — age, gender, native
language, country of origin, household size?
¢ What are the resources for learning in the students” homes?
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e What is the educational attainment of the students’ parents, and what are
the students” own educational aspirations?

e What is students’ affinity for learning mathematics and science, and how
do they perceive success in and the utility of learning mathematics and
science?

e What types of learning activities do students engage in in their mathematics
and science lessons?

e Do students use a computer, where, and for what learning activities?

e What are students’ perceptions about school climate and school safety?

¢ How do students spend their time outside of school?

e How much homework do students do?

The TIMSS 2003 student questionnaires were designed to take about
30 minutes to complete. The complete contents of the TIMSS 2003 student
questionnaires are described in Exhibit 3.5 for the eighth grade and in Exhibit
3.6 for the fourth grade.
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Content of the TIMSS 2003 Mathematics and Science Teacher Questionnaires
at the Eighth Grade

Item Number

Mathematics
Teacher
Questionnaire

1
2

3

20

21

Science
Teacher
Questionnaire

1
2

3

"

12

13

14

15

16

17

18

19

20

21

Item Content

Age
Gender
Teaching
experience

Formal education

Teacher training

Major area of
study

Teaching
requirements

Teaching license

Preparation to
teach

Teaching load

Extra working
time

Teacher
interactions

Professional
development

Attitudes toward
subject

School setting

School climate

Class size
Time spend
teaching subject

Textbook

Student learning
activities
Content-related
activities

Description

Teacher's age
Teacher's gender

Number of years as a teacher

Highest level of formal education completed by the
teacher

Number of years of pre-service teacher training com-
pleted by the teacher

Teacher's major area of study during post-secondary
education

Requirements the teacher had to satisfy in order to
become a teacher

Whether the teacher has a teaching license or certifi-
cate, and the type of license

How ready the teacher feels to teach the topics included
in the TIMSS mathematics/science test

Number of periods for which the teacher is formally
scheduled per week for various activities, and number of
minutes in a period

Number of hours teacher spends on teaching-related
activities outside the formal school day

Frequency of various types of interactions the teacher
has with colleagues

Whether the teacher participated in various types of
professional development activities

Teacher's beliefs about the nature of mathematics/sci-
ence and how the subject should be taught.

Teacher's perceptions about the adequacy of the school
facility and about school safety

Teacher's perception of teachers' job satisfaction and
expectations for student achievement; of parental sup-
port and involvement; and of students' regard for school
property and desire to do well in school

Number of students in the sampled class

Minutes per week the teacher teaches mathematics/sci-
ence to the sampled class

Whether a textbook(s) is used as a primary or
supplementary resource

Percentage of time students spend doing various learn-
ing activities in a typical week

Frequency with which the teacher asks students to do
various content-related activities in mathematics/science
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Exhibit 3. 3

Content of the TIMSS 2003 Mathematics and Science Teacher Questionnaires

at the Eighth Grade (..continued)

Item Number

Mathematics
Teacher
Questionnaire

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Science
Teacher
Questionnaire

22

23

24

25

26

27

28

29

30

31

32

33

34

Item Content

Factors limiting
teaching

Emphasis on
content areas

Topic coverage

Calculator use
policy
Calculator
availability

Graphing calcu-
lator availability

Calculator use

Calculators in
test/exams

Computer
availability

Computer use

Homework

Frequency of
homework

Amount of
homework

Type of
homework

Use of home-
work

Assessment

Question format

Type of
questions

Description

Extent to which the teacher perceives various student
and resource factors to limit teaching

Percentage of time spent on mathematics/science con-
tent areas over the course of the year

When the students were taught the TIMSS mathemat-
ics/science topics, by content area

Whether the students are permitted to use calculators
during mathematics lessons

Proportion of students that have access to calculators
during mathematics lessons

Proportion of students that have access to graphing cal-
culators during mathematics lessons

Frequency with which the students use calculators for
various learning activities

How often the students are allowed to use calculators
during tests or examinations

Whether the students have access to computers during
mathematics/science lessons and whether computers
have access to Internet

Frequency with which the students use computers for
various learning activities

Whether the teacher assigns mathematics/science
homework

How often the teacher assigns mathematics/science
homework

Number of minutes it would take an average student to
complete a mathematics/science homework assignment

Frequency with which the teacher assigns various types
of homework

How often the teacher uses mathematics/science
homework for various purposes

Frequency with which the teacher gives a mathematics/
science test or examination

Item formats the teacher typically uses in mathematics/
science tests or examinations

Types of questions the teacher uses in mathematics/
science tests or examinations
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Exhibit 3.4  Content of the TIMSS 2003 Teacher Questionnaire at the Fourth Grade
Item Item Content Description
Number P
1 Age Teacher's age
2 Gender Teacher's gender
3 Teaching experience Number of years as a teacher
4 Formal education Highest level of formal education completed by the teacher
5 Teacher training Number of years of pre-service teacher training completed by the
teacher
6 Major area of study Teacher's major area of study during post-secondary education
7 Teaching requirements Requirements the teacher had to satisfy in order to become a teacher
- Whether the teacher has a teaching license or certificate, and the type
8 Teaching license .
of license
Teacher's perception of teachers' job satisfaction and expectations for
9 School climate student achievement; of parental support and involvement; and of stu-
dents' regard for school property and desire to do well in school
10 School setting Teacher's perceptions about the adequacy of the school facility and
about school safety
1 Teacher interactions Frequency of various types of interactions the teacher has with col-
leagues
1 Preparation to teach How ready the teacher feels to teach the topics included in the TIMSS
mathematics mathematics test
13 Professional development ~ Whether the teacher participated in various types of professional
in mathematics development activities for mathematics teaching
. . Number of students in the sampled class for mathematics, and number
14 Mathematics class size .
of those in the fourth grade
15 Time spend teaching Minutes per week the teacher teaches mathematics to the sampled
mathematics class
16 Mathematics textbook }Nhether a textbook(s? is used as a primary or supplementary resource
in teaching mathematics
17 Student learning activi- Percentage of time students spend doing various learning activities in
ties in mathematics a typical week of mathematics lessons
. Whether the students are permitted to use calculators during math-
18 Calculator use policy .
ematics lessons
19 Calculator availability Propqrtlon of students that have access to calculators during math-
ematics lessons
20 Calculator use Fre_qt_Je_ncy with which the students use calculators for various learning
activities
. How often the students are allowed to use calculators during tests or
21 Calculators in test/exams o
examinations
2 Computer availability for ~ Whether the students have access to computers during mathematics
mathematics lessons and whether computers have access to the Internet
23 Computer use in math- Frequency with which the students use computers for various learning

ematics

activities in mathematics
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Exhibit 3.4  Content of the TIMSS 2003 Teacher Questionnaire at the Fourth Grade
(...Continued)
Item Item Content Description
Number P
2% Mathematics content- Frequency with which the teacher asks students to do various content-
related activities related activities in mathematics
25 Emphasis on mathemat- Percentage of time spent on mathematics content areas over the
ics content areas course of the year
2% Mathematics topic cov- When the students were taught the TIMSS mathematics topics, by
erage content area
27 Mathematics homework ~ Whether the teacher assigns mathematics homework
F f math t- . .
28 rrequency of mathema How often the teacher assigns mathematics homework
ics homework
29 Amount of mathematics Number of minutes it would take an average student to complete a
homework mathematics homework assignment
30 Preparation to teach How ready the teacher feels to teach the topics included in the TIMSS
science science test
31 Professional development ~ Whether the teacher participated in various types of professional
in science development activities for science teaching
. . Number of students in the sampled class for science, and number of
32 Science class size .
those in the fourth grade
Time spend teaching . .
33 ccience Minutes per week the teacher teaches science to the sampled class
34 Science textbook }Nhether a tex.tbook(s) is used as a primary or supplementary resource
in teaching science
38 Student learning activi- Percentage of time students spend doing various learning activities in
ties in science a typical week of science lessons
35 Computer availability for ~ Whether the students have access to computers during science lessons
science and whether computers have access to the Internet
L Frequency with which the students use computers for various learning
36 Computer use in science S
activities in science
37 Science content-related Frequency with which the teacher asks students to do various content-
activities related activities in science
39 Preparation to teach How ready the teacher feels to teach the topics included in the TIMSS
science science test
40 Science homework Whether the teacher assigns science homework
F f sci . .
4 requency of science How often the teacher assigns science homework
homework
0 Amount of science home-  Number of minutes it would take an average student to complete a

work

TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE

science homework assignment



CHAPTER 3: DEVELOPING THE TIMSS 2003 BACKGROUND QUESTIONNAIRES

Exhibit 3.5 Content of the TIMSS 2003 Student Questionnaire at the Eighth Grade

Item Number

General Separate inti
: science Item Content Description
science -
. subjects
version -
version
1 1 Age Month and year of student's birth
2 2 Gender Student's gender
3 3 Language Student's frequency of use of the language of the test at home
4 4 Books in the Number of books in the student's home
home
5 5 Home Educational resources and general possessions in the
possessions student's home
6 6 Parent§ Highest level of education completed by mother and father
education
Educational .
7 7 . Level of education the student expects to complete
expectations
3 3 Liking math- How much the student likes and feels competent at
ematics mathematics
Valuing math- . .
9 9 . Importance and value the student attributes to mathematics
ematics
szarplng activi- Frequency with which student does various learning activities in
10 10 ties in math- .
) mathematics lessons
ematics
" - Liking science How much the student likes and feels competent at science
12 - Valuing science  Importance and value the student attributes to science
13 i Learning activi-  Frequency with which student does various learning activities in
ties in science science lessons
- " Study biology Whether the student is studying biology this year
- 12 Liking biology How much the student likes and feels competent at biology
- 13 Valuing biology ~ Importance and value the student attributes to biology
i 1 Learning activi-  Frequency with which student does various learning activities in
ties in biology biology lessons
- 15 Stgdy earth Whether the student is studying earth science this year
science
i 16 Liking earth How much the student likes and feels competent at
science earth science
Valuing earth . .
- 17 . Importance and value the student attributes to earth science
science
szarplng activi- Frequency with which student does various learning activities in
- 18 ties in earth .
- earth science lessons
science
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Exhibit 3.5 Content of the TIMSS 2003 Student Questionnaire at the Eighth Grade

(...Continued)

Item Number

90

General Separate L
] science Item Content Description
science :
X subjects
version -
version
- 19 Study chemistry ~ Whether the student is studying chemistry this year
- 20 Liking chemistry ~ How much the student likes and feels competent at chemistry
- 21 Valun.lg Importance and value the student attributes to chemistry
chemistry
i 2 Learning activi-  Frequency with which student does various learning activities in
ties in chemistry  chemistry lessons
- 23 Study physics Whether the student is studying physics this year
- 24 Liking physics How much the student likes and feels competent at physics
- 25 Valuing physics  Importance and value the student attributes to physics
i 2% Learning activi-  Frequency with which student does various learning activities in
ties in physics physics lessons
Whether student uses a computer, where uses it, and frequency
14 27 Computers with which student uses a computer for various educational
activities
Student's affinity for school, and perception of other students'
15 28 School climate motivation in school and teachers' expectations and care of
students
16 29 Safety in school W_hether tf_le student experienced being the object of problem-
atic behaviors by other students
17 30 Out-of-school Frequency with which student does various non-academic
activities activities and homework outside of school
18 31 Extra lessons/ Frequency of extra lessons or tutoring in mathematics
tutoring and science
19 32 Mathematics Frequency and amount of mathematics homework
homework
20 32 Svc(l)erlece home- Frequency and amount of science homework
21 33 Persons living in Number of people living at home
home
Parents born in .
22 34 Whether mother and father were born in country
country
23 35 Student bornin  Whether student was born in country, and if not age at which
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Exhibit 3.6  Content of the TIMSS 2003 Student Questionnaire at the Fourth Grade
Item -
Number Item Content Description
1 Age Month and year of student's birth
2 Gender Student's gender
3 Language Student's frequency of use of the language of the test at home
4 Books in the home Number of books in the student's home
5 Home possessions Educational resources and general possessions in the student's home
6 Liking mathematics How much the student likes and feels competent at mathematics
7 Learning activities in  Frequency with which student does various learning activities in
mathematics mathematics lessons
8 Liking science How much the student likes and feels competent at science
9 Learning activities in  Frequency with which student does various learning activities in
science science lessons
Whether student uses a computer, where uses it, and frequency with which
10 Computers ) . S
student uses a computer for various educational activities
. Student's affinity for school, and perception of other students' motivation in
" School climate \ )
school and teachers' expectations and care of students
2 Safety in school Whether the student experienced being the object of problematic behaviors
by other students
13 Out-of-school activi-  Frequency with which student does various non-academic activities and
ties homework outside of school
14 Extra lessons Frequency of extra lessons or tutoring in mathematics and science
15 vl\;ls;(lr(\ematlcs home- Frequency and amount of mathematics homework
16 Science homework Frequency and amount of science homework
17 Persons living in Number of people living at home
home
Parents born in .
18 Whether mother and father were born in country
country
19 Student born in Whether student was born in country, and if not age at which student
country emigrated
References
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Chapter 4

Translation and Cultural Adaptation
of the TIMSS 2003 Instruments

Steven J. Chrostowski and Barbara Malak

4.1 Overview

The TIMSS 2003 data collection instruments (achievement tests and back-
ground questionnaires) were developed and prepared in English by the
TIMSS & PIRLS International Study Center (ISC) at Boston College, with
contribution from the National Research Coordinators (NRCs) of participating
countries. The assessment instruments were subsequently translated by the
participating countries into their local languages of instruction, 34 in total. Of
the 49 countries and four Benchmarking participants in the TIMSS 2003 data
collection, 17 collected data in two languages and one in three languages. The
most common languages of testing were English (18 countries) and Arabic
(10 countries).

The translation process was designed to ensure standardization of
instruments across countries. Each country was expected to follow procedures
established by the ISC for translating the test instruments into the national
language and cultural context. These guidelines were provided to all NRCs
in the TIMSS 2003 Survey Operations Manual (TIMSS, 2002a), and were further
elaborated and discussed at relevant NRC meetings.

Before the translated instruments were administered to students, they
went through a rigorous process of translation verification and review to
ensure that they were translated accurately and were internationally compa-
rable. This process was managed by the IEA Secretariat in Amsterdam. As a
critical part of the translation verification process, the translated instruments
for each country were checked by independent verifiers against the TIMSS
2003 international version to assess the comparability of translation. Verifiers

TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE

93



CHAPTER 4: TRANSLATION AND CULTURAL ADAPTATION OF THE TIMSS 2003 INSTRUMENTS

94

reviewed the translated instruments and documented any deviations from
the international version. National Research Coordinators received a Trans-
lation Verification Report that identified corrections or improvements con-
sidered necessary by the verifiers. When all necessary corrections had been
implemented by NRCs, the International Study Center reviewed the revised
instruments, suggested additional improvements, and gave final approval to
the countries to print and administer the materials.

Translation verification was conducted both for the TIMSS 2003 field
test and the main data collection.! For the achievement tests, the bulk of the
translation effort took place prior to the field test, as there were few changes
to the test items selected from the field test for use in the main data collec-
tion. The background questionnaires, however, were substantially revised
after the field test and therefore required a second major translation effort.
For the 44 participants in the field test, verification was conducted at both
stages of the study. This allowed these countries to practice the translation
procedures prior to the main data collection. It also gave them an additional
opportunity to check the translations of items used in both the field test and
main data collection.

All countries that participated in TIMSS 2003 submitted their most
important instruments for translation verification. However, some coun-
tries did not submit for verification instruments in languages which were
administered to a very small proportion of the sample. Such countries,
however, used instruments that were translated and verified for another
country (for example, Egypt used Lebanon’s French and English instru-
ments in a few schools).

4.2 Translation of Instruments

The TIMSS 2003 survey translation guidelines called for two independent
translations of each test instrument from English to the target language. A
translation review team then reviewed and compared the two translations to
arrive at a final version of the translated instruments.

The prescribed translation procedure at the National Research Centers
included the following steps:

1. Identify the target language(s), i.e. the language(s) of instruction.
. Identify translators for two independent translations.

. Translate instruments and adapt as necessary.

. Confer and reconcile the two independent translations.

. Document all cultural adaptations.

Ul R WN

1 The TIMSS 2003 field test was conducted during April-June 2002, and the main data collection was conducted during Sep-
tember-November 2002 for southern hemisphere countries and February-July 2003 for northern hemisphere countries.
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In practice, because of scarcity of resources and/or time allotted for
translation, several countries used only one person to translate the instru-
ments, often the NRC, who generally was the person most competent for
this task.

4.2.1 Instruments To Be Translated

Each country had to translate the following materials into the language of
instruction at each grade:

e 14 blocks of mathematics achievement items and 14 blocks of science
achievement items (see next section);

¢ the student directions for the assessment;

¢ the background questionnaires — Student Questionnaire, Teacher Question-
naire, and School Questionnaire;?

¢ the School Coordinator Manual;

¢ the Test Administrator Manual, including the Test Administration Form;
and

¢ the Scoring Guides for the Constructed-Response Items.

Countries testing in English did not have to translate the instru-
ments, but were required to adapt the American-English of the originals to
the vernacular, and make whatever adaptations were necessary for cultural
reasons. The mathematics and science tests and the background question-
naires underwent the translation verification process, whereas the manuals
and scoring guides did not. The International Study Center provided each
country with electronic files containing all of the material to be translated
to facilitate the translation.

4.2.2 Identification of the Target Language

Each NRC identified the language or languages to be used for testing (see
Exhibit 4.1) and the geographical or political areas associated with them. If a
single translation was prepared within a country, translators needed to ensure
that the translation was acceptable to all of the dialects of the language in
which the assessment was to be administered. Professionals from these dia-
lects were to be involved in adapting the instruments and testing materials.

2 At the eighth grade only, there are different versions of the student questionnaire for countries that teach science as a
single general/integrated subject and for countries that teach science as separate subjects at the eighth grade, and there
are separate versions of the teacher questionnaire for mathematics and science teachers.
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Exhibit 4.1 TIMSS 2003 Translation Verification
Country Grade 8 Grade4  Language(s) of Test Materials Verified
Argentina v Spanish Ad.apted Chilean version of test booklets and question-
naires
Armenia v v Armenian Translated test booklets and questionnaires
Australia v v English Adapted international English version of full set of
instruments
Bahrain v Arabic, English Adaptgd Egyptian Arabic version of booklets and ques-
tionnaires
Belgium (Flemish) v v Dutch Translated full set of instruments
Botswana v English Translated full set of instruments
Bulgaria v Bulgarian Translated full set of instruments
Chile v Spanish Translated full set of instruments
Chinese Taipei v v Chinese Translated full set of instruments
Cyprus v v Greek Translated full set of instruments
Eqypt v Arabic, English, French Transllated Arab|c version of test booklets and
questionnaires
England v v English Adapt.ed |nFernat|onaI English version of test items and
questionnaires
Estonia v Estonian, Russian Translated full set of instruments in both languages
Ghana v English Adapted international English version of full set of
instruments
Hong Kong, SAR v v Chinese, English (grade 8 Trapslated full set ofllnstrum.ents in Chln.ese apd adapt-
only) ed international English version of questionnaires
Hungary v v Hungarian Translated full set of instruments
Indonesia v Indonesian Translated full set of instruments
Iran, Islamic Rep. of v v Farsi Translated full set of instruments
Translated full set of instruments in Hebrew, translated
. test blocks, test booklets, and student questionnaire in
Israel v Hebrew, Arabic : . : L
Arabic (teacher and school questionnaires not adminis-
tered in Arabic)
Italy v v Italian Translated full set of instruments
Japan v v Japanese Translated full set of instruments
Jordan v Arabic Translated full set of instruments
Korea, Rep. of v Korean Translated full set of instruments
Latvia v v Latvian, Russian Translated full set of instruments in Latvian
Lebanon v French, English Tran.slated French and adapted |nte.rnat|c?nal English
versions of test booklets and questionnaires
Lithuania v v Lithuanian Translated full set of instruments
Macedonia, Rep. of v Macedonian, Albanian Translated full set of instruments in both languages
Malaysia v Malay Translated full set of instruments
Moldova, Rep. of v v Moldavian, Russian Adapted Romanian and Russian versions of test book-
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Exhibit 4.1 TIMSS 2003 Translation Verification (...continued)

Country Grade 8 Grade 4 Language(s) of Test Materials Verified

Morocco v 4 Arabic Translated test booklets and questionnaires

Netherlands v vV Dutch Translated full set of instruments
Adapted international English version of full set of

. . instruments, translated test blocks and student ques-

New Zealand v v English, Maori (grade 4 only) tionnaire in Maori (teacher and school questionnaires
not administered in Maori)

Norway v 4 Bokmal, Nynorsk Translated full set of instruments in both languages

Palestinian Nat'l Auth. v Arabic, English Adapt_ed Jo_rdanlan Arabic version of test blocks and
questionnaires

Philippines v v English _Adapted international English version of full set of
instruments

Romania v Romanian, Hungarian Translated full set of instruments in Romanian

Russian Federation v v Russian Translated full set of instruments

Saudi Arabia v Arabic Adaptgd Egyptian version of test booklets and ques-
tionnaires

Scotland v v English Adapt.ed |nFernat|onaI English version of test items and
questionnaires (tests same version as England)

Serbia v Serb Translated full set of instruments

Singapore v v English _Adapted international English version of full set of
instruments

Slovak Republic v Slovak, Hungarian Translated full set of instruments in both languages

Slovenia v v Slovene Translated full set of instruments

South Africa v English, Afrikaans Adapted international _Engllsh and translated Afrikaans
versions of full sets of instruments

Sweden v Swedish Translated full set of instruments

Syrian Arab Republic 4 Arabic Adapted Egyptian version of test booklets

Tunisia v v Arabic Translated test booklets and questionnaires

United States v v English Adapt.ed |nFernat|0naI English version of test items and
questionnaires

Yemen v Arabic Adapt.ed Egyptlan version of test booklets and
questionnaires

Benchmarking Participants

Basque Country, Spain v Basque, Castilian Translated full set of instruments in both languages

Indiana State, US v v English Adapt.ed |nFernat|0naI Eng.llsh version of test items and
questionnaires (same version as United States)

Ontario Province, Can. v v English, French Adapted international anllsh and translated French
versions of full sets of instruments

Quebec Province, Can. v v English, French Adapted international English and translated French

versions of full sets of instruments

Note: Full set of instruments consists of test blocks, test booklets, background questionnaires, and trend items if applicable.
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4.2.3 Identification of Translators for Two Independent Translations

Translators were expected to have an excellent knowledge of both English
and the target language and experience in the subject matter. For the achieve-
ment tests, the translation procedure required four translators for each target
language, two with expertise in mathematics education and two in science
education. Where subject matter experts were not available to act as transla-
tors, the translators were expected to work closely with subject matter spe-
cialists to ensure that the content and difficulty of the items did not change
as a result of the translation. If a country could not employ all the required
translators, the NRC played a major role in translating and/or verifying the
translation of the instruments.

Translators of general text materials (student, teacher, and school
questionnaires, and procedural manuals) did not need to be subject-matter
specialists, so only two translators were necessary for these documents.

4.2.4 Translation and Cultural Adaptation of Instruments

Translators were provided with guidelines and procedures to follow in trans-
lating the data collection instruments and adapting them to their national
cultural context. The guidelines were designed to yield translations that
were as close as possible to the international (English) version of the survey
instruments, while allowing for cultural adaptations where necessary. Trans-
lators were cautioned not to change the meaning or the difficulty level of an
achievement item during the translation process. The primary concern was
to convey the same meaning and style of the items as closely as possible to
the international version.

The translators’ tasks included:

¢ identifying and minimizing cultural differences;

¢ finding equivalent words and phrases;

e ensuring that the reading level was the same in the target language as in
the original international version;

e ensuring that the essential meaning of the text did not change;

e ensuring that the difficulty level of achievement items did not change;
and

¢ making changes in the instrument layout required due to translation.

As described in Chapter 2, the TIMSS 2003 assessment uses a matrix-
sampling technique that involves dividing the entire item pool into a set
of unique item blocks, distributing these blocks across a set of test book-
lets, and rotating the booklets among the students. To facilitate the creation
of the student booklets, the items in the assessment pool are first grouped
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into blocks of items. These then become the building blocks from which the
student booklets are assembled. The entire item pool at each grade is divided
into 14 blocks of mathematics items and 14 blocks of science items. The 28
blocks of items are distributed across 12 student booklets. To enable linking
between booklets, each block appears in two, three, or four different booklets.
Each student completes one booklet consisting of six blocks of mathematics
and science items. Translation of the assessment was based on blocks rather
than booklets. Countries translated each block once and entered the trans-
lated text into the electronic file for the appropriate test booklets.

Translators were permitted to adapt the text as necessary to make
unfamiliar contextual terms culturally appropriate. Acceptable adaptations
included changes in the names of seasons, people, places, animals, plants,
currencies, etc. Exhibit 4.2 shows a list provided to translators detailing the
types of adaptations that were acceptable.

Exhibit 4.2  Types of Acceptable Cultural Adaptations

Type of Change Specific Change from: Specific Change to:
decimal point decimal comma
Punctuation/Notation
place value comma space
centimeters inches
Units liters quarts
ml mL
Ottawa Oslo
Proper nouns
Mary Maria
robin kiwi
Common nouns
elevator lift
Spelling center centre
Verbs (not related to content) skiing sailing
Usage Bunsen burner hot plate

Translators were allowed to change terms and expressions that were
not familiar in their national culture, as long as the change would not affect
the substance of the item. It was important, however, that translators not
change any of the following when they modified the text of an item:

¢ the meaning of the item;
¢ the reading level of the text;
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e the difficulty level of the item; and
e the likelihood of another possible correct answer for the item.

Although item writers and reviewers attempted to write and select
items that would readily translate into the languages of the participating
countries, occasionally an item proved problematic for translators. In those
instances, the International Study Center was to be notified and a correspond-
ing statement was to be included in the NRC Survey Activities Report.

4.2.5 Review of Independent Translations for Consensus

After the two translations were completed, they were compared item by item,
and any differences were reconciled. In most cases, by discussing the differ-
ences in the translations of a particular item, the translators were able to agree
on the version that was most appropriate for the study. A third translation
expert was to be contacted if any disagreement in the translation remained.

4.2.6 Documentation of Cultural Adaptations

After a single translation had been agreed upon, the Cultural Adaptation
Form was used to record all adaptations made to the achievement and
questionnaire items during translation. The description of each adaptation
included the international (English) term, the translated term for test items
or the adapted term for questionnaire items, and an explanation of why that
term was used. Translators also noted if there were any other changes in the
translation. This documentation was used during translation verification, and
during the achievement item analysis and review where necessary, to evalu-
ate the quality of the translations.

4.3 Verification of Instrument Translations

Each translation went through a rigorous verification process that included
verification by an international translation company, review by the Inter-
national Study Center, verification of the item translations at the national
centers and a check by International Quality Control Monitors.

4.3.1 International Verification of the Translations

After the final translated version of each instrument was developed, the trans-
lation was checked through an external verification process. The IEA Secre-
tariat developed and managed the translation verification process working
closely with two international translating companies with reputations for
excellence, Bowne Global Solutions (formerly Berlitz), based in Luton,
England, and Capstan, based in Louvain-le-Neuve, Belgium. Bowne and
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Capstan staff were to document all errors and omissions and make sugges-
tions for improvements so that National Research Coordinators could revise
and improve their instruments.

Translators selected by Bowne and Capstan to serve as translation
verifiers for TIMSS were required to have first-language experience in the
target language, formal credentials as translators working in English, and to
live and work in the target country. When the last condition could not be
met, verifiers were expected to maintain close contact with the country and
its culture.

4.3.1.1 Submission of Instruments for Verification

NRCs were required to send (no later than six weeks before printing) the fol-
lowing instruments for each grade assessed to the IEA Secretariat in prepara-
tion for external translation verification:

¢ one copy of the test blocks of achievement items (14 blocks of mathematics
items and 14 blocks of science items) and the accompanying instructions
for students;

¢ one set of the assembled test booklets (booklets 1 through 12); and

e one copy of the student questionnaire, teacher questionnaire(s),> and
school questionnaire.

All countries that participated in the TIMSS 2003 data collection
submitted national versions of instruments for translation verification (see
Exhibit 4.1).

4.3.1.2 The Translation Verification Process

The primary task of translation verifiers was to evaluate the accuracy of the
translation and layout of the survey instruments. Verifiers were asked to
make recommendations for improvements in the translation, when necessary,
and also to alert the national centers to any deviation from the international
version in the layout of the translated instruments.

Verifiers were provided with general information about the study and
the design of the instruments. They also received materials describing the
translation procedures used by the national centers and cultural adaptations
deemed acceptable, along with detailed instructions for reviewing the instru-
ments.* The verification guidelines emphasized the importance of maintain-
ing the meaning, difficulty level, and format of each item while allowing for
cultural adaptations as necessary.

3 Asnoted above, at fourth grade there is one teacher questionnaire, and at eighth grade there are separate mathematics
and science teacher questionnaires.

4 Materials provided to verifiers included Guidelines for the Translation Verification of the TIMSS 2003 Main Survey Instru-
ments (TIMSS, 2001).
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Each verifier received a package consisting of:

¢ the international version of each survey instrument (test blocks, test book-
lets, and background questionnaires);

e a set of the translated national instruments to be verified, along with the
Cultural Adaptation Forms;

e a copy of the instructions given to the translators in each country;

e guidelines for translation verification, including instructions for verifying
the content and layout of the survey instruments and the instructions to
students;

e translation verification control forms to be completed for each instrument;
and

e translation verification report forms to be completed for each instrument.

For TIMSS 2003 countries that also participated in prior cycles of the
study, verifiers were responsible for ensuring that the translated version of
the trend items was identical to that administered in 1995 at fourth grade
and 1999 at eighth grade. Accordingly, verifiers reviewing instruments for
trend-study countries also received the following:

e the translated trend items used in that country in 1995 for fourth grade
and/or 1999 for eighth grade; and
e atrend item verification form.

In addition to receiving detailed written instructions, verifiers had the
opportunity to discuss with the IEA coordinator any problems they encoun-
tered while performing their task.

4.3.1.3 Translation Verification Reports

Two types of reports were written by the translation verifier to document
the verification process. First, the translation verifier completed a translation
verification control form for each instrument. This cover sheet served as a
checklist indicating which materials had been verified and whether or not
deviations were found in the instruments, and including the verifier’s opinion
about the general quality of the translation. Second, where in the judgment
of the verifier the translated version of an achievement or questionnaire item
deviated from the international version, the translation verifier completed a
translation verification report form with entries made indicating:

e the location of the translation deviation (page and item number);

¢ the severity of the deviation (using a severity code as defined below);
¢ a description of the change; and

¢ a suggested alternative translation.
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These records were used to document the quality of the translations
and the comparability of the testing materials in each country.

The severity codes ranged from 1 (serious error) to 4 (acceptable adap-
tation).> The severity codes were:

Code 1 - Major Change or Error: Examples include incorrect ordering of
choices in a multiple-choice item; omission of a graph; complete omission of
an item; incorrect translation of text such that the answer is indicated by the
question; an incorrect translation that changes the meaning or difficulty of
the question; incorrect ordering of the items or placement of the graphics.

Code 2 - Minor Change or Error: Examples include spelling errors that do
not affect comprehension; misalignment of margins or tabs; incorrect font or
font size; discrepancies in the headers or footers of the document.

Code 3 - Suggestions for Alternative: The translation may be adequate,
but the verifier suggests a different wording for the item.

Code 4 - Acceptable Changes: The verifier identifies changes that are
acceptable and appropriate adaptations of the item, e.g., where a reference
to winter is changed from January to July for the southern hemisphere.

The layout of the documents was also reviewed during the verification
process for any changes or deviations. Exhibit 4.3 details the layout issues that
were considered and checked for each survey instrument.

Exhibit 4.3 Layout Issues Considered in Verification

Layout Issues Verification Details

Instructions
Items

Response options
Graphics

Font

Word emphasis

Shading
Page and item identification

Pagination

Test items should not be visible when the test booklet was opened to the Instructions section.
All items should be included in the same order and location as in the international version.
Response options should appear in the same order as in the international version.

All graphics should be in the same order and modifications should be limited to necessary
translation of text or labels.

Font and font size should be consistent with the international version.

Word emphasis should remain the same as in the international version. If the form of empha-
sis was not appropriate for the given language, an acceptable alternate form of emphasis
should have been used (e.g., italics instead of capital letters).

Items with shading should be clear and text legible.
Headers and footers that include booklet, page, and item identification should be present.

Page breaks should correspond with the international version of the instruments.

5 When in doubt as to the severity of the deviation, verifiers used code 1.
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If the layout of an instrument differed in any way from the interna-
tional version, an entry was made in the translation verification report form
indicating the location of the deviation, the severity of the deviation, and a
description of the change in the layout. If necessary and appropriate, a sug-
gestion for improving the layout was included.

For countries that participated in prior cycles of TIMSS, verifiers
also completed a trend item verification form, indicating whether there was
any difference in translation or format of the trend items between the 2003
version and the 1995 version for fourth grade and 1999 version for eighth
grade, with a description of the nature of the change.

The completed translation verification forms were sent to NRCs and an
additional copy was sent to the International Study Center at Boston College
and the IEA Data Processing Center (DPC) in Hamburg, Germany. The NRCs
were responsible for reviewing the reports and revising the instruments, at
their own discretion, based on the translation verifiers’ suggestions.

Although generally countries complied very well with the require-
ments for translation verification, a number of countries did not submit for
verification instruments in languages that were used . Bahrain did not submit
its English version of instruments for review; Egypt did not submit its English
and French versions of instruments, which were borrowed from Lebanon,
for review; Hong Kong did not submit its English version of achievement
tests for review; Latvia did not submit its Russian version of instruments
(which were borrowed from the Russian Federation) for review; the Pales-
tinian National Authority did not submit its English version of instruments
for review; Romania did not submit its Hungarian version of instruments
(which were borrowed from Hungary and not adapted) for review; and
Syria did not submit its background questionnaires for review. The follow-
ing countries submitted test booklets but not blocks or test blocks but not
booklets for review: Argentina, Armenia, Bahrain, Cyprus, Egypt, England,
Lebanon, Moldova, Morocco, Palestinian National Authority, Saudi Arabia,
Scotland, Syria, Tunisia, United States, and Yemen.® The following countries
did not submit Cultural Adaptations Forms along with their instruments for
review: Bahrain, Cyprus (tests), Egypt, Indonesia (questionnaires), Japan,
Jordan, Latvia (tests), Lebanon, Lithuania (tests), Morocco, Syria, Tunisia,
and Yemen.

6 Due to time limitations, southern hemisphere countries (Australia, Botswana, Chile, Malaysia, New Zealand, Singapore,
South Africa) were required to submit only the test blocks and not the test booklets to the IEA Secretariat for review.
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4.3.2 International Study Center Review

For a final review, NRCs were required to submit a print-ready copy of the
achievement test booklets and questionnaires to the TIMSS & PIRLS Inter-
national Study Center at Boston College, after implementing the suggestions
of the translation verifiers.

For all countries, achievement and questionnaire items were com-
pared with the international version to identify any changes in text, graph-
ics, and format, and the test booklets and questionnaires were reviewed to
identify any changes in layout. The text was reviewed for format, and items
were checked to ensure that they had identical translations in the stem and
options across different booklets.

For trend countries, each trend item was compared to the 1995 trans-
lated version for fourth grade and the 1999 translated version for eighth
grade to note if any change had been made. When the language of these
items was not familiar to the reviewer, the NRC was asked about any appar-
ent changes.

NRCs were provided with a list of any deviations identified by the
International Study Center that went beyond those recorded in the transla-
tion verification reports. NRCs used these comments to correct errors prior to
printing, again at their own discretion. Countries that did not allot enough time
for this step of the translation and review process were not required to submit
their instruments to the ISC prior to printing, so as not to jeopardize their
schedule for administering the assessment. The following countries submitted
their instruments to the International Study Center for final review after print-
ing: Armenia, Bahrain, Egypt, Japan, Korea, Lebanon, Morocco, Palestinian
National Authority, Slovenia, Syria, Yemen, Ontario, and Quebec. Although
the Philippines submitted instruments for review prior to printing, no correc-
tions based on IEA or ISC review were implemented prior to printing.

4.3.3 \Verification of Translations at National Centers

The results of statistical item analyses from the TIMSS 2003 field test, con-
ducted during April through June of 2002, were reviewed by each country.
Since unusual item statistics could be an indication of errors in translation,
each NRC was asked to check the results to identify items that might have
been mistranslated.
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4.3.4 International Quality Control Monitor Item Review

As part of an ambitious quality control program, International Quality Control
Monitors (QCMs) were hired to document the quality of the TIMSS 2003
assessment in each country (see Chapter 7 for a description of the work of the
Quality Control Monitors). An important task for the QCMs was to review the
translation verification reports for each test language and verify whether the
suggested changes were made in the final instruments. The QCM marked on a
copy of the translation verification report form whether the change suggested
in the report was implemented. This assisted the International Study Center
in identifying changes made or not made to the national versions.

44 Summary

The rigorous procedures for translation, cultural adaptations, translation veri-
fication, and review of the instruments implemented for TIMSS 2003 provided
for comparable translations of the instruments across participating countries.
The verification process of internal review, external translation verification by
bilingual judges, and review by the International Study Center and Quality
Control Monitors proved to be a comprehensive program for verification,
ensuring accuracy in the analysis and reporting of the TIMSS 2003 data.

TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE



CHAPTER 4: TRANSLATION AND CULTURAL ADAPTATION OF THE TIMSS 2003 INSTRUMENTS

References

TIMSS (2002a), TIMSS 2003 Survey Operations Manual, prepared by the TIMSS
& PIRLS International Study Center, Chestnut Hill, MA: Boston College.

TIMSS (2002b), Guidelines for the Translation Verification of the TIMSS 2003 Main
Survey Instruments, prepared by the TEA Secretariat, Amsterdam: The Neth-
erlands.

TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE 107



108 TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE



Chapter 5
TIMSS 2003 Sampling Design

Pierre Foy and Marc Joncas

5.1 Overview

This chapter describes the TIMSS 2003 international sample design and the
procedures developed to ensure effective and efficient sampling of the student
populations in each participating country. To be acceptable for TIMSS 2003,
national sample designs had to result in probability samples that gave accu-
rate weighted estimates of population parameters such as means and per-
centages, and for which estimates of sampling variance could be computed.
The TIMSS 2003 sample design is similar to that used in TIMSS 1999, with
minor refinements. Since sampling for TIMSS was to be implemented by the
National Research Coordinator (NRC) in each participating country — often
with limited resources — it was essential that the design be simple and easy
to implement while yielding accurate and efficient samples of both schools
and students. The design that was chosen for TIMSS strikes a good balance,
providing accurate sample statistics while keeping the survey simple enough
for all participants to implement.

The international project team provided software, manuals, and
expert advice to help NRCs adapt the TIMSS sample design to their national
system, and to guide them through the phases of sampling. The School Sam-
pling Manual (TIMSS, 2001) describes how to implement the international
sample design and to select the school sample; and offers advice on initial
planning, adapting the design to national situations, establishing appropriate
sample selection procedures, and conducting fieldwork. The Survey Opera-
tions Manual (TIMSS, 2002a) and School Coordinator Manual (TIMSS, 2002b)
provide information on sampling within schools, assigning assessment book-
lets and questionnaires to sampled students, and tracking respondents and
non-respondents. To automate the rather complex within-school sampling
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procedures, NRCs were provided with sampling software jointly developed
by the IEA Data processing Center (DPC) and Statistics Canada, documented
in the Within School Sampling Software (WinW3S) Manual (TIMSS, 2002c).

In addition to sampling manuals and software, expert support was
made available to help NRCs with their sampling activities. Statistics Canada
and the IEA Data Processing Center (in consultation with the TIMSS sampling
referee) reviewed and approved the national sampling plans, sampling data,
sampling frames, and sample implementation. Statistics Canada and the DPC
also provided advice and support to NRCs at all stages of the sampling process,
drawing national school samples for nearly all of the TIMSS participants.

Where the local situation required it, NRCs were permitted to
adapt the sample design for their educational systems, using more sam-
pling information, and more sophisticated designs and procedures, than
the base design required. However, these solutions had to be approved
by the TIMSS International Study Center (ISC) at Boston College, and
by Statistics Canada.

5.2 TIMSS Target Populations

In [EA studies, the target population for all countries is known as the interna-
tional desired population. TIMSS 2003 chose to study achievement in two target
populations, and countries were free to participate in either population, or
both. The international desired populations for TIMSS were the following:

e Population 1: All students enrolled in the upper of the two adjacent
grades that contain the largest proportion of 9-year-olds at the time of
testing. This grade level was intended to represent four years of schooling,
counting from the first year of primary or elementary schooling, and was
the fourth grade in most countries.

e Population 2: All students enrolled in the upper of the two adjacent
grades that contain the largest proportion of 13-year-olds at the time of
testing. This grade level was intended to represent eight years of schooling,
counting from the first year of primary or elementary schooling, and was
the eighth grade in most countries.

To measure trends in student achievement, the TIMSS 2003 eighth-
and fourth-grade target populations were intended to correspond to the upper
grades of the TIMSS 1995 population definitions, and the TIMSS 2003 eighth-
grade target population to the eighth-grade population in TIMSS 1999.
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5.2.1 Sampling from the Target Populations

TIMSS expected all participating countries to define their national desired popu-
lations to correspond as closely as possible to its definition of the international
desired populations.

For example, if fourth grade was the upper of the two adjacent grades
containing the greatest proportion of 9-year-olds in a particular country, then
all fourth grade students in the country should constitute the national desired
population for that country.

Although countries were expected to include all students in the target
grade in their definition of the populations, sometimes they had to restrict
their coverage. Lithuania, for example, collected data only about students in
Lithuanian-speaking schools, so their national desired populations fell short
of the international desired populations. Appendix A of the TIMSS 2003
international reports in mathematics and science documents such deviations
from the international definition of the TIMSS target populations.

Using their national desired populations as a basis, each participat-
ing country had to define its populations in operational terms for sampling
purposes. This definition, known in IEA terminology as the national defined
population, is essentially the sampling frame from which the first stage of
sampling takes place. Ideally, the national defined populations should coincide
with the national desired populations, although in reality there may be some
school types or regions that cannot be included. Consequently, the national
defined populations are usually a very large subset of the national desired
populations. All schools and students in the desired populations not included
in the defined populations are referred to as the excluded populations.

TIMSS participants were expected to ensure that the national defined
populations included at least 95 percent of the national desired populations.
Exclusions (which had to be kept to a minimum) could occur at the school
level, within the sampled schools, or both. Because the national desired popu-
lations were restricted to schools that contained the required grade, schools
not containing the target grade were considered to be outside the scope of
the sample, i.e., not part of the target populations.

Although countries were expected to do everything possible to maxi-
mize coverage of the populations by the sampling plan, if necessary, schools
could be excluded from the sampling frame for the following reasons:

e They were in geographically remote regions.
e They were of extremely small size.
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¢ They offered a curriculum or a school structure that was different from the
mainstream education system(s).

e They provided instruction only to students in the categories defined as
“within-school exclusions”.

Within-school exclusions were limited to students who, because
of some disability, were unable to take part in the TIMSS assessment. The
general TIMSS rules for defining within-school exclusions included the fol-
lowing three groups:

e Intellectually disabled students. These are students who were consid-
ered, in the professional opinion of the school principal or other qualified
staff members, to be intellectually disabled, or who had been so diagnosed
in psychological tests. This category included students who were emo-
tionally or mentally unable to follow even the general instructions of the
TIMSS tests. It did not include students who merely exhibited poor aca-
demic performance or discipline problems.

¢ Functionally disabled students. These are students who were perma-
nently physically disabled in such a way that they could not perform on
the TIMSS tests. Functionally disabled students who could perform were
included in the testing.

¢ Non-native language speakers. These are students who could not read
or speak the language of the test, and so could not overcome the language
barrier of testing. Typically, a student who had received less than one year
of instruction in the language of the test was excluded, but this definition
was adapted in different countries.

Because these categories can vary internationally in the way they are
implemented, NRCs were asked to adapt them to local usage. In addition,
they were to estimate the size of the target population so that their compli-
ance with the 95 percent rule could be projected. A major objective of TIMSS
was that the effective target populations, the populations actually sampled
by TIMSS, be as close as possible to the international desired populations.
Exhibit 5.1 illustrates the relationship between the desired populations and
the excluded populations. Each country had to account for any exclusion of
eligible students from the international desired populations. This applied to
school-level exclusions, as well as within-school exclusions.
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Exhibit 5.1 Relationship Between the Desired Populations and Exclusions

International
Desired Target

Population

Exclusions from
National Coverage

School-Level
Exclusions

National Defined
Target Population

Within-School
Exclusions

Effective Target

Population

5.3 Sample Design

The international sample design for TIMSS is generally referred to as a two-
stage! stratified cluster sample design. The first stage consists of a sample of
schools,? which may be stratified; the second stage consists of a sample of one
or more classrooms from the target grade in sampled schools.

5.3.1  Units of Analysis and Sampling Units

The TIMSS analytical focus was on the cumulative learning of students, as
well as on instructional characteristics related to learning. The sample design,
therefore, had to address the measurement both of characteristics thought
to influence cumulative learning, and of those specific to the instructional
settings. As a consequence, although students were the principal units of
analysis, schools and classrooms also were potential units of analysis, and all
had to be considered as sampling units in the sample design in order to meet
specific requirements for data quality and sampling precision at all levels.

Although the second stage sampling units were generally intact class-
rooms, the ultimate sampling elements were students — making it important
that each student from a target grade be a member of one (and only one) of
the classes in a school from which the sampled classes would be selected.

TIMSS prefers to sample intact classrooms because that allows the
simplest link between students and teachers. In fourth grade, students in
most countries are organized into classrooms that are taught as a unit for all

1 In some countries, it was necessary to include a third stage, where students within large classrooms were sub-sampled
(see section 5.6).

2 In the Russian Federation, it was necessary to include an extra preliminary stage, where geographical regions were
sampled first, and then schools (see section 5.4.3).
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subjects, usually by the same teacher. Sampling intact classrooms is straight-
forward, therefore, at fourth grade. At eighth grade, however, classrooms
are usually organized by subject — mathematics, language, science, etc. —
and it is more difficult to arrange classroom sampling. TIMSS has addressed
this issue by choosing the mathematics class as the sampling unit, mainly
because classes often are organized on the basis of mathematics instruction
and because mathematics is a central focus of the study. Although this is the
recommended procedure, it can only be implemented where the mathematics
classes in a school constitute an exhaustive and mutually exclusive partition
of the students in the grade. This is the case when every student in the target
grade attends one and only one mathematics class in the school.

5.3.2 Sampling Precision and Sample Size

In planning the sample design for each country, sample sizes for the two
stages of the TIMSS sample design had to be specified so as to meet the
sampling precision requirements of the study. Since students were the prin-
cipal units of analysis, the reliability of estimates of student characteristics
was paramount. However, TIMSS planned to report extensively on school,
teacher, and classroom characteristics, so it was necessary also to have suffi-
ciently large samples of schools and classes. The TIMSS standard for sampling
precision requires that all student samples have an effective sample size of at
least 400 students for the main criterion variables — mathematics and science
achievement. In other words, all student samples should yield sampling errors
that are no greater than would be obtained from a simple random sample of
400 students.

An effective sample size of 400 students results in the following
approximate 95 percent confidence limits for sample estimates of population
means, percentages, and correlation coefficients.

e Means: m + 0.1s (where m is the mean estimate, and s is the estimated
standard deviation for students)

e Percentages: p £ 5% (where p is a percentage estimate)

e Correlations: r = 0.1 (where r is a correlation estimate)

Notwithstanding these precision requirements, TIMSS required a
minimum of 4,000 students for each target population. This was necessary
to ensure adequate sample sizes for sub-groups of students categorized by
school, class, teacher, or student characteristics. Furthermore, since TIMSS
planned to conduct analyses at the school and classroom levels, at least 150
schools were to be selected from each target population. Samples of 150
schools yield 95 percent confidence limits for school-level and classroom-
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level mean estimates that are precise to within 16 percent of their standard
deviations. Therefore, to ensure sufficient sample precision for school-level
and student-level analyses, some participants had to sample more schools and
students than would have been selected otherwise.

5.3.3 Clustering Effect

The precision of multistage cluster sample designs is generally affected by the so-
called clustering effect. Students are clustered in schools, and are also clustered
in classrooms within the schools. A classroom — as a sampling unit — constitutes
a cluster of students who tend to be more like each other than like other
members of the population. The intra-class correlation is a measure of this
within-class similarity. Sampling 30 students from a single classroom when
the intra-class correlation is high will yield less information than a random
sample of 30 students drawn from across all students in the grade level.
Consequently, a cluster sample with a positive intra-class correlation will
need to have more elements than a random sample of independent elements
to achieve the same level of precision. Thus, cluster sample designs are less
efficient, in terms of sampling precision, than a simple random sample of the
same size. This clustering effect was considered in determining the overall
sample sizes for TIMSS.

The size of the cluster (classroom) and the size of the intra-class cor-
relation determine the magnitude of the clustering effect. For planning its
sample size, therefore, each country had to identify a value for the intra-class
correlation and a value for the expected cluster size (this was known as the
minimum cluster size). The intra-class correlation for each country was esti-
mated from previous cycles of TIMSS, from IEA’s Progress in International
Reading Literacy Study (PIRLS), or from national assessments. In the absence
of these sources, an intra-class correlation of 0.3 was assumed. Since partici-
pants were generally sampling intact classrooms, the minimum cluster size
was in fact the average classroom size.

Sample-design tables, such as the one in Exhibit 5.2, were produced
and included in the TIMSS School Sampling Manual. These tables illustrate the
number of schools necessary to meet the TIMSS sampling precision require-
ments for a range of values of intra-class correlations and minimum cluster
sizes. TIMSS participants could refer to the tables to determine how many
schools they should sample. For example, on the basis of Exhibit 5.2, a par-
ticipant whose intra-class correlation was expected to be 0.6, with an average
classroom size of 30, would need to sample a minimum of 262 schools. When-
ever the estimated number of schools to sample was less than 150, partici-
pants were asked to sample at least 150 schools. Also, if the total expected
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number of students was less than 4,000, participating countries were asked
to select more schools, or more classrooms per school. The sample design
tables could also be used to determine sample sizes for more complex
designs. For example, geographical regions could be defined as strata,
whereby equal numbers of schools would be sampled in each stratum in
order to produce equally reliable estimates for all strata, regardless of the
relative size of the strata.

Exhibit 5.2  TIMSS Sample Design Table

Intraclass Correlation

MCS 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
5 a 212 244 276 308 340 372 404 436 468
n 1,060 1,220 1,380 1,540 1,700 1,860 2,020 2,180 2,340
10 a 150 162 198 234 270 306 342 378 414
n 1,500 1,620 1,980 2,340 2,700 3,060 3,420 3,780 4,140
15 a 150 150 172 209 247 284 321 359 396
n 2,250 2,250 2,580 3,135 3,705 4,260 4,815 5,385 5,940
20 a 150 150 159 197 235 273 311 349 387
n 3,000 3,000 3,180 3,940 4,700 5,460 6,220 6,980 7,740
25 a 150 150 151 190 228 266 305 343 382
n 3,750 3,750 3,775 4,750 5,700 6,650 7,625 8,575 9,550
30 a 150 150 150 185 223 262 301 339 378
n 4,500 4,500 4,500 5,550 6,690 7,860 9,030 10,170 11,340
35 a 150 150 150 181 220 259 298 337 375
n 5,250 5,250 5,250 6,335 7,700 9,065 10,430 11,795 13,125
40 a 150 150 150 179 218 257 296 335 374
n 6,000 6,000 6,000 7,160 8,720 10,280 11,840 13,400 14,960
45 a 150 150 150 176 216 255 294 333 372
n 6,750 6,750 6,750 7,920 9,720 11,475 13,230 14,985 16,740
50 a 150 150 150 175 214 253 292 332 371
n 7,500 7,500 7,500 8,750 10,700 12,650 14,600 16,600 18,550
55 a 150 150 150 173 213 252 291 331 370
n 8,250 8,250 8,250 9,515 11,715 13,860 16,005 18,205 20,350
60 a 150 150 150 172 212 251 290 330 369

n 9,000 9,000 9,000 10,320 12,720 15,060 17,400 19,800 22,140

a = Number of sampled schools
n = Number of sampled students in the target grade
Note: The Minimum Cluster Size (MCS) is the number of students selected in each sampled school (generally the average classroom size).
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5.3.4 Stratification

Stratification is the grouping of sampling units (e.g., schools) in the sampling
frame according to some attribute or variable prior to drawing the sample. It
is generally used for the following reasons:

e To improve the efficiency of the sample design, thereby making survey
estimates more reliable.

e To apply different sample designs or disproportionate sample-size alloca-
tions to specific groups of schools (such as those within certain states or
provinces).

e To ensure adequate representation in the sample of specific groups from
the target population.

Examples of stratification variables for school samples are: geography
(such as states or provinces), school type (such as public and private), and
level of urbanization (such as rural and urban). Stratification variables in the
TIMSS sample design could be used explicitly, implicitly, or both.

¢ Explicit stratification consists of building separate school lists, or sam-
pling frames, according to the stratification variables under consideration.
For example, where geographic regions are an explicit stratification vari-
able, separate school sampling frames would be constructed for each region.
Different sample designs, or different sampling fractions, would then be
applied to each school sampling frame to select the sample of schools. In
TIMSS, the main reason for considering explicit stratification was to ensure
disproportionate allocation of the school sample across strata. For example,
a country stratifying by school type might require a specific number of
schools from each stratum, regardless of the relative sizes of the strata.

e Implicit stratification makes use of a single school sampling frame, but
sorts the schools in this frame by a set of stratification variables. This type
of stratification, combined with the PPS systematic sampling methodology
(see section 5.4), is a simple way of ensuring proportional sample allocation
without the complexity of explicit stratification. It can also improve the reli-
ability of survey estimates — provided the stratification variables are related
to school mean student achievement in either mathematics or science.

5.3.5 Replacement Schools

Although TIMSS participants were expected to make great efforts to secure
the participation of sampled schools, it was anticipated that a 100 percent
participation rate would not be possible in all countries. To avoid sample size
losses, a mechanism was instituted to identify, a priori, replacement schools
for each sampled school. For each sampled school, the next school on the
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ordered school sampling frame was identified as its replacement, and the one
after that as a second replacement, should it be needed (see Exhibit 5.3 for
an example).

The use of implicit stratification variables and the subsequent order-
ing of the school sampling frame by size ensured that any sampled school’s
replacement would have similar characteristics. Although this approach avoids
sample size losses, it does not guarantee avoiding response bias. However, it
may reduce the potential for bias, and was deemed more acceptable than
over-sampling to accommodate a low response rate.

5.4 First Sampling Stage

The sample selection method used for the first sampling stage in TIMSS makes
use of a systematic probability-proportional-to-size (PPS) technique. In order
to use this method, it is necessary to have some measure of the size (MOS)
of the sampling units. Ideally, this should be the number of sampling ele-
ments within the unit (e.g., the number of students in the school in the target
grade). If this is unavailable, some other highly correlated measure, such as
total school enrollment, may be used.

The schools in each explicit stratum are listed in order of the implicit
stratification variables, together with the MOS for each school. Schools are
further sorted by MOS within the implicit stratification variables. The measures
of sizes are accumulated from school to school, and the running total (the
cumulative MOS) is listed next to each school (see Exhibit 5.3). The cumulative
MOS is an index of the size of the population of sampling elements; dividing it
by the number of schools to be sampled gives the sampling interval.

The first school is sampled by choosing a random number in the range
between 0 and the sampling interval. The school whose cumulative MOS
contains the random number is the sampled school. By adding the sampling
interval to that first random number, the second school is identified. This
process of consistently adding the sampling interval to the previous selection
number results in a PPS sample of schools of the required size.

Among the many benefits of this sample selection method are that
it is easy to implement, and that it is easy to verify that it was implemented
properly. The latter is critical, since one of the main methodological objec-
tives of TIMSS was to ensure that a sound sampling technique had been
used. Exhibit 5.3 illustrates the PPS systematic sampling method applied to a
fictitious sampling frame. The first three sampled schools are shown, as well
as their pre-selected replacement schools, which may be used should the
originally selected schools not participate.
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Exhibit 5.3  Application of the PPS Systematic Sampling Method to TIMSS
Total MOS: 392 154 Sampling Interval: 2 614.3600
School Sample: 150 Random Start: 1 135.1551
School Code School MOS Cumulative MOS Sample
939438 532 532
026825 517 1049
277618 487 1536 -
228882 461 1997 R1
833389 459 2456 R2
386017 437 2893
986694 406 3299
041733 385 3684
056595 350 4034 -
945801 34 4375 R1
865982 328 4703 R2
700089 3N 5014
656616 299 5313
647690 275 5588
381836 266 5854
510529 247 6101
729813 215 6316
294281 195 6511 -
016174 174 6685 R1
292526 152 6837 R2
541397 133 6970
502014 121 7091
662598 107 7198
821732 103 7301
436600 97 7398
— = Sampled School R1, R2 = Replacement Schools
5.4.1 Small Schools

Small schools, those with fewer eligible students than are typically found in
a classroom, can cause difficulties in PPS sampling because students sampled
from them tend to be assigned very large sampling weights, which can
increase sampling variance. Also, because such schools supply fewer students
than the other schools, the overall student sample size may be reduced. In
TIMSS, a school was deemed to be small if the number of students in the
target grade was less than the minimum cluster size. For example, if the
minimum cluster size was set at 20, then a school with fewer than 20 students
in the target grade was considered a small school.
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The TIMSS approach for dealing with small schools had two com-
ponents:

e Exclude extremely small schools. Extremely small schools were defined
as schools with fewer students than one quarter of the minimum cluster
size. For example, if the minimum cluster size was set at 20, schools with
fewer than five students in the target grade were considered extremely small
schools. If student enrollment in these schools was less than two percent
of the eligible population, these schools could be excluded, provided the
overall inclusion rate met the 95 percent criterion (see section 5.2.1).

e Select remaining small schools with equal probabilities. All remain-
ing small schools were selected with equal probabilities within explicit
strata. This was done by calculating, for each explicit stratum, the average
size of small schools and setting the MOS of all small schools to this average
size. The number of small schools to be sampled within explicit strata would
thus remain proportional, and this action would ensure greater stability in
the resulting sampling weights.

5.4.2 Very Large Schools

A very large school is a school whose measure of size is larger than the cal-
culated sampling interval. Very large schools can cause operational problems
because they stand a chance of being selected more than once under the
normal PPS sampling method. This problem was solved in one of two ways:

e Creating an explicit stratum of very large schools. All very large
schools were put in an explicit stratum and all of them were included
in the sample. This was done within the originally defined explicit strata
since the sampling intervals were calculated independently for each origi-
nal explicit stratum. Thus, an explicit stratum would be divided into two
parts if it contained any very large schools.

¢ Setting their MOS equal to the sampling interval. All very large schools
in an explicit stratum were given a measure of size equal to the sampling
interval calculated for that explicit stratum. In this way, very large schools
were all included in the sample with probabilities of unity. This approach was
simpler to apply and avoided the formation of additional explicit strata.

5.4.3 Optional Preliminary Sampling Stage

In TIMSS, very large countries have the opportunity to introduce a prelimi-
nary sampling stage before sampling schools. This consists of first drawing a
sample of geographic regions using PPS sampling and then a sample of schools
from each sampled region. This design is used mostly as a cost reduction
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measure, where the construction of a comprehensive list of schools is either
impossible or prohibitively expensive. Also, the additional sampling stage
reduces the dispersion of the school sample, thereby potentially reducing
travel costs. Sampling guidelines ensure that an adequate number of units
are sampled from this preliminary stage. The sampling frame has to consist
of at least 80 primary sampling units, of which at least 40 must be sampled
at this stage. The Russian Federation was the only country to avail of this
option in TIMSS 2003.

5.5 Second Sampling Stage

The second sampling stage in the TIMSS international design consisted of select-
ing classrooms within sampled schools. As a rule, one classroom per school was
sampled, although some participants opted to sample two classrooms. Addition-
ally, some participants were required to sample two or more classrooms per
school in order to meet the minimum requirement of 4,000 sampled students.
Classrooms were generally selected with equal probabilities. For those countries
that chose to sub-sample students within classrooms (see section 5.6), class-
room sampling was done using PPS sampling within the affected schools.

5.5.1 Small Classrooms

Generally, classrooms in an education system tend to be of roughly equal
size. Occasionally, however, small classrooms are devoted to special situa-
tions, such as remedial or accelerated programs. These classrooms can become
problematic in sampling, since they can lead to a shortfall in sample size, and
also introduce some instability in the resulting sampling weights.

In order to avoid these problems, any classroom smaller than half the
specified minimum cluster size was combined with another classroom from
the same grade and school. For example, if the minimum cluster size was set
at 30, any classroom with fewer than 15 students was combined with another.
The resulting pseudo-classroom then constituted a sampling unit.

5.6 Sampling Students Within Classes

As a rule, all students in the sampled classrooms were expected to take part
in the TIMSS assessment. However, countries where especially large classes
were the norm could with permission opt to sub-sample a fixed number of
students from each sampled classroom. Where applicable, this was done using
a systematic sampling method whereby all students in a sampled classroom
were assigned equal selection probabilities. In TIMSS 2003, only Yemen chose
this option.
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Chapter 6

TIMSS 2003 Survey
Operations Procedures

Juliane Barth, Eugenio J. Gonzalez, and Oliver Neuschmidt

6.1 Overview

The TIMSS 2003 data collection in each country was a very demanding
exercise, with test administration at two grade levels in at least 150 schools,
and with questionnaires for students, mathematics and science teachers,
and school principals. To conduct the data collection successfully called for
close cooperation between the National Research Coordinator (NRC) and
school personnel — principals and teachers — and students. The first part of
this chapter describes the field operations for collecting the data, including
the responsibilities of the NRC, the procedure for sampling classrooms within
schools and tracking students and teachers, and the steps involved in adminis-
tering the achievement tests and background questionnaires. The second part
describes the activities involved in preparing the data files at national centers,
particularly the procedures for scoring the constructed-response items, creat-
ing and checking data files for achievement test and questionnaire responses,
and dispatching the completed data files to the IEA Data Processing Center
(DPC) in Hamburg, Germany.

6.2 TIMSS 2003 Field Operations

The TIMSS 2003 field operations were developed jointly by the TIMSS & PIRLS
International Study Center at Boston College, the IEA Data Processing Center,
and Statistics Canada. They were based on procedures used successfully in
TIMSS 1995, TIMSS 1999, and other IEA studies, and were refined on the basis
of TIMSS 2003 field-test experience.
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6.2.1 Responsibilities of the National Research Coordinator

In conducting field operations in each country, the National Research Coordi-
nator was the key person. The NRC had ultimate responsibility for collecting
the data for the TIMSS assessment according to internationally agreed-upon
procedures and preparing the data according to international specifications.
NRC responsibilities in other areas, including sampling schools and translat-
ing the achievement tests and questionnaires, have been outlined in earlier
chapters of this report.! This section focuses on NRC activities with regard to
administering the assessment in participating schools. Specifically, it describes
the procedures for sampling classes within schools, for tracking classes, teach-
ers, and students in the sampled schools, and for organizing the administra-
tion of the achievement tests and questionnaires.

6.2.2 Documentation and Software

NRCs were provided with a comprehensive set of procedural manuals detail-
ing all aspects of the data collection.

e The TIMSS 2003 Survey Operations Manual (TIMSS, 2002a) was the essential
handbook of the National Research Coordinator, and described in detail
all of the activities and responsibilities of the NRC, from the moment the
TIMSS instruments arrived at the national center to the moment the
checked and verified data files and accompanying documentation were
submitted to the IEA Data Processing Center.

e The TIMSS 2003 School Sampling Manual (TIMSS, 2001) defined the TIMSS
2003 target populations and sampling goals and described the procedures
for the sampling of schools.

e The TIMSS 2003 School Coordinator Manual (TIMSS, 2002b) described the
activities of the School Coordinator — the person in the school responsible
for organizing the TIMSS test administration — from the time the testing
materials arrived at the school to the time the completed materials were
returned to the national TIMSS center.

e The TIMSS 2003 Test Administrator Manual (TIMSS, 2002c¢) described in detail
the procedures for administering the TIMSS tests and questionnaires, from
the beginning of the test administration to the return of the testing materi-
als to the School Coordinator.

e The TIMSS 2003 Scoring Guides for Mathematics and Science Constructed-Response
Items (TIMSS, 2002d; TIMSS, 2002¢) contained instructions for scoring the
short-answer and extended-response test items.

e The Manual for Entering the TIMSS 2003 Data (TIMSS, 2002f) provided the
NRCs with instructions for coding, entering, and verifying the data.

1 See Chapter 5 for information about sampling schools, and Chapter 4 for details of the translation task.
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e The TIMSS 2003 National Quality Control Observer’s Manual (TIMSS, 2002g)
provided instructions for conducting classroom observations during data
collection in a sample of participating schools.

Additionally, six software packages were supplied by the IEA Data
Processing Center to assist NRCs with the data collection:

¢ The within-school sampling software (WinW3S) is a computer program that
helps NRCs randomly sample the TIMSS class or classes in each sampled
school; prepare the survey tracking forms that keep track of sampled stu-
dents, classes, and teachers; and assign test booklets to students. The soft-
ware stores all tracking information in an MS-Access database so that it can
be used later in constructing sampling weights and in verifying the integrity
of the sampling procedure.

e The DataEntryManager for Windows (WinDEM), is a computer program
developed by IEA to enable national center staff to capture all of the TIMSS
data through keyboard data entry and to perform a range of validity checks
on the keyed data. The WinDEM database includes codebooks for each of
the TIMSS 2003 test booklets and questionnaires, providing all information
necessary to produce data files for each instrument in a standard interna-
tional format.

e The WinLink program allows NRCs to check the correspondence between
the tracking information stored in the WinW3S database and the student,
teacher, and school information keyed into the WinDEM files. Using this
program, for example, NRCs can check that each student listed on the
student tracking form has a corresponding data record in the student
achievement and student questionnaire WinDEM files.

e The Data Correction Software (DCS) is a program that enables national
center staff to detect and correct inconsistencies in TIMSS background data
files.

e The Trend-Scoring Reliability Software (TSRS) incorporates a database for
each country containing a sample of student responses to constructed-
response questions administered and scored as part of the TIMSS 1999 data
collection. The TSRS software allowed NRCs to have their 2003 scoring
staff rescore the 1999 student sample to document the reliability of the
scoring process over time. This effort is described in Chapter 8.

e In a related effort, the Cross-Country Scoring Reliability Software (CCSRS)
incorporates a database containing a sample of student responses to con-
structed-response items collected from English-speaking countries partici-
pating in TIMSS 2003. The CCSRS software enables every country with
English-speaking scoring staff to score these common student responses in
order to document the reliability of the scoring across countries participat-
ing in 2003. For more information, please refer to Chapter 8.
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Each software package was supplied with a detailed manual describ-
ing how to install and use the software. In addition to the manuals, NRCs
received hands-on training in the use of the WinW3S and WinDEM software
from staff at the IEA Data Processing Center and Statistics Canada during a
data entry seminar held before the field test.

6.2.3  Within-School Sampling Procedures

The study design anticipated relational analyses between student achievement
and teacher-level data at the class level. For field operations, this meant that
intact classes had to be sampled, and that for each sampled class the math-
ematics and science teachers had to be tracked and linked to their students.
Although intact classes were the unit to be sampled in each school, the ulti-
mate goal was a nationally representative sample of students. Consequently,
in each country a classroom organization had to be chosen that ensured that
every student in the school was in one class or another, and that no student
was in more than one class. Such an organization is necessary for a random
sample of classes to result in a representative sample of students. At the eighth
grade in most countries, mathematics classes serve this purpose well, and so
were chosen as the sampling units. In countries where students attended
different classes for mathematics and science, classrooms were defined on
the basis of mathematics instruction for sampling purposes.? At fourth grade,
most schools use the same class for all subjects, including mathematics and
science. Accordingly, the fourth-grade classroom was the sampling unit in
these schools.

The TIMSS design required that for each student in each sampled
class, all teachers teaching mathematics or science be identified and asked to
complete a teacher questionnaire.

Although all students enrolled in the target grade were part of the
target population and were eligible to be selected for testing, TIMSS recog-
nized that some students in every school would be unable to take part in
the 2003 assessment because of some physical or mental disability. Accord-
ingly, the sampling procedures provide for the exclusion of students with
any of several disabilities (see Chapter 5). Countries were required to track
and account for all excluded students, and were cautioned that excluding
an excessive proportion would lead to their results being annotated in the
TIMSS 2003 international reports. It was important that the conditions under
which students could be excluded be carefully delineated, because the defini-
tion of “disabled” students varied considerably from country to country.

2 For countries where a suitable configuration of classes for sampling purposes could not be identified, TIMSS also pro-
vided a procedure for sampling individual students directly from the eighth grade.
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Exhibit 6.1 presents the major activities conducted by National
Research Coordinators and school personnel while sampling classes within
schools. These activities are incorporated in the WinW3S software, which
automatically produces all necessary forms, lists, and labels, and assisted NRCs
in keeping track of the field operations’ status.

Exhibit 6.1 Procedures for Sampling Classes in Partcipating Schools

NRC activity School activity
1. School Tracking
e Contact schools participating schools

e Prepare Class Listing Forms to be completed by
schools.

2. Complete the Class Listing Form listing all math-
ematics classes in the target grade (4 or 8) along
with the names of their mathematics teachers.

3. Class Tracking and Sampling

e Sample a class or classes using the information on
the Class Listing Form.

e Prepare Student-Teacher Linkage Forms so that
schools can list the students in the sampled class(es)
and link them to their mathematics and science

teachers.
4.Complete Student-Teacher Linkage Forms by list-
ing all of the students in the sampled class(es)
(name, birth dates, sex) together with their math-
ematics and science teachers and course names.
5. Student/ Teacher Tracking and Student-Teacher

Linkage

Prepare a Student Tracking Form for each sampled
class listing all students to be tested and their book-
let assignments

Prepare a Teacher Tracking Form for each sampled
class listing all mathemathematics and science teach-
ers of the students in the class, their questionnaire
assignments and their student-teacher link numbers

Send tracking forms, labels and test-instruments to

schools.
TEST ADMINISTRATION
6. After the tests and questionnaires have been
administered, record the participation status on
Student and Teacher Tracking Forms; complete
Test Administrator Forms.
7. Record Participation Information and Test

Administrator Information in Data Files.
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6.2.3.1 Survey Tracking Forms

As may be seen from Exhibit 6.1, TIMSS 2003 relied on a series of “tracking
forms” to implement and record the sampling of classes, teachers, and stu-
dents. It was essential that the tracking forms be completed accurately, since
they determine which booklets and questionnaires should be given to which
students and teachers, and record what happened as the assessment was
administered in each school. In addition to facilitating the data collection, the
tracking forms provided essential information for the computation of sam-
pling weights and for evaluating the quality of the sampling procedures. All
tracking forms were retained for review by staff of the TIMSS International
Study Center and the IEA Data Processing Center.

Survey tracking forms were provided for sampling classes and stu-
dents; for tracking schools, classes, teachers, and students; for linking students
and teachers; and for recording information during test administration.

6.2.3.2 Linking Students, Teachers, and Classes

The Within-School Sampling Software (WinW3S) creates a hierarchical iden-
tification numbering system that uniquely identifies the sampled schools,
teachers, classes, and students within each country. At the root of the system
is a four-digit school identification number unique within each country that
is assigned to each sampled school.

A class identification number is assigned to each class in the target
grades listed on the class tracking form or entered in WinW3S. The six-digit
class identification number consists of the four-digit school number followed
by a two-digit number identifying the class within the school.

Each student listed on the student tracking form is assigned a student
identification number. This eight-digit number consists of the six-digit class
number followed by a two-digit number corresponding to the student’s
sequential position on the student tracking form. All students listed on the
student tracking form, including those marked for exclusion, are assigned a
student identification number.

Each mathematics and science teacher of the selected classes (i.e.,
those listed on the teacher tracking form) is assigned a teacher identification
number consisting of the four-digit school number followed by a two-digit
teacher number unique within the school. Since a teacher could be teach-
ing both mathematics and science to some or all of the students in a class, it
is necessary to have a unique identification number for each teacher/class
and teacher/subject combination. This is achieved by adding a two-digit link
number to the six digits of the teacher identification number, giving a unique
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eight-digit teacher/class identification number. Careful implementation of
these procedures is necessary so that during data analysis each class may be
linked to a teacher, and student outcomes may be analyzed in relation to
teacher-level variables.

6.2.4 Assigning Testing Materials to Students and Teachers

At both eighth and fourth grades, the mathematics and science assessment
questions were packaged into 12 student test booklets. Each sampled student
was required to complete one booklet, as well as the student questionnaire.
Booklets were assigned to students by the WinW3S software using a random
assignment procedure.

Each teacher listed on the teacher tracking form was assigned a teacher
questionnaire. At eighth grade there were separate questionnaires for math-
ematics and science teachers. Where teachers taught both mathematics and
science to the class, every effort was made to collect information about both
subjects. However, NRCs had the final decision as to how much response
burden to place on such teachers. Where a teacher taught both subjects to a
class but completed only one questionnaire, the information from the general
background part of the completed questionnaire was copied into the missing
questionnaire.

6.2.5 Administering the Test Booklets and Questionnaires

The School Coordinator was the person in the school responsible for admin-
istrating the TIMSS 2003 assessment. The coordinator could be the princi-
pal, the principal’s designee, or an outsider appointed by the NRC with the
approval of the principal. The NRC was responsible for ensuring that the
School Coordinators were familiar with their responsibilities.

The major responsibilities of the School Coordinators are detailed in
the TIMSS 2003 School Coordinator Manual (TIMSS, 2002b). Prior to the test
administration the tasks for the School Coordinator included:

e providing the NRC with all information necessary to complete the various
tracking forms;

¢ checking the assessment materials when they arrived in the school to
ensure that everything was in order;

e ensuring that the assessment materials were kept in a secure place before
and after the administration;

e arranging the dates of the assessment administration with the national
center;
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e arranging for a Test Administrator and giving a briefing on the TIMSS 2003
study, the assessment materials, and the assessment sessions; and

e working with the school principal, the Test Administrator, and the teachers
to plan the testing day — this involved arranging rooms, times, classes and
materials.

The Test Administrator was responsible for administering the TIMSS
tests and student questionnaires. Specific responsibilities were described in
the TIMSS 2003 Test Administrator Manual (TIMSS, 2002c¢), and included:

e ensuring that each student received the correct testing materials which
were specially prepared for him or her;

¢ administering the test in accordance with the instructions in the manual;

e ensuring the correct timing of the testing sessions by using a stopwatch and
recording the time when the various sessions started and ended on the Test
Administration Form; and

e recording student participation on the Student Tracking Form.

The responsibilities of the School Coordinator after the test adminis-
tration included:

e ensuring that the Test Administrator returned all assessment materials,
including the completed Student Tracking Form, the Test Administration
Form, and any unused booklets;

e calculating the student response rate and arranging for makeup sessions if
it was below 90 percent;

e distributing the teacher questionnaires to the teachers listed on the Teacher
Tracking Form, ensuring that the questionnaires were returned completed,
and recording teacher participation information on the Teacher Tracking
Form;

e preparing a report for the NRC about the test administration in the school;
and

e returning both completed and unused test materials and all tracking forms
to the NRC.

The NRC prepared two packages for each sampled class. One contained the
test booklets for all students listed on the Student Tracking Form and the other
the student questionnaires. For each participating school, the test booklets
and student questionnaires were bundled together with the Teacher Tracking
Form and teacher questionnaires, the school questionnaire, and the materials
prepared for briefing School Coordinators and Test Administrators, and were
sent to the School Coordinator. A set of labels and prepaid envelopes addressed
to the NRC was included to facilitate the return of testing materials.
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6.2.6 National Quality Control Program

The International Study Center implemented an international quality control
program whereby International Quality Control Monitors visited a sample
of 15 schools in each country at each grade assessed and observed the test
administration. In addition, NRCs were expected to organize a national
quality control program, based upon the international model. This national
program required Quality Control Observers to document data collection
activities in their country. They visited a 10 percent sample of TIMSS 2003
schools, observed actual testing sessions, and recorded compliance of the test
administration with prescribed procedures.

To assist NRCs in conducting their national quality control program,
the TIMSS International Study Center prepared the TIMSS 2003 National
Quality Control Observer’s Manual (TIMSS, 2002g) which provided general
information about TIMSS 2003 and detailed the role and responsibilities of
the National Quality Control Observers.

6.3 Data Preparation

In the period immediately following the administration of the TIMSS 2003
assessment, the major tasks for the NRC included retrieving and collating
the materials from the schools; recruiting and training scorers to score the
constructed-response items; scoring these items, including double scoring a
reliability sample of 1200 booklets; entering the data from the achievement
tests and background questionnaires into computer files; checking and editing
the data with the software provided by the IEA Data Processing Center; sub-
mitting the data files and materials to the IEA Data Processing Center; and
preparing a report on survey activities.

When the testing materials were received back from the schools, NRCs
had the following tasks:

¢ check that the appropriate testing materials were received for every student
listed on the Student Tracking Form;

¢ verify all identification numbers on all instruments;

¢ check that the participation status recorded on the tracking forms matched
the information on the test booklets and questionnaires; and

e follow up on schools that did not return the testing materials or for which
forms were missing, incomplete, or inconsistent.

NRCs then organized the tests for scoring and data entry. The pro-
cedures involved were designed to maintain identification information that
linked students to schools and teachers, minimize the time and effort spent
handling the booklets, ensure reliability in the constructed-response coding,
and document the reliability of the coding.
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6.3.1 Scoring the TIMSS 2003 Constructed-Response Items

Reliable application of the scoring guides to the constructed-response ques-
tions, and empirical documentation of the reliability of the scoring process,
were critical to the success of TIMSS 2003. The TIMSS 2003 Survey Operations
Manual (TIMSS, 2002a) provided suggestions about arranging for staff and
facilities for the constructed-response scoring effort required for the TIMSS
2003 main data collection; for effective training of the scorers; and for incor-
porating reliability scoring into the scheme for distributing booklets to scorers
and monitoring the scoring. Countries were to double score 1200 booklets to
document scoring reliability.

For all countries, the scope of the constructed-response scoring effort
was substantial. The assessment contained 130 constructed-response ques-
tions at fourth grade and 146 constructed-response questions at eighth grade.
These were distributed across 12 student booklets at each grade level.

6.3.1.1 Preparing to Train the Scorers

To ascertain the staff requirements for constructed-response scoring, it was
necessary to estimate the amount of scoring to be done and the amount of
time available to do it, and also to make provision for staff training and for
clerical and quality control throughout the operation. The TIMSS Interna-
tional Study Center recommended at least one half-day of training on each
of the 12 booklets, for a total of about a week for training activities.

In scoring the constructed-response items, it was vital that scoring
staff apply the scoring rules consistently and in the same way in all partici-
pating countries. Hence, in selecting those who were to do the scoring, NRCs
took care to arrange for persons who were conscientious and attentive to
detail, knowledgeable in mathematics and science, and willing to apply the
scoring guides as stated, even if they disagreed with a particular definition or
category. Preference was given to individuals with educational backgrounds
in the mathematics and science curriculum areas or who had taught at the
middle school or primary level. Good candidates for scoring included teachers,
retired teachers, college or graduate students, and staff of education agencies
or ministries and research centers.

The success of assessments that, like TIMSS, include a large propor-
tion of constructed-response questions is crucially dependent upon reliable
scoring of student responses. In TIMSS 2003, scoring reliability was assured
through the provision of detailed scoring guides (manuals), extensive train-
ing in their use, and continuous monitoring of the quality of the work. To
support training in scoring, TIMSS 2003 provided training packets for training
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in selected questions, and practice papers to help scorers achieve a consistent
level of scoring.

At the international scoring training meetings, NRCs received train-
ing packets containing example responses and practice papers to help them
achieve accuracy and consistency in scoring. For scoring guides that were
difficult, example responses were selected to illustrate the scoring categories.
The scores on these responses were explained and attached to the scoring
guides. Practice sets were created for the more difficult guides. These papers
illustrated a range of responses, beginning with several clear-cut examples.
About 10 to 15 responses were enough for most guides, but sometimes more
practice was necessary.

Each scorer received a copy of the TIMSS 2003 Main Survey Scoring
Guides for Mathematics and Science Constructed-Response Items (TIMSS, 2002d;
TIMSS, 2002e¢). These manuals explain the TIMSS scoring system, which
was designed to produce a rich and varied profile of the range of students’
competencies in mathematics and science, and provide detailed scoring guides
and example student responses for each constructed-response question in
the assessment.’

6.3.1.2 Conducting the Constructed-Response Scoring

TIMSS 2003 recommended that scorers be organized into teams of about six,
headed by a team leader. The leader’s primary responsibility was to monitor
scoring reliability by continually checking and rechecking the scores that
scorers had assigned. This process, known as back-reading, was essential for
identitfying scorers who did not understand particular guides or categories.
Early detection of any misunderstandings permitted clarification and recti-
fication of mistakes before too many responses had been scored. The back-
reading systematically covered the daily work of each scorer. If a particular
scorer appeared to have difficulty, however, then the percentage of back-
reading for that scorer was increased. Any errors discovered were brought to
the attention of the scorer responsible and corrected immediately. If a scorer
was found to have been consistently making an error, then all of the booklets
scored by that person were checked and any errors corrected.

In order to demonstrate the quality of the TIMSS 2003 data, it was
important to document the reliability of the scoring process — within coun-
tries, over time across assessments, and across countries.

6.3.1.3 Monitoring Scoring Reliability Within Each Country

To establish the reliability of the scoring within each country, NRCs were
required to have a random sample of at least 100 booklets of each of the 12

3 See Chapter 2 for a description of the TIMSS constructed-response scoring system.
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student test booklets scored independently by two different scorers. The reli-
ability sample of booklets was selected randomly by the WinW3S software.
The degree of agreement between the scores assigned by the two scorers is
a measure of the reliability of the scoring process. Since the purpose of the
double scoring was to document the consistency of the scoring procedure in
each country, the procedure used for scoring the booklets in the reliability
sample had to be as close as possible to that used for scoring the booklets
in general. The procedure recommended by the TIMSS International Study
Center was designed to blend the scoring of the reliability sample with the
normal scoring activity, to take place at the same time, and to be systemati-
cally implemented across student responses and scorers.

In scoring the booklets for the main data set, scorers entered their
scores directly into the student booklets. Therefore, in order that the reliability
scoring be done “blind” (i.e., so that the two scorers did not know each other’s
scores), the reliability scoring had to be done before the scoring for the main
data, and the reliability scores had to be recorded on a separate scoring sheet,
and not in the booklets.

To implement the scoring plan effectively it was necessary that the
scorers be divided between two equivalent teams (Team A and Team B),
and that booklets be divided into two equivalent sets (Set A and Set B). The
scorers in Team A scored around 600 of the booklets in Set B and all the book-
lets in Set A, while the scorers in Team B scored around 600 of the booklets
in Set A and all of the booklets in Set B. Each team, therefore, handled both
sets of booklets. For the set it handled first, the team did the reliablity scoring
first and recorded the results on a separate answer sheet (this was the reli-
ability sample). In the other set, the team scored all booklets and wrote the
scores directly into the booklets.

Periodically during the day, the Team B scorers scored the reliability
sample in the Set A batches, while the Team A scorers scored the reliability
sample in the Set B batches. It was important that the reliability sample was
scored as randomly drawn by the WinW3S software, and not just the top
quarter in the set. When the reliability scoring was finished, Team B scorers
marked it as completed and forwarded the batch to the Team A scorers. Simi-
larly, the Team A scorers forwarded their scored reliability booklets from Set
B to the Team B scorers. Once the booklets from Set A had been distributed
to Team A scorers and the Set B booklets to the Team B scorers, all the con-
structed-response items were scored, and the scores were entered directly
into the booklets.
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6.3.1.4 Monitoring Scoring Reliability over Time (1999 to 2003)

The double scoring of a sample of the student test booklets provided a
measure of the consistency within each country with which constructed-
response questions were scored. To measure trends since 1999 and 1995,
TIMSS 2003 included items from both of these assessments. TIMSS 2003 took
steps to show that those constructed-response items used in 2003 that also
had been used in 1999 were scored in the same way in both assessments. To
make this possible, countries that participated in TIMSS 1999 sent samples
of scored student booklets from the 1999 data collection to the IEA Data Pro-
cessing Center, where they were digitally scanned and stored for later use.
So that the student responses from 1999 could be rescored by 2003 scoring
staff as a reliability check, the DPC developed software known as the Trend
Scoring Reliability Software (TSRS) that presented the 1999 student responses
without their 1999 scores. This enabled 2003 scoring staff to score these 1999
responses without seeing the scores awarded in 1999 and so provide a check
on scoring consistency from 1999 to 2003. Those items from 1995 that were
used in TIMSS 2003 all were in multiple-choice format, and therefore scoring
reliability was not an issue.

6.3.1.5 Monitoring Scoring Reliability Across Countries

Because of the many different languages in use in TIMSS, establishing the
reliability of constructed-response scoring across all countries was not fea-
sible. However, TIMSS 2003 did conduct a cross-country study of scoring reli-
ability among northern-hemisphere countries whose scorers were proficient
in English. A sample of student responses to a subset of the mathematics
and science constructed-response items was provided by the English-speak-
ing southern hemisphere countries. These student responses were digitally
scanned and incorporated into customized software known as the Cross-
Country Scoring Reliability Software (CCSRS), developed by the DPC.
English-speaking scorers in each of the northern-hemisphere countries used
this software to independently score the student responses. The degree of
agreement between scorers from the various countries may be taken as a
measure of cross-country scoring reliability.

6.3.2 Data Entry

As described earlier in this chapter, the TEA Data Processing Center provided
an integrated computer program for keyboard data entry and data verification
known as DataEntryManager for Windows (WinDEM). This program works
on all IBM-PC compatible personal computers running under MicroSoft’s
Windows operating system (Windows 95, 98, 2000, XP, and NT). WinDem
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imports student and teacher tracking information directly from the W3S sam-
pling software, facilitating keyboard data entry of responses to test book-
lets and questionnaires. WinDEM also offered data and file management
capabilities, a convenient checking and editing mechanism, interactive error
detection, and reporting and quality control procedures. Detailed information
and operational instructions were provided in the WinDem manual. Since
WiIinDEM incorporated the international codebooks describing all variables,
use of the software ensured that the data files were produced according to
the TIMSS 2003 rules and standards for data entry. Although use of WinDEM
for all data entry tasks was strongly recommended, NRCs were permitted to
use their own procedures and computer programs, as long as all data files
conformed to the specifications of the international codebooks. DPC staff
provided training to NRCs and national center personnel at various stages of
the project, including prior to the field test and for six countries again prior
to the main data collection.

NRCs who chose not to use WinDEM for data entry still had to ensure
that all data files delivered to the DPC were in the international format and
had passed all of the verification checks built into the WinDEM program.
This can be accomplished by running WinDEM in data-checking mode on
the data files. The WinDEM data-checking facility identifies a range of prob-
lems with identification numbers, out-of-range and otherwise invalid codes,
and data file structure that can can be rectified before submitting the files to
the DPC. In addition to the data-validation checks incorporated in WinDEM,
NRCs were expected to use the WIinLINK (or LinkCheck) program supplied
by the DPC to verify the integrity of the links between the various student,
teacher, and school files. Data files were acceptable at the DPC only if the
reports generated by the WinDEM program and WinLINK programs indicated
no errors.

During the TIMSS 2003 data collection, data were gathered from
several sources, including students, teachers, and principals, as well as from a
range of tracking forms. These data were recorded into data files as follows:

¢ The school background file contained information from the school back-
ground questionnaire.

¢ The mathematics teacher background file (eighth grade only) con-
tained information from the eighth-grade mathematics teacher question-
naire.

e The science teacher background file (eighth grade only) contained
information from the eighth-grade science teacher questionnaire.

e The teacher background file (fourth grade only) contained information
from the fourth-grade classroom teacher questionnaire.
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e The student background file contained data from the student back-
ground questionnaire.

¢ The student achievement file contained the achievement test booklet
data.

¢ The constructed-response scoring reliability file contained the within-
country scoring reliability data for the constructed-response items.

When all data files had passed the WinDEM and WinLINK/LinkCheck
quality control checks, they were dispatched to the IEA Data Processing
Center in Hamburg for further checking and processing.

6.3.3  Survey Activities Report

NRCs were requested to maintain a record of their experiences during the
TIMSS 2003 data collection and to send a report to the TIMSS International
Study Center when data-collection activities were completed. The report
should describe any problems or unusual occurrences in selecting the sample
or securing school participation, translating or preparing the data-collection
instruments, administering the tests and questionnaires in the schools, scoring
the constructed-response items, or creating and checking the data files.

6.3.4 Data Management Forms

NRCs were requested to document in a series of Data Management Forms any
adaptations to the international instruments that they made while producing
their national instruments. These forms were sent to the TIMSS International
Study Center as well as to the IEA Data Processing Center. The information
is used in the data editing and formatting process to recode data wherever
possible to a form that allows for international comparisons. Additionally, the
information provided in the Data Management Forms is included in a supple-
ment to the TIMSS 2003 User Guide for the International Database.

6.4 Summary

This chapter has summarized the design and implementation of the TIMSS
2003 field operations from the point of first contact with the sampled schools
to the submission of the ckecked and verified data files to the IEA Data Pro-
cessing Center. Although the procedures were sometimes complex, each step
was clearly documented in the TIMSS operations manuals and supported by
training sessions at the NRC meetings. NRC Survey Activities Reports indi-
cated that the field operations generally went well, and that the TIMSS 2003
data were of high quality.
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Chapter 7

Quality Assurance in the TIMSS
2003 Data Collection

Eugenio J. Gonzalez and Dana Diaconu

7.1 Overview

As part of its overall quality assurance efforts, TIMSS conducted an ambi-
tious program of site visits to document the quality of the TIMSS 2003 data
collection. Together with the IEA Secretariat and the national centers, the
TIMSS & PIRLS International Study Center (ISC) identified and appointed
one International Quality Control Monitor (QCM) in each country to observe
data collection procedures at both national and classroom levels.

Quality Control Monitors had two major responsibilities: to inter-
view the National Research Coordinator (NRC) about the survey operations
and activities, and to conduct site visits to a random sample of 15 schools
in the country at each grade assessed during test administration. The QCMs
attended a two-day training session conducted by the ISC and the IEA Sec-
retariat,! where they were introduced to the TIMSS 2003 survey operations
procedures and instructed on how to conduct their interviews and site visit
observations. At the training session, QCMs received a copy of the TIMSS
2003 Manual for International Quality Control Monitors (TIMSS, 2002a), which
explained their duties in detail, and copies of the Survey Operations Manual
(TIMSS, 2002b), School Coordinator Manual (TIMSS, 2002c), and Test Adminis-
trator Manual (TIMSS, 2002d).

Fifty QCMs were trained across the 49 countries and four Bench-
marking participants where the international quality control program was
conducted.? Where necessary, QCMs who attended the training session were
permitted to recruit other QCM:s to assist them in covering the territory and

1 Two training sessions were conducted, one for countries in the southern hemisphere and the other for northern hemi-
sphere countries.

2 Iran and Israel were the only countries whose QCMs were not trained; Ontario and Quebec shared the same QCM.
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meeting the testing timetable. All together, these monitors and those trained
by them observed 1147 testing sessions (755 for grade 8 and 392 for grade 4),>
and conducted interviews with the National Research Coordinator in each of
the participating countries. Exhibit 7.1 indicates the dates of data collection
and the number of site visits by QCMs in each country.

7.2 Observing the TIMSS Test Administration

When visiting the school, the QCM had to complete a Classroom Observation
Record Form. This form was organized into four sections as follows:

e Preliminary activities of the Test Administrator
e Test session activities

e Summary observations

e Interview with the School Coordinator

7.2.1 Preliminary Activities of the Test Administrator

Section A of the Classroom Observation Record addressed the extent to which
the Test Administrator had prepared for the testing session. Monitors were
asked to note the following activities of the Test Administrator: checking the
testing materials, reading the administration script, organizing space for the
session, and arranging for the necessary equipment (e.g., pencils, a watch for
timing the testing session).

Exhibit 7.2 summarizes the results for Section A for the eighth grade.
In almost all testing sessions, Test Administrators observed the proper prepa-
ratory procedures. When deviations occurred, the QCMs provided reasonable
explanations for the discrepancies. For example, QCMs noted that the main
reason for students receiving booklets with student identifications that did not
correspond to the Student Tracking Form was because new students did not
appear on the list, as the tracking forms had been created before the students
were enrolled. In the few cases where there reportedly was not enough room
for students, QCMs indicated that it was due to unavoidable circumstances
(e.g., the test was administered in a small classroom, students had to sit two
or three at one desk or in groups of five or six around a table).

3 Operational constraints did not permit QCM visits to be conducted in five testing sessions in Japan.
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Exhibit 7.1 TIMSS 2003 International Quality Control Site Visits
Eighth Grade Fourth Grade
Countries Date of Data Number of Site Date of Data Number of Site
Collection Visits Collection Visits

Argentina Nov. 2003 16

Armenia May 2003 15 May 2003 15
Australia Oct. - Nov. 2002 15 Nov. 2002 15
Bahrain Apr.-May 2003 15

Belgium (Flemish) May 2003 15 May 2003 15
Botswana Oct. - Nov. 2002 15

Bulgaria Apr.-May 2003 15

Chile Nov. 2002 19

Chinese Taipei May 2003 15 June 2003 15
Cyprus May 2003 15 May 2003 14
Egypt May 2003 15

England June 2003 15 May 2003 15
Estonia June 2003 15

Ghana Apr.-May 2003 14

Hong Kong, SAR May 2003 15 May - June 2003 15
Hungary March 2003 15 March — Apr. 2003 15
Indonesia May 2003 15

Iran, Islamic Rep. of Apr.-May 2003 15 Apr.-May 2003 15
Israel May 2003 15

Italy Apr.-May 2003 16 Apr.-May 2003 14
Japan Feb. 2003 10 Feb. 2003 1
Jordan May 2003 15

Korea, Rep. of Apr. 2003 15

Latvia May 2003 15 May 2003 15
Lebanon Apr. 2003 15

Lithuania May 2003 15 May 2003 15
Macedonia, Rep. of May 2003 15

Malaysia Oct. 2002 15

Moldova, Rep. of May 2003 15 May 2003 15
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Exhibit 7.1 TIMSS 2003 International Quality Control Site Visits (...continued)

Eighth Grade Fourth Grade
Countries Date of Data Number of Site Date of Data Number of Site
Collection Visits Collection Visits

Morocco June 2003 15 May 2003 15
Netherlands Apr.-May 2003 13 Apr. 2003 14
New Zealand Nov. 2002 13 Nov. 2002 16
Norway Apr. 2003 20 Apr. 2003 10
Palestinian Nat'l Auth. Apr.-May 2003 15
Philippines March 2003 16 March 2003 14
Romania May — June 2003 15
Russian Federation Apr.-May 2003 15 Apr.-May 2003 15
Saudi Arabia May 2003 15
Scotland Apr.-May 2003 15 March — May 2003 15
Serbia May 2003 15
Singapore Oct. 2002 15 Oct. 2002 15
Slovak Republic May 2003 15
Slovenia Apr.-May 2003 15 May 2003 15
South Africa Oct. 2002 15
Sweden May 2003 15
Syria May 2003 15
Tunisia May 2003 14
United States Apr.-May 2003 17 Apr.-May 2003 14
Yemen May 2003 15
Benchmarking Participants
Basque Country, Spain May 2003 16
Indiana State, US*

Apr. 2003 15 Apr. 2003 15
Ontario Province, Can.
Quebec Province, Can.
TOTAL 755 392

4 Data collection for Indiana was conducted by Westat, Inc., using the same procedures that it applied in collecting the
data for the United States’ national sample for TIMSS 2003.
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Exhibit 7.2 Preliminary Activities of the Test Administrator - Eighth Grade

Question Yes No N/A
Had the Test Administrator verified adequate supplies of the test booklets? 729* 22*%* 4
Did the student identification information on the test booklets and student 71 1 3
questionnaires correspond with the Student Tracking Form?

Had the Test Administrator familiarized himself or herself with the test 729* 21%* 5
administration script prior to the testing?

Was there adequate seating space for the students to work without distrac- 737 17 1
tions?

Was there adequate room for the Test Administrator to move about during 738 17 0
the testing to ensure that students were following directions correctly?

Did the Test Administrator have a stopwatch or timer for accurately timing 723 2 8
the testing session?

Did the Test Administrator have an adequate supply of pencils and other nec- 646 102 7

essary materials ready for the students?

" Represents the number of respondents answering either “Definitely Yes” or “Probably Yes”
“* Represents the number of respondents answering either “Definitely No” or “Probably No”

The absence of a stopwatch was not considered a serious limitation.
Test Administrators who did not have a stopwatch had a wristwatch available
to monitor the time remaining in the test sessions. In about 14 percent of the
testing sessions, the QCMs noted that the Test Administrators did not have
an adequate supply of pencils for the students. However, in most of these
cases, students provided their own. In general, QCMs observed no procedural
deviations in test preparations severe enough to jeopardize the integrity of
the test administration.

Exhibit 7.3 summarizes the results for Section A for the fourth grade.
Similar to the eighth grade, in almost all testing sessions Test Administrators
observed the proper preparatory procedures, and when deviations occurred
the QCMs provided reasonable explanations for the discrepancies. As at the
eighth grade, QCMs observed no procedural deviations in test preparations
severe enough to jeopardize the integrity of the test administration.

7.2.2 Test Session Activities

Section B of the Classroom Observation Record addressed the activities that
took place during the actual testing session. These activities included follow-
ing the Test Administrator script, distributing and collecting test booklets, and
making announcements during the testing sessions.
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Exhibit 7.3 Preliminary Activities of the Test Administrator - Fourth Grade

Question Yes No N/A
Had the Test Administrator verified adequate supplies of the test booklets? 369* 16** 6
Did the student identification information on the test booklets and student

. . . ) 378 7 6
questionnaires correspond with the Student Tracking Form?
Had the Test Administrator familiarized himself or herself with the test 378 g 4
administration script prior to the testing?
Was there adequate seating space for the students to work without distrac- 378 8 5
tions?
Was there adequate room for the Test Administrator to move about during 382 4 5
the testing to ensure that students were following directions correctly?
Did the Test Administrator have a stopwatch or timer for accurately timing

. . 371 13 7

the testing session?
Did the Test Administrator have an adequate supply of pencils and other nec- 312 0 9

essary materials ready for the students?

* Represents the num
" Represents the num

ber of respondents answering either “Definitely Yes” or “Probably Yes”
ber of respondents answering either “Definitely No” or “Probably No”

The achievement test for grade in 8 was administered in two sessions
of 45 minutes each, with a short break between. Exhibit 7.4 documents the
activities associated with the first testing session and shows that at least 80
percent of the Test Administrators followed their script exactly when prepar-
ing the students, distributing the test materials, and beginning testing. In
the rare instances when changes were made to the script, these tended to be
additions or revisions, rather than deletions.

In only about five percent of the sessions visited, the total testing time
for Session 1 was not equal to the time allowed. However, in most of these
sessions, this was because all students had completed Session 1 before the
allotted time had elapsed, and so the Test Administrator reasonably went on
with the next part of the session according to the prescribed procedures. The
average testing time for Session 1 was approximately 45 minutes, same as
the allocated time.

Exhibit 7.4 also shows that only in about half of the sessions did the
Test Administrator collect booklets one at a time at the end of the session,
as prescribed in the directions. While this may seem surprising, it turns out
that when the booklets were not collected individually from each student,
students were instructed to close their test booklets and leave them on their
desks during the break. The room was then either secured or supervised
during the break.
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When asked whether the break between sessions was 20 minutes
long, QCMs tended to interpret the question quite literally. As a result, QCMs
reported that only about half of classrooms started the test after a break that
was “exactly” 20 minutes. The remainder reported having breaks that ranged
from no break at all (with all students” agreement) to about one hour.

The achievement test for grade 4 was administered in two sessions
of 36 minutes each with a short break in between. Exhibit 7.5 documents
the activities associated with the first testing session and shows that about
three-quarters of the Test Administrators followed their script exactly when
preparing the students, distributing the test materials, and beginning testing.
As at grade 8, in the rare instances when changes were made to the script,
these tended to be additions, rather than revisions or deletions.

In almost all of the sessions visited the total testing time for Session
1 corresponded to the time allowed. Where it did not, it was because all stu-
dents had completed Session 1 before the allotted time had elapsed, and the
Test Administrator went on with the next session. The average testing time
for Session 1 was approximately 36 minutes, identical to the allocated time.

Mirroring grade 8, Exhibit 7.5 also shows that in less than half of the
sessions the Test Administrator collected booklets one at a time at the end of
the session, as prescribed in the directions. Again, when the booklets were
not collected individually from each student, students were instructed to close
their test booklets and leave them on their desk during the break. The room
was then either secured or supervised during the break, in some instances
by the QCM.

Similar to grade 8, when asked whether the break between sessions
was 20 minutes long, QCMs tended to interpret the question quite literally. As
a result, only 35 percent of Test Administrators reported that the test started
after a break that was “exactly” 20 minutes. The total break time across all
countries ranged from one to 50 minutes.
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Exhibit 7.4  Testing Session 1 — Eighth Grade

Question Yes No N/A

Did the Test Administrator follow the Test Administrator’s script exactly in each of
the following tasks?

119 (minor changes)
Prepare the students 619 6
11 (major changes)

70 (minor changes)
Distribute the materials 661 "
13 (major changes)

69 (minor changes)
Begin testing 661 13
12 (major changes)

If the Test Administrator made changes to the script, how would you
describe them?

Additions 103 243 409
Revisions 100 245 410
Deletions 58 256 44
Did the Test Administrator distribute test booklets one at a time to each student? 692 52 n
Did the Test Administrator distribute the test booklets according to the booklet
. . 738 12 5
assignments on the Student Tracking Form?
Did the Test Administrator record attendance correctly on the Student
. 728 1 16
Tracking Form?
Did the total testing time for Session 1 equal the time allowed? 715 36 4
Did the Test Administrator announce “you have 10 minutes left” prior to the end
. 721 31 3
of Session 1?
Were there any other time remaining announcements made during Session 1? 124 620 n
At the end of Session 1, did the Test Administrator collect the test booklets one
- 406 341 8
at a time from each student?
Was the total time for the break between Session 1 and Session 2 equal to 304 402 9

20 minutes?
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Exhibit 7.5  Testing Session 1 - Fourth Grade

Question Yes No N/A

Did the Test Administrator follow the Test Administrator's script exactly in each of
the following tasks?

81 (minor changes)
Prepare the students 299 5
5 (major changes)

40 (minor changes)
Distribute the materials 34 8
2 (major changes)

54 (minor changes)
Begin testing 325 8
2 (major changes)

If the Test Administrator made changes to the script, how would you
describe them?

Additions 90 17 184
Revisions 44 147 200
Deletions 17 166 208
Did the Test Administrator distribute test booklets one at a time to each student? 383 3 5
Did the Test Administrator distribute the test booklets according to the booklet
) . 383 3 5
assignments on the Student Tracking Form?
Did the Test Administrator record attendance correctly on the Student
. 373 9 9
Tracking Form?
Did the total testing time for Session 1 equal the time allowed? 375 8 8
Did the Test Administrator announce “you have 10 minutes left” prior to the end
) 374 1 6
of Session 17
Were there any other time remaining announcements made during Session 1? 52 330 9
At the end of Session 1, did the Test Administrator collect the test booklets one
. 180 199 12
at a time from each student?
Was the total time for the break between Session 1 and Session 2 equal to 139 238 1

20 minutes?
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Exhibit 7.6 summarizes QCMs’ observations from the second testing
session for grade 8. In the vast majority of sessions, the Test Administrator
kept to the time limits prescribed in the directions. Exhibit 7.6 also reveals that
in about 70 percent of the sessions the Test Administrator kept to the testing
script for signaling a break. Those who did make changes mostly made addi-
tions or other minor changes such as paraphrasing the directions. However,
here too, QCMs took the question about time for restarting literally. In more
than half of the sessions, the time spent to restart the testing session was
the prescribed five minutes. For the rest, the session took up to 10 minutes
longer to restart. Finally, this exhibit also shows that in only one-quarter of
the sessions did students request additional time to complete the student
questionnaire. In most cases, this request was granted.

Exhibit 7.6  Testing Session 2 — Eighth Grade

Question Yes No N/A
Was the time spent to restart the testing with Session 2, 5 minutes? 437 314 4

Was the total time for testing in Session 2 correct as indicated in the

Administrators’ script? 718 27 10
Did the Test Administrator announce “you have 10 minutes left” prior
) 729 21 5

to the end of Session 2?
Were there any other time remaining announcements made during

. 113 631 "
Session 2?
At the end of Session 2, did the Test Administrator collect the test 650 91 14

booklets one at a time from each student?

When the Test Administrator read the script to end the testing for
Session 2, did the Test Administrator announce a break to be followed 610 89 56
by the Student Questionnaire?

135 (minor changes)
531(no changes) 67
22 (major changes)

How accurately did the Test Administrator read the script to end the
testing and signal a break?

If there were changes, how would you describe them?

Additions 45 179 531
Some minor changes 94 139 522
Omissions 41 165 549
At the end of t.he brfeak, did the Te_st Aqministrator.d.istri.bute the. 585 82 88
Student Questionnaires and give directions as specified in the script?

Did the students ask for additional time to complete the questionnaire? 192 494 69
At the end of the session, prior to dismissing the students, did the Test 622 68 65

Administrator thank the students for participating in the study?
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Exhibit 7.7 summarizes QCMs’ observations from the second testing
session for grade 4. In the large majority of sessions the Test Administrator
kept to the time limits prescribed in the directions. About 60 percent of the
Test Administrators stuck to the testing script for signaling a break. Of those
who did make changes, most made minor changes such as paraphrasing the
directions. Similar to grade 8, QCMs here also took the question about time
for restarting literally. In about 40 percent of the sessions, the time spent to
restart the testing session was the prescribed five minutes. For the rest, the
session took up to 10 minutes longer to restart. Only about one-quarter of
students requested additional time to complete the student questionnaire. In

most cases, this request was granted.

Exhibit 7.7  Testing Session 2 — Fourth Grade

Question Yes No N/A
Was the time spent to restart the testing with Session 2, 5 minutes? 169 215 7
Was the total time for testing in Session 2 correct as indicated in the

. P 372 10 9
Administrators’ script?
Did the Test Administrator announce “you have 10 minutes left” prior

. 367 15 n
to the end of Session 2?
Wer(_e there any other time remaining announcements made during 48 333 10
Session 2?
At the end of Session 2, did the Test Administrator collect the test 322 59 10
booklets one at a time from each student?
When the Test Administrator read the script to end the testing for
Session 2, did the Test Administrator announce a break to be followed 301 40 50
by the Student Questionnaire?
84 (minor changes
How accurately did the Test Administrator read the script to end the 22 ( ges) 53
testing and signal a break? .
10 (major changes)

If there were changes, how would you describe them?
Additions 29 68 294
Some minor changes 66 54 27
Omissions 25 77 289
At the end of the break, did the Test Administrator distribute the 288 2 61
Student Questionnaires and give directions as specified in the script?
Did the students ask for additional time to complete the questionnaire? 96 243 52
At the end of the session, prior to dismissing the students, did the Test 304 35 52

Administrator thank the students for participating in the study?

Responses to the remaining questions focusing on the test session
activities for eighth grade are summarized in Exhibit 7.8. These questions
dealt with topics such as student compliance with instructions and the align-
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ment of the scripted instructions with their implementation. Exhibit 7.8
shows that in almost all of the sessions, the students complied well or very
well with the instructions to stop testing. In addition, in at least 70 percent
of the sessions, breaks were conducted exactly or nearly exactly as directed
in the script. When this was not the case, it was mostly due to differences
in the amount of time allocated for the break. It is also notable that in 95
percent of the testing sessions calculators were not allowed for Session 1 — as
required in the script — while in 80 percent of cases calculators were allowed
for Session 2.

Exhibit 7.8  Test Session Activities — Eighth Grade

Question Very Well Well Fairly Well Not well at all N/A

When the Test Administrator ended Session 1, how well
did the students comply with the instruction to stop work 590 136 16 0 13
(close their booklets and put their pencils down)?

When the Test Administrator ended Session 2, how well
did the students comply with the instruction to stop work 584 142 21 0 8
(close their booklets and put their pencils down)?

Exactly Nearly the SPmeWhat Not well at all N/A
same differently

Was the first break conducted as directed in the script? 541 133 56 8 17
Waﬁ the second break conducted as directed in the 457 7 37 18 13
script?

Exactly the Longer Shorter N/A

same

How did the actual break time compare to the recom- 31 13 166 162

mended time in the script?

How did the total time allocated for the administration of
the Student Questionnaire compare to the time specified 420 150 m 74
in the script?

Yes No N/A
Were calculators allowed during Session 17 43 702 10
Were calculators allowed during Session 2? 604 142 9
Somewhat Not orderly
Very orderly orderly at all N/A
In your opinion, how orderly was the dismissal of the 502 184 1 53

students?
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Exhibit 7.9 presents the results of the remaining questions that focused
on the test session activities for grade 4. Similar to the eighth grade, Exhibit
7.9 shows that in almost all the sessions the students complied well or very
well with the instructions to stop testing. In addition, in at least two-thirds
of the sessions breaks were conducted exactly or nearly exactly as directed
in the script. When this was not the case, it was mostly due to differences in
the amount of time allocated for the break. It is also notable that calculators
were not allowed in almost all testing sessions.

Exhibit 7.9 Test Session Activities — Fourth Grade

Question Very Well Well Fairly Well N:: ‘;vl'f” N/A
When the Test Administrator ended Session 1, how well

did the students comply with the instruction to stop work 31 56 7 1 16
(close their booklets and put their pencils down)?

When the Test Administrator ended Session 2, how well
did the students comply with the instruction to stop work 317 58 6 0 10
(close their booklets and put their pencils down)?

Nearly the Somewhat Not well
Exactly same differently atall N/A

Was the first break conducted as directed in the script? 255 74 43 3 16
Was the second break conducted as directed in the script? 213 54 16 1098

Yes No N/A
Were calculators allowed during Session 1? 1 382 8
Were calculators allowed during Session 2? 21 358 12

Exactly the Longer Shorter N/A
same

How did the actual break time compared to the recom- 123 68 7 129

mended time in the script?

How does the total time allocated for the administration of
the Student Questionnaire compare to the time specified 158 110 68 55
in the script?

Somewhat Not orderly
Very orderly orderly atall N/A
In your opinion, how orderly was the dismissal of the 269 68 1 53

students?
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7.2.3 Summary Observations

Section C of the Classroom Observation Record asked QCMs to reflect on their
observations. The QCMs reported overall impressions of the test administra-
tion, including how well the Test Administrator monitored students’” conduct,
and any unusual circumstances that arose during the testing session (e.g.,
student refusal to participate, defective instrumentation, emergency situa-
tions, cheating).

The results presented in Exhibit 7.10 for grade 8 show that in almost
all sessions the testing took place without any problems. In the few sessions
where problems arose due to defective instrumentation, the Test Adminis-
trator replaced the instruments appropriately. In less than five percent of
sessions, QCMs reported evidence of students attempting to cheat on the
exam. However, when asked to explain the situation, QCMs generally indi-
cated that students were merely looking around at their neighbors to see
whether their test booklets were indeed ditferent. Because the TIMSS 2003
test design involves 12 different booklets, students were unlikely to have the
same booklet as their neighbors. The QCMs reported that on the rare occa-
sions when they observed serious efforts to cheat, the Test Administrator
intervened to prevent cheating. Most of the 31 students who were reported
to leave the room for an “emergency” during the testing session had already
completed the test. When students left the room for an emergency, Test
Administrators handled the situation appropriately by ensuring the security
of the test booklets until the students returned. Students were permitted to
complete the test when they returned to the classroom.

Exhibit 7.10 also indicates that in almost all of the testing sessions
at the eighth grade, QCMs found the behavior of students to be orderly and
cooperative. The problem cited most often by QCMs as the reason for disor-
derly behavior was the noise level of students who had completed the test
well before the prescribed 45 minutes had passed. In the few cases where
students were disruptive, the Test Administrator was able to control the situa-
tion. For the great majority of sessions, QCMs reported that the overall quality
of the sessions was either excellent or very good.

TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE



CHAPTER 7: QUALITY ASSURANCE IN THE TIMSS 2003 DATA COLLECTION

Exhibit 7.10 Summary Observations of the QCM - Eighth Grade
Question Yes No N/A

During the testing sessions did the Test Administrator walk around the room
to be sure students were working on the correct section of the test and/or 727 17 "
behaving properly?

Did the Test Administrator address students’ questions appropriately? 720 26 9
Did you see any evidence of students attempting to cheat on the tests (e.g., by
; } 39 708 8
copying from a neighbor)?
Were any defective test booklets detected and replaced before the testing
15 726 14
began?
Were any defective test booklets detected and replaced after the testing 20 706 29
began?
If any defective test booklets were replaced, did the Test Administrator replace
/ 44 19 692
them appropriately?
Did any students refuse to take the test either prior to the testing or during 17 714 2%

the testing?

If a student refused, did the Test Administrator accurately follow the instruc-
tions for excusing the student (collect the test book and record the incident on 32 16 707
the Student Tracking Form)?

Did any students leave the room for an “emergency” during the testing? 61 685 9

If a student left the room for an emergency during the testing, did the Test
Administrator address the situation appropriately (collect the test booklet, and 56 19 680
if re-admitted, return the test booklet)?

Extremely Moderately Somewhat Hardly N/A
To what extent would you descrlk}e the 511 207 2% 3 3
students as orderly and cooperative?
Definitely Some effort Hardly any N/A
effort
If the students were not cooperative and
orderly, did the Test Administrator make
an effort to control the students and the 199 37 2 o7
situation?
No, there were No, they were Yes, but Yes, a}fter
. before test- testing N/A
no late students not admitted .
ing began began
Wer_e any late students admitted to the 659 25 3 27 2
testing room?
Excellent Very good Good Fair Poor N/A
In general, how would you describe the 380 278 68 15 6 3

overall quality of the testing session?
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Exhibit 7.11 presents QCMs’ summary observations for fourth grade. Similar
to eighth grade, in almost all sessions the testing took place without any
problems. In the few sessions where problems arose due to defective instru-
mentation, the Test Administrator replaced the instruments appropriately. In
less than four percent of the sessions, QCMs reported evidence of students
attempting to cheat on the exam. Like at grade 8, when asked to explain the
situation, QCMs indicated that students were merely looking around at their
neighbors to see whether their test booklets were indeed different. The QCMs
reported that on the rare occasions when they observed serious efforts to
cheat, the Test Administrator intervened to prevent cheating. Most of the 58
students who were reported to leave the room for an “emergency” during the
testing session had already completed the test. When students left the room
for an emergency, Test Administrators handled the situation appropriately by
ensuring the security of the test booklets until the students returned. Students
were permitted to complete the test when they returned to the classroom.

Exhibit 7.11 also indicates that in almost all of the testing sessions
at the fourth grade, QCMs found the behavior of students to be orderly and
cooperative. In the few cases where students were disruptive, the Test Admin-
istrator was able to control the situation. For the great majority of sessions,
QCMs reported that the overall quality of the sessions was either excellent
or very good.
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Exhibit 7.11  Summary Observations of the QCM - Fourth Grade
Question Yes No N/A
During the testing sessions did the Test Administrator walk around the room
to be sure students were working on the correct section of the test and/or 371 n 9
behaving properly?
Did the Test Administrator address students’ questions appropriately? 380 2 9
Did you see any evidence of students attempting to cheat on the tests (e.g., by
; } 16 368 7
copying from a neighbor)?
Were any defective test booklets detected and replaced before the testing
4 377 10
began?
Were any defective test booklets detected and replaced after the testing
" 362 18
began?
If any defective test booklets were replaced, did the Test Administrator replace 19 15 357
them appropriately?
Did any students refuse to take the test either prior to the testing or during
. 14 355 22
the testing?
If a student refused, did the Test Administrator accurately follow the instruc-
tions for excusing the student (collect the test book and record the incident on 13 9 369
the Student Tracking Form)?
Did any students leave the room for an “emergency” during the testing? 31 349 "
If a student left the room for an emergency during the testing, did the Test
Administrator address the situation appropriately (collect the test booklet, and 23 13 355
if re-admitted, return the test booklet)?
Extremely Moderately Somewhat Hardly N/A
To what extent would you descrlk}e the 292 86 6 0 7
students as orderly and cooperative?
Definitely Some effort Hardly any N/A
effort
If the students were not cooperative and
orderly, did the Test Administrator make
an effort to control the students and the 103 12 0 276
situation?
No, there were No, they were Yes, but Yes, erfter
. before test- testing N/A
no late students not admitted .
ing began began
Wer.e any late students admitted to the 304 13 5 5 2
testing room?
Excellent Very good Good Fair Poor N/A
In general, how would you descn.be the 194 146 37 0 0 355
overall quality of the testing session?
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7.2.4 Interview with the School Coordinator

The QCM recorded details of the interview with the School Coordinator in
Section D of the Classroom Observation Record. The interview addressed the
shipment of assessment materials, arrangements for the test administration,
the responsiveness of the NRC to queries, the necessity for make-up sessions,
and, as a validation of within school sampling procedures, the organization
of classes in the school.

The results presented in Exhibit 7.12 for the eighth grade show that
TIMSS 2003 was an administrative success in the eyes of School Coordina-
tors. In more than 70 percent of the cases, school officials received the correct
shipment of the test materials. Mistakes that did occur tended to be minor
and could be remedied prior to testing. Furthermore, about 85 percent of
School Coordinators reported that the NRCs were responsive to their ques-
tions or concerns, and that the relations were cordial and cooperative. About
half of the School Coordinators reported that they were able to collect the
completed Teacher Questionnaires prior to student testing. Of the rest, the
vast majority reported that they were missing only one or two questionnaires
and were expecting them to be turned in shortly. It was estimated that the
Teacher Questionnaires would take about 60 minutes to complete. About 50
percent of the School Coordinators indicated that the estimate of 60 minutes
was about right, while about 10 percent reported that the questionnaires took
longer and about 22 percent that they took less time to complete.

In about 50 percent of the cases, School Coordinators indicated that
students were given special instructions, motivational talks, or incentives
prior to testing. The majority of students received motivational talks either by
a school official, classroom teacher, or the TIMSS Test Administrator. Only a
few classes received special instructions or practice, such as reading competi-
tions or extra reading assignments prior to the testing session.

Because the sampling of classes requires a complete list of all math-
ematics classes in the school at the target grade, QCMs were asked to verity that
the class list did indeed include all classes. Although a significant number of
School Coordinators reported that this was not so, there may have been some
misunderstanding since very few (about 3 percent) knew of any students not
in the classes listed.

A tribute to the planning and implementation of TIMSS 2003 was the
fact that about 85 percent of respondents said they would be willing to serve
as a School Coordinator in future international assessments. Furthermore, the
majority of School Coordinators believed the testing session went very well, and
that school staff members had positive attitudes towards the TIMSS testing.
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Exhibit 7.12 QCM Interviews with the School Coordinator - Eighth Grade

Question Yes No N/A
Prior to th(_e test day di.d you have time to check your shipment of materials from your 545 122 88
TIMSS National Coordinator?

Did you receive the correct shipment of the following items?

Test booklets 604 55 96
Test Administrator Manual 566 92 97
School Coordinator Manual 556 94 105
Student Tracking Forms 632 35 88
Student Questionnaires 609 51 95
Teacher Questionnaires 639 50 66
School Questionnaire 655 33 67
Test Administration Form 547 112 96
Teacher Tracking Form 470 176 109
Student-Teacher Linkage Form (if applicable) 264 279 212
Envelopes or boxes addressed to the National Center for the purpose of returning the

materials after the assessment 453 189 13
Was the National Coordinator responsive to your questions or concerns? 642 21 92
Were you able to collect completed Teacher Questionnaires prior to the test administra- 356 337 62

tion?

81 (more time)
373 135
166 (less time)

Was the estimated time of 60 minutes to complete the Teacher Questionnaire a correct
estimate?

Were you satisfied with the accommodations (testing room) you were able to arrange for

the testing? 695 22 38
Do you anticipate that makeup sessions will be required at your school? 77 625 53
If yes, do you intend to conduct one? 94 19 542
Did the students receive any special instructions, motivational talk, or incentives to pre-
378 331 46
pare them for the assessment?
Is this a complete list of the mathematics classes in this grade in this school? 561 82 12
To the best of your knowledge, are there any students in this grade level who are not in
. 25 606 124
any of these mathematics classes?
To the best of your knowledge are there any students in this grade level in more than one
. 16 633 106
of these mathematics classes?
If there were another international assessment, would you be willing to serve as a School 647 a5 63

Coordinator?

TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE 161



CHAPTER 7: QUALITY ASSURANCE IN THE TIMSS 2003 DATA COLLECTION

162

Exhibit 7.12 QCM Interviews with the School Coordinator - Eighth Grade (...continued)

Very well, no Satisfactorily, few  Unsatisfactorily, many
N/A
problems problems problems
Overall, how would you say the session went? 616 94 4 41
Positive Neutral Negative N/A
Overall, how would you rate the attitude of the
other school staff members towards the TIMSS 549 159 10 37
testing?
Worked well Needs improvement N/A
Overall, do you feel the TIMSS School Coordinator 584 33 138

Manual worked well or does it need improvement?

Similar to the eighth grade, the administrative success of TIMSS 2003
at the fourth grade is exemplified by the results of the QCM interviews with
School Coordinators, presented in Exhibit 7.13. School Coordinators received
the correct shipment of the test materials in most cases. In cases where ship-
ment errors occurred, they tended to be minor and were remedied prior to
testing. More than 85 percent of School Coordinators reported that the NRCs
were responsive to their questions or concerns.

About half the School Coordinators reported that they were able to
collect the completed Teacher Questionnaires prior to student testing. Of
those who did not, most reported that teachers completed their question-
naires during the testing sessions. Almost half of the School Coordinators
indicated that the estimate of 60 minutes to complete the questionnaire was
accurate, while only 11 percent reported that the questionnaires took longer
and about 26 percent that they took less time to complete.

In about 35 percent of the cases, School Coordinators indicated that
students were given special instructions, motivational talks, or incentives
prior to testing. The majority of students received motivational talks either by
a school official, classroom teacher, or the TIMSS Test Administrator. Only a
few classes received special instructions or practice, such as reading competi-
tions or extra reading assignments prior to the testing session.

As at the eighth grade, a large majority (more than 85 percent) of
School Coordinators said they would be willing to serve again in future
international assessments. Furthermore, the majority of School Coordina-
tors believed that the testing session went very well, and that school staff
members had positive attitudes towards the TIMSS testing.
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Exhibit 7.13 QCM Interviews with the School Coordinator - Fourth Grade
Question Yes No N/A

Prior to the test day did you have time to check your shipment of materials from your

TIMSS National Coordinator? 282 72 37
Did you receive the correct shipment of the following items?

Test booklets 347 15 29
Test Administrator Manual 321 42 28
School Coordinator Manual 288 43 60
Student Tracking Forms 341 20 30
Student Questionnaires 349 14 28
Teacher Questionnaires 334 15 42
School Questionnaire 362 0 29
Test Administration Form 320 42 29
Teacher Tracking Form 261 84 46
Student-Teacher Linkage Form (if applicable) 13 172 106
Envek‘)pes or boxes addressed to the National Center for the purpose of returning the 262 74 55
materials after the assessment

Was the National Coordinator responsive to your questions or concerns? 335 5 51
lli\i)enr; you able to collect completed Teacher Questionnaires prior to the test administra- 162 204 2
Wa_s the estimated time of 60 minutes to complete the Teacher Questionnaire a correct 165 45 (longer) 79
estimate? 102 (less time)

Were you satisfied with the accommodations (testing room) you were able to arrange for 371 6 1
the testing?

Do you anticipate that makeup sessions will be required at your school? 44 334 13
If yes, do you intend to conduct one? 48 58 285
Did the students receive any special instructions, motivational talk, or incentives to pre-

pare them for the assessment? 138 237 16
Is this a complete list of the mathematics classes in this grade in this school? 320 30 4
To the best of your knowledge, are there any students in this grade level who are not in 15 325 51
any of these mathematics classes?

To the best of your knowledge, are there any students in this grade level in more than one 7 342 2
of these mathematics classes?

If there were another international assessment, would you be willing to serve as a School 338 35 18

Coordinator?
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Exhibit 7.13 QCM Interviews with the School Coordinator — Fourth Grade (..continued)

Question
Very well, no Satisfactorily, few  Unsatisfactorily, many
N/A
problems problems problems
Overall, how would you say the session went? 329 42 0 20
Positive Neutral Negative N/A
Overall, how would you rate the attitude of the
other school staff members towards the TIMSS 287 86 6 12
testing?
Worked well Needs improvement N/A
Overall, do you feel the TIMSS School Coordinator 297 1 83

Manual worked well or does it need improvement?

7.3 Interview with the National Research Coordinator

In addition to observing testing sessions, QCMs conducted face-to-face inter-
views with the National Research Coordinators for their countries. The QCM
who attended the training session was responsible for conducting this inter-
view and for completing an Interview with the NRC form.>

The interview questions were designed to elicit NRCs” experiences in
preparing for and conducting the TIMSS 2003 data collection with a focus on
identifying and selecting samples, working with School Coordinators, translat-
ing the instruments, assembling and printing the test materials, packing and
shipping the test materials, scoring constructed-response questions, enter-
ing and verifying data, choosing quality assurance samples, and suggesting
improvements in the process.

7.3.1  Sampling

Section A of the NRC interview involved questions about the sampling
process. Topics covered in this section included the extent to which the NRCs
used the manuals and sampling software provided by Statistics Canada and
the IEA Data Processing Center (DPC) and found them helpful, and the dif-
ficulties encountered by NRCs as they carried out this task.

Exhibit 7.14 shows that six countries did not use the school sam-
pling manual provided, but that was because Statistics Canada selected their
sample. In one case (Bahrain), no school sampling was necessary because
the TIMSS sample included the entire school population. Four-fifth of the
NRCs used the within-school sampling software provided by the DPC to select
classes. In the cases where the sampling software was not used, it was gener-
ally because the country had its own software.

5 A total of 50 QCM interviews with the NRCs were conducted. One interview was conducted for Ontario and Quebec
combined.
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A small number of NRCs encountered organizational constraints in
their systems that necessitated deviations from the sample design. In each case,
a sampling expert was consulted to ensure that the altered design remained
compatible with the TIMSS standards. Sixty percent of NRCs reported that
the sampling procedures were not unduly difficult to implement, while nearly
40 percent found the process somewhat difficult. Nevertheless, all but two
NRCs managed to deliver school and student samples of high quality for the
data collection.®

Exhibit 7.14  Interview with the NRC - Sampling

Question Yes No N/A

Were you able to select a sample of schools and students within schools using
the Survey Operations Manual and the Sampling Manual provided by the TIMSS 44 6 0
International Study Center?

Did you use the Within-School Sampling Software provided by the TIMSS

International Study Center to select classes or students? 40 2 !
Were there any conditions or organizational constraints that necessitated devia- 8 n 0
tions from the basic sampling TIMSS design?
Very Somewhat Not difficult N/A
difficult difficult atall
In terms of the complexity of the procedures and number of personnel 0 19 30 1

needed, how would you describe the process of sample selection?

7.3.2 Working with School Coordinators

Questions in Section B of the NRC interview asked about cooperation with the
School Coordinators, specifically about communication, shipment of materi-
als, and training. A summary of the responses to the questions in Section B is
presented in Exhibit 7.15. At the time the interviews were conducted, nearly
all NRCs had contacted the School Coordinators in the sampled school, and
most had sent the appropriate materials explaining the testing procedures.
Where this was not the case, it was often because a meeting had been sched-
uled but not yet held. Half the NRCs planned to conduct formal training ses-
sions for School Coordinators prior to the test administration.

Exhibit 7.15 Interview with the NRC - School Coordinator

Question Yes No N/A
Have all the School Coordinators for your sample been contacted? 45 3 2
If yes, have you sent them materials about the testing procedures? 34 14 2
Did you have formal training sessions for the School Coordinators? 25 24 1

6 See Chapter 9 for information regarding countries’ samples.
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7.3.3 Translating the Instruments

Section C of the NRC interview dealt with translation and adaptation of
the assessment instruments and manuals. Exhibit 7.16 shows that most
NRCs were about evenly split between those who reported little difficulty
in translating and adapting the test booklets and questionnaires and those
who reported that this was somewhat or very difficult. Most NRCs, however,
reported little difficulty in translating the Test Administrator and School Coor-
dinator manuals.

In translating the test booklets, NRCs generally reported using their
own staff or a combination of staff and outside experts. Almost all NRCs
reported that they had submitted the achievement test booklets to the trans-
lation verification program at the International Study Center. At the time of
the interview, almost all had received a translation verification report back.
More than half the NRCs reported that they had already translated or planned
to translate the scoring guides for the mathematics and science constructed-
response items. Of those who did not translate the scoring guides, two coun-
tries reported that translation was not necessary, since all the scorers were
proficient in English.

Exhibit 7.16 Interviews with the NRC - Translation
Question Own Staff Outside Combination N/A
Experts
Did you use your own staff or outside experts to translate the test book-
o 15 10 25 0
lets for verification?
Very Somewhat Not difficult N/A
difficult difficult atall
How difficult was it to translate and/or adapt the test booklets? 4 20 26 0
How difficult was it to adapt the questionnaires? 3 22 25 0
How difficult was it to adapt the Test Administrator Manual? 0 9 40 1
How difficult was it to adapt the School Coordinator Manual? 0 8 35 7
Yes No N/A
Did you go through the process of submitting test booklets and receiving 187 1 1
a translation verification report from the 1SC?
Did you translate or do you plan to translate the scoring guides for math- 28 20 )

ematics and science constructed-response items?

7 Contrary to the data reported by the NRCs, all countries went through the translation verification process. See Chapter
4 for details.
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Section D of the NRC interview addressed assembling and printing the test
materials, as well as issues related to checking the materials and securely
storing them. The results in Exhibit 7.17 show that almost all NRCs were
able to assemble the test booklets according to the instructions provided, and
that nearly all conducted the recommended quality control checks during the
printing process. In the cases where the NRCs did not conduct quality assur-
ance procedures during the printing process, it was because of a shortage of
time. Thirty percent of the NRCs detected errors during the printing process.
Most countries elected to send their test booklets and questionnaires to an
external printer, but printed the manuals in-house. Nearly all NRCs reported
having followed procedures to protect the security of the tests during assem-
bly and printing. In no instance was there a breach of security reported.

Exhibit 7.17 Interview with the NRC - Assembling and Printing Test Materials
Question Yes No N/A
Wen.e you able to assemt.)le the test booklets according to the instructions 47 3 0
provided by the International Study Center?
Did you conduct the quality assurance procedures for checking the test
booklets during the printing process? 4 3 0
Were any errors detected during the printing process? 16 31 3
If errors were detected, what was the nature of the errors?
Print quality 10 10 30
Pages missing 5 10 35
Page order 1 14 35
Upside down pages 2 13 35
Did you follow p_roc_edures to protect the security of the tests during the 19 1 0
assembly and printing process?
Did you discover any potential breaches of security? 0 50 0

In-House External Combination N/A

Where did you print the test booklets? 8 34 7 1
Where did you print the questionnaires? 10 32 8 0
Where did you print the manuals (TA, SC, Scoring)? 31 n 7 1

TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE 167



CHAPTER 7: QUALITY ASSURANCE IN THE TIMSS 2003 DATA COLLECTION

168

7.3.5 Packing and Shipping the Testing Materials

Section E of the NRC interview addressed the extent to which NRCs detected
errors in the testing materials as they were packed for shipping to School
Coordinators. As shown in Exhibit 7.18, very few errors were found in any of
the materials. Errors that were discovered before distribution were remedied.
In 18 percent of the cases, the NRCs reported that they had some concerns
about confidentiality that restricted their freedom to put student names on
the booklet covers. Almost half the NRCs reported having established a pro-
cedure to confirm the schools’ receipt of the testing materials and for verifica-
tion of their contents. In most countries, NRCs reported that the deadline for
the return of materials from schools was within a day or two of testing. All
NRCs reported that the deadline was within two weeks of testing.

Exhibit 7.18 Interview with the NRC - Packaging Test Materials

Errors found

distribution

In packing the assessment materials for shipment to schools, did
you detect any errors in any of the following items?
Supply of test booklets 32 5 1 12
Supply of student questionnaires 37 1 0 12
Student tracking forms 36 0 1 13
Teacher tracking forms 36 0 0 14
Student-Teacher Linkage Form 35 1 0 14
Test Administrator manual 37 1 0 12
School Coordinator manual 33 1 1 15
Supply of Teacher Questionnaires 37 0 1 12
School questionnaire 36 1 1 12
Test book ID labels 36 1 0 13
Sequencing of booklets or questionnaires 37 1 0 12
Return labels 33 1 1 15
Self-addressed post-cards for test dates 35 1 0 14

Yes No N/A
Did concerns about confidentiality restrict your freedom to put 9 3 9

student names on the booklet covers?

Do you plan to or have already established a procedure requiring
schools to confirm receipt of the testing materials and verification 26 12 12
of the contents?
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7.3.6  Scoring Constructed-Response Questions

Section F of the NRC interview focused on the NRC’s preparation for scoring
the constructed-response items. The scoring process was an ambitious effort,
requiring the recruitment and training of scoring staff to score student
responses including double scoring to verify scoring reliability. Exhibit 7.19
indicates that, at the time of the NRC interview, about 60 percent of the
NRCs had selected their scoring staff, and roughly half of those had already
begun the training process. All NRCs reported that they understood the proce-
dures for scoring the reliability sample as explained in the Survey Operations
Manual. Two NRCs reported that their own staff would score the constructed-
response items, six reported that teachers would do so, six reported that uni-
versity students would be employed, and 37 reported that a combination of
various professionals would score the constructed-response items.

Exhibit 7.19  Interview with the NRC - Scoring

Question Yes No N/A
Have you selected your scorers for the constructed-response questions? 29 20 1
If yes, have you trained the scorers? 17 18 15
Have you scheduled the scoring sessions for the constructed-response questions? 40 9 1
Do you understand the procedure for scoring the reliability sample as explained in

. 50 0 0
the Survey Operations Manual?

Own Staff Teachers University Combination Other
Students

Who will primarily be scoring your con- ) 6 3 37 7

structed-response questions?

7.3.7 Data Entry and Verification

Section G of the NRC interview addressed preparations for data entry and
verification. As shown in Exhibit 7.20, at the time of the interviews about
two-thirds of the NRCs had selected their data entry staff and more than half
of those selected had participated in training sessions. About two-thirds of
the NRCs reported that they planned to enter the data from a percentage of
booklets twice, as a verification procedure. The estimated proportion of book-
lets to be entered twice ranged from five to 50 percent, with two countries
reporting that they planned to re-enter 100 percent of the data. Nearly all
NRCs established a secure storage area for the returned tests after data entry.
Twenty-two NRCs reported that members of their staff would enter the data
from test booklets and questionnaires, six reported that an external agency
would do so, and 18 reported that a combination of staff and external agency
people would enter the data.
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7.3.8 Quality Assurance Sample

As part of their national quality assurance activities, NRCs were required to
send National Quality Control Observers to a 10 percent sample of the schools
to observe the test administration and document compliance with prescribed
procedures. These site visits were in addition to the visits to 15 schools con-
ducted by the International Quality Control Monitors.

At the time of the NRC interviews, 64 percent of the NRCs had selected
their 10 percent quality assurance sample for site visits. Two NRCs reported
that an external agency would conduct the observations, 24 reported that a
member of their staff would do so, and 12 reported that a combination of
staff and external agency people would conduct the observations. Eight NRCs
reported that other professionals, such as inspectors, retired teachers, math-
ematics and science supervisors or university professors, would be recruited
to conduct the on-site observations.

Exhibit 7.20 Interview with the NRC - Data Entry and Verification

Question Yes No N/A
Have you selected the data entry staff? 37 " 2
If yes, have you conducted training sessions for the data entry staff? 21 17 12
Do you plan to key enter a percentage of test booklets twice as a verification 37 10 3
procedure?
Have you established a secure storage area for the returned tests after coding and

) - . 48 2 0
until the original documents can be discarded?

Own Staff Ext.ernal Combination Other
Firm

Do you plan to use your own staff or outside experts to enter
the data from the achievement test booklets and question- 22 6 18 4
naires onto computer files?

7.3.9 The Survey Activities Report

The final section of the NRC interview asked the NRC for comments on any
aspects of the study they felt might improve the assessment process. A major
concern expressed by many NRCs was a time constraint for accomplishing
all that was required to keep up with the demanding TIMSS 2003 schedule
particularly the translation and preparation of the instruments. Some NRCs
indicated they did not have ample staff.
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Chapter 8

Creating and Checking
the TIMSS 2003 Database

Juliane Barth, Ralph Carstens, and Oliver Neuschmidt

8.1 Overview

Creating the TIMSS 2003 database and ensuring its integrity was a complex
endeavor requiring close coordination and cooperation among the staff at the
IEA Data Processing Center (DPC), the TIMSS & PIRLS International Study
Center (ISC) at Boston College, Statistics Canada, and the national research
centers of participating countries. The overriding concerns were: to ensure
that all information in the database conformed to the internationally defined
data structure; that national adaptations to questionnaires were reflected
appropriately in the codebooks and documentation; and that all variables
used for international comparisons were indeed comparable across countries.
Quality control measures were applied throughout the process to assure the
quality and accuracy of the TIMSS data.

This chapter describes the data entry and verification tasks undertaken
by the National Research Coordinators (NRC) and data entry managers of
participating countries, the data checking and database creation procedures
implemented by the TEA Data Processing Center in collaboration with the
International Study Center and Statistics Canada, and the steps taken at all
institutions to confirm the integrity of the international database. Section 8.2
describes the quality measures taken in order to document the comparability
and consistency of the scoring of constructed-response achievement items
within countries, across countries, and over time (from 1999 to 2003).
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8.2 Creating and Checking the TIMSS 2003 Database

Database construction began with each national research center using the
data-entry software and codebooks provided by the IEA DPC (see Chapter 6)
to enter the data collected in the TIMSS 2003 survey into data files follow-
ing the standard international format. Before sending the files to the DPC,
national center staff applied a system of checks specified by the DPC to verity
the structure and consistency of the data files. Checking and editing the
national data sets was a matter of cooperation between the national centers,
the ISC, Statistics Canada, and the DPC team.

On receipt of the data files from each country, the IEA DPC was
responsible for checking their integrity, for applying standard cleaning rules
to verify the accuracy and consistency of the data, and for documenting
electronically any deviation from the international file structure. Any queries
were addressed to the national centers and modifications were made to the
data files as necessary. After all modifications had been applied, all data were
processed and checked again. This process of editing the data, checking the
reports, and implementing corrections was repeated as many times as nec-
essary until all data were consistent and comparable within and between
countries.

In preparation for creating the international database, the Data Pro-
cessing Center provided item statistics to the national research centers while
the International Study Center provided countries with data almanacs con-
taining international univariate statistics so that National Research Coordi-
nators could examine their data from an international perspective. This was
one of the most important checks (in terms of international comparability of
the data). While in a national context a particular statistic may seem plau-
sible, it may become apparent in comparing data across countries that it is an
outlier in an international context, even with accurate translation. Any such
instances were addressed, and the corresponding variables either recoded or
removed from the international database.

Once verified and in the international file format, the achievement
data were sent to the International Study Center where basic item statistics
were produced and reviewed. At the same time the Data Processing Center
sent data files containing information on the participation of schools and stu-
dents in each country’s sample to Statistics Canada. This information, together
with data provided by the National Research Coordinator from tracking forms
and the WinW3S: Within-School Sampling Software (IEA, 2002a), was used by
Statistics Canada to calculate sampling weights, population coverage, and
school and student participation rates.!

1 See Chapter 9 for details about TIMSS 2003 sampling design.
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When the review of the item statistics was completed and the Data
Processing Center had updated the database to include sampling weights, the
student achievement files were sent to the International Study Center where
the IRT scaling was conducted and proficiency scores in mathematics and
science generated for each participating student.? Once the sampling weights
and the proficiency scores were verified at the International Study Center,
they were sent to the Data Processing Center for inclusion in the international
database and then distributed to the national research centers.

8.3 Data Entry at the National Research Centers

Each TIMSS 2003 national research center was responsible for transcrib-
ing the information from the achievement booklets and questionnaires
into computer data files. As described in Chapter 6, the TEA DPC supplied
national centers with the Windows DataEntryManager (WinDEM) software
and manual (IEA, 2002b) to assist with data entry and held a training session
on the use of the software. The DPC also provided countries with codebooks
describing the structure of the data. The codebooks contained information
about the variable names used for each variable in the survey instruments,
and about field lengths, field locations, labels, valid ranges, default values,
and missing codes. In order to facilitate data entry, the codebooks and data
files were structured to match the test instruments and international version
of the questionnaires. This meant that for each survey instrument there was
a corresponding codebook, which served as a template for creating the cor-
responding survey instrument data file.

To assist in applying the data-entry software to the TIMSS 2003 data,
the International Study Center provided each national research center with
a Manual for Entering the TIMSS 2003 Data (TIMSS, 2002a) detailing prescribed
procedures for data entry and verification. In addition, the TIMSS 2003 Survey
Operation Manual (TIMSS, 2002b) included general instructions about the test
administration and the data entry process.

The data manager at the TIMSS national center in each country gath-
ered data from tracking forms that were used to record information on stu-
dents selected to participate in the study, as well as their schools, and teachers.
Tracking form related information was entered with the help of the WinW3S
sampling software distributed by the DPC (see Chapter 6). The responses
from the student achievement booklets as well as student, teacher, and school
questionnaires were entered into computer data files created from the code-
book templates. While strongly encouraged to use the WinDEM software
for data entry, a few participating countries elected to use a different data

2 See Chapter 11 for details about scaling procedures.
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entry system. However, they were required to conform to all specifications
established in the international codebooks and to check their data with all
consistency checks provided with the WinDEM software.

For each testing grade the following files were used during data entry:

e The WinW3S database contained sampling information as well as tracking
form information (such as student’s age, gender, and participation status)
from all sampled students, teachers, and schools.

e The student background data file contained data from the Student Back-
ground Questionnaire. Additionally, these files contained tracking informa-
tion for those countries, which did not use the WinW3S software.

e The student achievement data file contained the student’s responses to
whichever of the 12 test booklets was assigned to the student.

e In order to check the reliability of the constructed response item scoring,
the constructed-response items were scored independently by a second
scorer in a random sample of 100 of each test booklet type. The responses
from these booklets were stored in a reliability scoring file.

e Because for eighth grade, separate Mathematics Teacher and Science Teacher
Questionnaires were administered, two data files for the teachers’ data were
used, one for each questionnaire. For fourth grade, a single Teacher Question-
naire was administered, so data were entered into one teacher data file. For
all countries not using WinW3S the data files also contained information
from the teacher tracking forms.

e The school data file contained data from the School Questionnaire.

8.4 Data Checking and Editing at the National Centers

Before sending the data to the DPC for further data processing, countries were
responsible for checking the data files with programs specifically prepared
for TIMSS and for undertaking corrections as necessary. The first step was
to apply the checking programs that are a feature of the WinDEM program.
These checks are intended mainly to identify invalid data, but also can check
the consistency between some basic variables. For example, an important
feature of WinDEM is the ability to check that identification codes (IDs) are
unique within a file. The WinDEM checks were mandatory for all countries.
Additionally, after each file had been checked, the WinLINK program, which
verifies the links between the various files, had to be applied. This software
checks that the identification variables (student, teacher, class, and school
identification codes) exist and match in related survey files. NRCs were
required to resolve any problems identified by the within-country cleaning
process before submitting data files to the IEA DPC.
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8.5 Submitting Data Documentation to the IEA Data
Processing Center

In addition to the data files described above, countries were requested to
provide detailed data documentation to the IEA Data Processing Center. This
included copies of all original survey tracking forms, copies of the national
versions of test booklets and questionnaires, and a report of the survey
activities. In order that all national adaptations to the survey instruments be
documented, countries were required to submit Data Management Forms and
Cultural Adaptation Forms.

Countries also were asked to send to the DPC the sample of test book-
lets selected for double-scoring the constructed-response items (around 1200
booklets altogether). The student responses to constructed-response items in
these booklets will be digitally scanned and preserved for use in the next cycle
of TIMSS in 2007, when they will be rescored by TIMSS 2007 scoring staff to
monitor consistency in scoring practices between 2003 and 2007.

8.6 IEA DPC Quality Assurance Program

The IEA DPC went to great lengths to ensure that the data received from the
TIMSS countries were of high quality and were internationally comparable.
The foundation for quality assurance was laid before the first data arrived at
the DPC through the provision to the TIMSS countries of software designed
to standardize a range of operational and data-related tasks.

e The WinW3S software (IEA, 2002a) performed the within-school sam-
pling operations adhering strictly to the sampling rules defined by Statistics
Canada and the International Study Center. The software also created all
necessary tracking forms and stored student- and teacher- specific track-
ing form information (such as student’s age, gender, and participation
status).

e The WinDEM program (IEA, 2002b) enabled key-entry of all TIMSS test
and questionnaire data in a standard, internationally-defined format. The
software also includes a range of checks for data verification.

e The WInLINK program (and LinkT03M, its DOS version) enabled NRCs to
perform consistency checks on the identification variables across the TIMSS
survey files.

A study as complex as TIMSS required a complex data cleaning design.
To ensure that programs ran in the correct sequence, that no special require-
ments were overlooked, and that the cleaning process was implemented inde-
pendently of the persons in charge, the following steps were undertaken:
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e Before use with real data, all data-cleaning programs were thoroughly
tested using simulated data sets containing all possible problems and incon-
sistencies.

¢ All incoming data and documents were registered in a specific database.
The date of arrival was recorded, along with any specific issues meriting
attention.

¢ The cleaning was organized following strict rules. Deviations in the clean-
ing sequence were not possible, and the scope for involuntary changes to
the cleaning procedures was minimal.

e All corrections undertaken to country’s data files were listed in a country-
specific cleaning report.

¢ Occasionally it was necessary to make changes to a country’s data files.
Every such “manual” correction was logged using a specially-developed
editing program (SAS-MancCorr), which recorded all changes and allowed
DPC staff to undo changes, or to redo the whole manual cleaning process
automatically at a later stage of the cleaning.

e Data Correction Software (DCS) was developed at the IEA DPC and dis-
tributed among the participating countries to assist them in identifying and
correcting inconsistencies between variables in the background question-
naire files.

¢ Once the data-cleaning was completed for a country, all cleaning steps were
repeated from the beginning to detect any problems that might have been
inadvertently introduced during the cleaning process.

e All national adaptations that countries recorded in their documenta-
tion were verified against the structure of the national data files. All
deviations from the international data structure that were detected were
recorded in a “National Adaptation Database”. This database is available
for data analysts as an Appendix to the User’s Guide to the TIMSS 2003
International Database.

8.7 Data Checking and Editing at the IEA Data Processing Center

Once the data were entered into data files at the National Research Center,
the data files were submitted to the IEA Data Processing Center for checking
and input into the international database. This process is generally referred
to as data cleaning. The main objective of the process was to ensure that
the data adhered to international formats, that school, teacher, and student
information could be linked between different survey files, and that the
data accurately and consistently reflected the information collected within
each country.
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The program-based data cleaning consisted of the following steps:

e Documentation and structure check

e Identification variable (ID) cleaning

e Linkage check

¢ Resolving inconsistencies in background questionnaire data

8.7.1 Documentation and Structure Check

For each country, data cleaning began with an exploration of its data file
structures and a review of its data documentation: Data Management Forms,
Student Tracking Forms, Class Sampling Forms, Teacher Tracking Forms, and
Test Administration Forms. Most countries sent all required documentation
along with their data, which greatly facilitated the data checking. The DPC
contacted those countries for which documentation was incomplete and
obtained all forms necessary to complete the documentation.

The first checks implemented at the DPC looked for differences
between the international file structure and the national file structures. Some
adaptations (such as adding national variables, or omitting or modifying inter-
national variables) were made to the background questionnaires in some
countries. The extent and nature of such changes differed across the countries:
some countries administered the questionnaires without any changes (apart
from the translations), whereas other countries inserted items or options
within existing international variables or added entirely new national vari-
ables. To keep track of any adaptations, NRCs were asked to complete Data
Management Forms as they adapted the codebooks. Where necessary, the
DPC modified the structure of the country’s data to ensure that the resulting
data remained comparable between countries.

As part of this standardization process, since direct correspondence
between the data-collection instruments and the files was no longer neces-
sary, the file structure was rearranged from a booklet-oriented model designed
to facilitate data entry to an item-oriented layout more suited to data analy-
sis. Variables created purely for verification purposes during data entry were
dropped at this time, and provision was added for new variables necessary for
analysis and reporting (i.e., reporting variables, derived variables, sampling
weights, and achievement scores).

After each data file matched the international standard as specified in
the international codebooks, a series of standard cleaning rules were applied
to the files. This was conducted using software developed at the IEA DPC that
could identify and in many cases correct inconsistencies in the data. Each
problem was recorded in a database, identified by a unique problem number
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and with description of the problem and the action taken by the program or
by the staff of the DPC.

Where problems could not be rectified automatically, they were
reported to the responsible NRC so that original data-collection instruments
and tracking forms could be checked to trace the source of the errors. Wher-
ever possible, staff at the IEA Data Processing Center suggested a remedy, and
asked the NRCs to either accept it or propose an alternative. Data files then
were updated to reflect the solutions agreed on. Where the NRC could not
solve problems by inspecting the instruments or forms, a general cleaning
rule applying rectified these. After all automatic updates had been applied,
remaining corrections to the data files were applied directly by keyboard,
using a specially developed editing program (SAS-ManCorr).

8.7.2 Identification Variable (ID) Cleaning

Each record in a data file should have a unique identification number. The
existence of records with duplicate ID numbers in a file implies an error of
some kind. If two records share the same ID number, and contained exactly
the same data, one of the records was deleted and the other remained in the
database. If the records contained different data apart from the ID numbers,
and it was impossible to identify which record contained the “true data,” both
records were removed from the database. The DPC tried to keep such losses
at a minimum, and in only a few cases were data actually deleted.

The ID cleaning focused on the student background questionnaire
file, because most of the critical variables were present in this file. Apart from
the unique student ID number, there were variables pertaining to the stu-
dents’ participation and exclusion status — as well as dates of birth and dates
of testing used to calculate age at the time of testing. The Student Tracking
Forms® were essential in resolving any anomalies, as was close cooperation
with NRCs (in most cases, the Student Tracking Forms were completed in the
country’s official language). The information about participation and exclu-
sion was sent to Statistics Canada, where it was used to calculate students’
participation rates, exclusion rates, and student sampling weights.

8.7.3 Linkage Check

In TIMSS, data about students and their schools and teachers appear in several
files. It was crucial that the records from these files be linked together cor-
rectly to obtain meaningful results. The linkage was implemented through a
hierarchical ID numbering system incorporating a school, class, and student
component,* and is cross-checked against the tracking forms. The students’

3 Tracking Forms were used to record the sampling of schools, classes, teachers, and students. (see also chapter 6).

4 The ID number of a higher level is included in the ID number of a lower sampling level: the class ID includes the school
ID, and the student ID includes the class ID (e.g., student 1220523 may be described as student 23 of class 05 in school
122).
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entries in the achievement file and in the student background file must match
one another; the reliability scoring file must represent a specific part of the
achievement file; the teachers must be linked to the correct students; and the
schools must be linked to the correct teachers and students.

8.7.4 Resolving inconsistencies in background questionnaire data

The number of inconsistent and implausible responses in background files
varied from country to country, but no country’s data were completely free
of inconsistent responses. Treatment of these responses was determined on
a question-by-question basis, using available documentation to make an
informed decision. All background questionnaire data were checked for con-
sistency among the responses given. For example, question number 2(a) in
the School Questionnaire asked for the total school enrollment (number of
students) in all grades, while 2(b) asked for the enrollment in the fourth grade
only. Clearly, the number given for 2(b) should not exceed the number given
for 2(a). All such inconsistencies that were detected were flagged and the
NRCs asked to investigate. Those cases that could not be corrected or where
the data made no sense were recoded to “Omitted”.

Filter questions, which appear in some questionnaires, were used
to direct the respondent to a particular section of the questionnaire. Filter
questions and the dependent questions that follow were subject to the fol-
lowing cleaning rules: If the answer to the filter question was “No” or “Not
applicable” and yet the dependent questions were answered, then the filter
question was recoded to "Yes" or “Applicable.”

Split variable checks were applied to questions where the answer was
coded into several variables. For example question 5 in the Student Question-
naire listed a number of home possessions and asked the student to check all
that applied. Student responses were captured in a series of 16 variables, each
one coded as “Yes” if the corresponding possession was checked and “No” it
left unchecked. Occasionally, students checked the “Yes” boxes but left the
"No” boxes unchecked, or missing. Since in these cases it was clear that the
unchecked boxes actually meant “No,” these were recoded accordingly.

For further details about the standard cleaning procedures, please
refer to the TIMSS General Cleaning Documentation VII (IEA, 2003).
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Exhibit 8.1 Overview Data Processing at the DPC
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8.7.5 National Cleaning Documentation

National Research Coordinators received a detailed report of all problems
identified in their data, and of the steps applied to correct them. These
included:

e Documentation of any data problems detected by the cleaning program
and the steps applied to resolve them (General Cleaning Documentation V11
(IEA, 2003))

e A record of all deviations from the international data-collection instru-
ments and the international file structure

Additionally, the TEA DPC provided each NRC with revised data files
incorporating all agreed edits, updates, and structural modifications. The
revised files included a range of new variables that could be used for ana-
lytic purposes. For example, the student files included nationally standardized
scores in mathematics and science that could be used in national analyses to
be conducted before the international database became available.
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8.7.6 Handling of Missing Data

When the TIMSS data were entered using WinDEM, two types of entries
were possible: valid data values, and missing data values. Missing data can be
assigned a value of omitted, not administered, or invalid during data entry.

At the TEA DPC, additional missing codes were applied to the data to
be used for further analyses. In the international database, five missing codes
are used:

¢ Not administered — the respondent was not administered the actual item.
He or she had no chance to read and answer the question (assigned both
during data entry and data processing).

e Omitted — the respondent had a chance to answer the question, but did
not do so (assigned both during data entry and data processing).

e Logically not applicable — the respondent answered a preceding filter ques-
tion in a way that made the following dependent questions not applicable
to him or her (assigned during data processing only).

e Not reached (only used in the achievement files) — this code indicates those
items not reached by the students, due to a lack of time (assigned during
data processing only).

¢ Not interpretable (only used in the achievement files) — this code was used
for multiple-choice items that were answered, but the chosen answer
options were not clear, as well as for constructed-response items where
the scorer assigned two or more scores (assigned during data entry and
data processing).

8.8 Data Products

Data products sent by the IEA Data Processing Center to NRCs included both
data almanacs and data files.

8.8.1 Data Almanacs and Item Statistics

Each country received a set of data almanacs, or summaries, produced by
the TIMSS & PIRLS International Study Center. These contained weighted
summary statistics for each participating country on each variable included
in the survey instruments. The data almanacs were sent to the participating
countries for review. When necessary, they were accompanied by specific
questions about the data presented in them. They were also used by the
International Study Center during the data review and in the production of
the reporting exhibits.
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Each country also received a set of preliminary national item statistics
and reliability statistic reports for review purposes. The item statistics con-
tained summary information about items characteristics, such as the classical
item difficulty index, the classical item discrimination index, the Rasch item
difficulty, and the Rasch mean square fit index. The reliability statistics con-
tained summary statistics about the percent of agreement between scorers on
the score assigned to the items.

8.8.2 Versions of the National Data Files

Building the international database was an iterative process. The IEA Data
Processing Center provided NRCs with a new version of their country’s data
files whenever a major step in data processing was completed. This also guar-
anteed that the NRCs had a chance to review their data and run their own
checks to validate the data files. Before the TIMSS international database was
published, three versions of the data files were sent to each country. Each
country received its own data only. The first version was sent as soon as the
data could be regarded as ‘clean’ concerning identification codes and linkage
issues. These first files contained nationally standardized achievement scores
calculated by the Data Processing Center using a Rasch-based scaling method.
Documentation, with a list of the cleaning checks and corrections made in
the data, was included to enable the NRC to review the cleaning process. A
second version of the data files was sent to the NRCs when the weights and
the international achievement scores were available and had been merged
to the files. A third version was sent together with the data almanacs after
all exhibits of the TIMSS International Report have been verified and final
updates to the data files had been implemented, to enable the NRCs to vali-
date the results presented in the first international reports.

8.8.3 The International Database

The international database incorporated all national data files. Data process-
ing at the DPC ensured that:

e Information coded in each variable was internationally comparable

e National adaptations were reflected appropriately in all variables

e Questions that are not internationally comparable were removed from the
database

e All entries in the database could be linked to the appropriate respon-
dent — student, teacher, or principal.

e Sampling weights and student achievement scores were available for inter-
national comparisons
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CHAPTER 8: CREATING AND CHECKING THE TIMSS DATABASE

In a joint effort of the IEA DPC and the TIMSS & PIRLS International
Study Center at Boston College, a National Adaptations Database containing
all adaptations to questionnaires made by individual countries, and docu-
menting how they were handled, was constructed. The meaning of country
specific items can also be found in this database, as well as recoding require-
ments by the International Study Center. Information contained in this data-
base was provided in the User Guide for the international database upon
release of the TIMSS 2003 data.

The TIMSS 2003 international database is a unique resource for policy
makers and analysts, containing student mathematics and science achieve-
ment and background data from representative samples of fourth and eighth
grade students from 49 countries and four Benchmarking Particpants.
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Chapter 9

TIMSS 2003 Sampling Weights
and Participation Rates

Marc Joncas

9.1 Overview

As described in Chapter 5, TIMSS uses rigorous sampling of schools and stu-
dents to provide valid and efficient estimates of mathematics and science
achievement in the fourth- and eighth- grade student populations of partici-
pating countries. The accuracy of these estimates depends to a great extent
on the quality of the sampling in each country, which in turn is determined
by the quality of the sampling information available in designing the sam-
pling plan and the care with which the sampling activities are conducted. For
TIMSS 2003, National Research Coordinators (NRCs) worked on all phases of
sampling, in conjunction with staff from Statistics Canada and the IEA Data
Processing Centre (DPC). NRCs were trained in how to select the school and
student samples, and in how to use the sampling software provided by the
IEA Data Processing Centre. This chapter summarizes major characteristics
of the national samples, and describes the procedure for computing sampling
weights and participation rates for each country. In consultation with the
TIMSS 2003 sampling referee!, staff from Statistics Canada and the IEA DPC
reviewed the national sampling plans, sampling data, sampling frames, and
sample selection. The TIMSS & PIRLS International Study Centre (ISC) at
Boston College, jointly with Statistics Canada, the IEA DPC and the sampling
referee, used this information to evaluate the quality of the samples. Sum-
maries of the sample design for each country, including details of population
coverage and exclusions, stratification variables, and participation rates, are
provided in Appendix B.

1 Keith Rust, Westat.
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9.2 Sampling implementation

9.2.1 TIMSS 2003 Target Populations

In IEA studies, the target population for all countries is known as the inter-
national desired population. The international desired populations for TIMSS
2003 were defined as:

Population 1: All students enrolled in the upper of the two adjacent grades
that contain the largest proportion of 9-year-olds at the time of testing. This
grade level was intended to represent four years of schooling, counting from
the first year of primary or elementary schooling, and was the fourth grade
in most countries.

Population 2: All students enrolled in the upper of the two adjacent grades
that contain the largest proportion of 13-year-olds at the time of testing. This
grade level was intended to represent eight years of schooling, counting from
the first year of primary or elementary schooling, and was the eighth grade
in most countries.

To measure trends in student achievement, the TIMSS 2003 eighth-
and fourth-grade target populations were intended to correspond to the upper
grades of the TIMSS 1995 population definitions, and the TIMSS 2003 eighth-
grade target population to the eighth-grade population in TIMSS 1999.

Exhibits 9.1 and 9.2 summarize the grades identified as the target
grades for sampling in all participating countries and Benchmarking enti-
ties for the eighth and fourth grades, respectively. For most countries, the
target grades did indeed turn out to be the grades with eight and four years
of schooling. A number of countries decided to target the eighth or fourth
grades even though their students were somewhat older as a result. These
included Botswana, Estonia, Ghana, Latvia, Morocco, Romania, and South
Africa at the eighth grade and Latvia, Moldova, Morocco, and Yemen at the
fourth grade.
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Exhibit 9.1 National Grade Definitions - Eighth Grade
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Country

Armenia
Australia

Bahrain

Belgium (Flemish)
Botswana
Bulgaria

Chile

Chinese Taipei
Cyprus

Egypt

England

Estonia

Ghana

Hong Kong, SAR
Hungary
Indonesia

Iran, Islamic Rep. of
Israel

Italy

Japan

Jordan

Korea, Rep. of
Latvia

Lebanon
Lithuania
Macedonia, Rep. of
Malaysia
Moldova, Rep. of
Morocco
Netherlands
New Zealand

Norway

Palestinian Nat'l Auth.

Philippines
Romania

Russian Federation
Saudi Arabia

Country’s Name for Grade Tested

Grade 8

Year 8

Second Intermediate

2nd Grade of Secondary Education
Grade 8 (Form 1)

Grade 8

Eighth Grade of Basic Education
2nd Grade Junior High School
2nd Grade Gymnasium
Preparatory 3

Year 9

Grade 8

Junior Secondary School Il (JSS I1)
Secondary 2 (S2)

Grade 8

2nd Grade Junior Secondary School
Third Grade of Guidance School
Grade 8

Grade 8 (lll Media)

2nd Grade Lower Secondary School
Grade 8

2nd Grade Middle School

Grade 8

Grade 8

Grade 8

Grade 8

Form 2

Grade VIII

2nd Secondary

Grade 8

Year 9

Grade 8 (these students started in Grade 2)

Grade 8

2nd Year High School
Grade 8

Grade 8

2nd Year of Middle School

Years of
Formal
Schooling

8
8or9
8

8
8
8
8
8
8
8
9
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
5

8.5-9.

Mean Age of
Students Tested
14.9
13.9
14.1
14.1
15.1
14.9
14.2
14.2
13.8
14.4
14.3
15.2
15.5
14.4
14.5
14.5
14.4
14.0
13.9
14.4
13.9
14.6
15.0
14.6
14.9
14.6
143
14.9
15.2
143
14.1
13.8
14.1
14.8
15.0
14.2
14.1
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Exhibit 9.1 National Grade Definitions - Eighth Grade (...continued)

Years of

Country Country’s Name for Grade Tested Form?l St'\:j::t?gr:s(:fed
Schooling

Scotland Secondary 2 (S2) 9 13.7
Serbia 8th grade of Primary School 8 14.9
Singapore Secondary 2 8 14.3
Slovak Republic Grade 8 8 14.3
South Africa Grade 8 8 15.1
Sweden Year 8 8 14.9
Syrian Arab Republic Grade 8 8 14.0
Tunisia 8th year of basic school 8 14.8
United States Grade 8 8 14.2
Benchmarking Participants

Basque Country, Spain 2nd Course of ESO 8 14.1
Indiana State, US Grade 8 8 13.5
Ontario Province, Can. Grade 8 8 13.8
Quebec Province, Can. Secondary Il 8 14.2

9.2.2 Population Coverage and Exclusions

Exhibit 9.3 and 9.4 summarize population coverage and exclusions for the
TIMSS 2003 target populations. National coverage of the international desired
target population was generally comprehensive. For example, at the eighth
grade as shown in Exhibit 9.3, all but Indonesia, Lithuania, Morocco and
Serbia sampled from 100% of their international desired population.? Since
coverage was below 100% of the international desired population, the results
for these countries were footnoted in the TIMSS 2003 international reports
to reflect this. At fourth grade (Exhibit 9.4), only Lithuania chose a national
desired population less than the international desired population®. Since cov-
erage was below 100%, the Lithuanian fourth-grade results were footnoted
in the international reports.

Within the national desired population, it was possible to exclude
certain school types, such as very small or very remote schools, and certain
types of students, such as those with a disability that prevented them from
participating in the assessment. For most part, school-level exclusions con-
sisted of schools for the disabled and very small schools; however, there were
some exceptions that are documented in Appendix B. Within-school exclu-

2 The Indonesian population included Non-Islamic schools only, the Lithuanian population included schools catering to
Lithuanian-speaking student only, Morocco included schools from all provinces except Souss Massa Draa, Casablanca
and Gharb-Chrarda, and Serbia included schools from all provinces except Kosovo.

3 The Lithuanian population was restricted to schools catering to Lithuanian-speaking student only.

TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE



CHAPTER 9: TIMSS 2003 SAMPLING WEIGHTS AND PARTICIPATION RATES

sions generally consisted of disabled students and students who could not
be assessed in the language of the test. At fourth grade, the percentage of
excluded students was less than 10% in every country, and at eighth grade
only in Israel and Macedonia did the level of excluded students exceed this
figure. Results for these countries were annotated in the international reports.
A few countries had no within-school exclusions.

Exhibit 9.2 National Grade Definitions — Fourth Grade

Country Country’s Name for Grade Tested Yeasr:h(:)folii?l;mal St“l?j::tgaz;’:z d
Armenia Grade 4 4 10.9
Australia Year 4 4 9.9
Belgium (Flemish) Grade 4 primary education 4 10.0
Chinese Taipei Elementary School, Grade 4 4 10.2
Cyprus 4th grade Primary 4 9.9
England Year 5 5 10.3
Hong Kong, SAR Primary 4 (P4) 4 10.2
Hungary Grade 4 4 10.5
Iran, Islamic Rep. of 4th Grade of Primary School 4 10.4
Italy Grade 4 (IV Elementare) 4 9.8
Japan 4th Grade at the Elementary School 4 10.4
Latvia Grade 4 4 1.1
Lithuania Grade 4 4 10.9
Moldova, Rep. of Grade IV 4 11.0
Morocco Grade 4 Primary 4 11.0
Netherlands Grade 4 4 10.2
New Zealand Year 5 45-55 10.0
Norway Grade 4 3 9.8
Philippines Grade 4 4 10.8
Russian Federation .lF.Eil:gggggig:);i{g:f;g;?;rzcsl::gloh 3or4 10.6
Scotland Primary 5 (P5) 5 9.7
Singapore Primary 4 4 10.3
Tunisia 4th year of basic school 4 10.4
United States Grade 4 4 10.2
Yemen Grade 4 4 11.0
Benchmarking Participants

Indiana State, US Grade 4 4 9.5
Ontario Province, Can. Grade 4 4 9.8
Quebec Province, Can. 2nd Year of 2nd Cycle 4 10.1
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Within the national desired population, it was possible to exclude
certain school types, such as very small or very remote schools, and certain
types of students, such as those with a disability that prevented them from
participating in the assessment. For most part, school-level exclusions con-
sisted of schools for the disabled and very small schools; however, there were
some exceptions that are documented in Appendix B. Within-school exclu-
sions generally consisted of disabled students and students who could not
be assessed in the language of the test. At fourth grade, the percentage of
excluded students was less than 10% in every country, and at eighth grade
only in Israel and Macedonia did the level of excluded students exceed this
figure. Results for these countries were annotated in the international reports.
A few countries had no within-school exclusions.

9.2.3 General Sample design

The basic design of the sample used in TIMSS 2003 was a two-stage strati-
fied cluster design.* The first stage consisted of a sample of schools, and the
second stage of a sample of intact classrooms (usually mathematics classes)
from the target grades in the sampled schools. Countries could, with approval
from the sampling consultants, adapt the basic design to their particular situ-
ation. For example, the Russian Federation introduced an extra stage where
regions were sampled first, and then schools sampled from within the sampled
regions, and in Egypt, Morocco, Singapore, South Africa and Yemen, student
sub-sampling occurred within sampled classrooms.

The TIMSS 2003 design allowed countries to stratify the school sam-
pling frame in order to improve the precision of survey results. Countries
could use an explicit stratification procedure, by which schools were cate-
gorized according to some criterion (e.g., regions of the country), ensuring
a predetermined number of schools would be selected from each stratum.
Countries could also use an implicit stratification procedure, by which schools
were sorted according to a set of stratification variables prior to sampling. This
approach provided an efficient method of allocating the school sample in pro-
portion to the size of the implicit stratum, when used in conjunction with a
systematic probability-proportional-to-size (PPS) sampling method. Stratifica-
tion variables and procedures for each country are described in Appendix B.

4 The TIMSS 2003 sample design is described in Chapter 5.

TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE



CHAPTER 9: TIMSS 2003 SAMPLING WEIGHTS AND PARTICIPATION RATES

Exhibit 9.3  National Coverage and Overall Exclusion Rates — Eighth Grade

International Desired Population National Desired Population
Country School- Within- overall
Coverage Notes on Coverage Levtal Samr.)le Exclusions
Exclusions  Exclusions

Armenia 100% 2.9% 0.0% 2.9%
Australia 100% 0.4% 0.9% 1.3%
Bahrain 100% 0.0% 0.0% 0.0%
Belgium (Flemish) 100% 3.1% 0.1% 3.2%
Botswana 100% 0.8% 2.2% 3.0%
Bulgaria 100% 0.5% 0.0% 0.5%
Chile 100% 1.6% 0.7% 2.2%
Chinese Taipei 100% 0.2% 4.6% 4.8%
Cyprus 100% 1.1% 1.5% 2.5%
Egypt 100% 3.4% 0.0% 3.4%
England 100% 2.1% 0.0% 2.1%
Estonia 100% 2.6% 0.8% 3.4%
Ghana 100% 0.9% 0.0% 0.9%
Hong Kong, SAR 100% 3.3% 0.1% 3.4%
Hungary 100% 5.5% 3.2% 8.5%
Indonesia 80% Non-islamic schools 0.1% 0.3% 0.4%
Iran, Islamic Rep. of 100% 5.5% 1.1% 6.5%
Israel 100% 15.2% 8.6% 22.5%
Italy 100% 0.0% 3.6% 3.6%
Japan 100% 0.5% 0.1% 0.6%
Jordan 100% 0.5% 0.8% 1.3%
Korea, Rep. of 100% 1.5% 3.4% 4.9%
Latvia 100% 3.6% 0.1% 3.7%
Lebanon 100% 1.4% 0.0% 1.4%
Lithuania goo, ~ udents taughtin 1.4% 1.2% 2.6%

Lithuanian
Macedonia, Rep. of 100% 12.5% 0.0% 12.5%
Malaysia 100% 4.0% 0.0% 4.0%
Moldova, Rep. of 100% 0.7% 0.5% 1.2%

All students but Souss
Morocco 69% Massa Draa, Casablanca, 1.5% 0.0% 1.5%

Gharb-Chrarda
Netherlands 100% 3.0% 0.0% 3.0%
New Zealand 100% 1.7% 2.7% 4.4%
Norway 100% 0.9% 1.5% 2.3%
Palestinian Nat'l Auth. 100% 0.2% 0.3% 0.5%
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Exhibit 9.3  National Coverage and Overall Exclusion Rates - Eighth Grade (..continued)

Country

Philippines
Romania

Russian Federation
Saudi Arabia
Scotland

Serbia

Singapore

Slovak Republic
Slovenia

South Africa
Sweden

Syrian Arab Republic
Tunisia

United States

Benchmarking Participants

Basque Country, Spain

Indiana State, US

Ontario Province, Can.

Quebec Province, Can.
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International Desired Population

Coverage

100%
100%
100%
100%
100%
81%

100%
100%
100%
100%
100%
100%
100%
100%

100%
100%
100%
100%

Notes on Coverage

Serbia without Kosovo

National Desired Population

School-
Level
Exclusions

1.5%
0.4%
1.7%
0.3%
0.0%
2.4%
0.0%
5.0%
1.3%
0.6%
0.3%

18.7%

1.8%
0.0%

2.1%
0.0%
1.0%
1.4%

Within-
Sample
Exclusions

0.0%
0.1%
3.9%
0.2%
0.0%
0.6%
0.0%
0.0%
0.1%
0.0%
2.5%
0.0%
0.0%
4.9%

3.8%
7.8%
5.0%
3.5%

Overall
Exclusions

1.5%
0.5%
5.5%
0.5%
0.0%
2.9%
0.0%
5.0%
1.4%
0.6%
2.8%
18.8%
1.8%
4.9%

5.8%
7.8%
6.0%
4.8%
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Exhibit 9.4  National Coverage and Overall Exclusion Rates - Fourth Grade

International Desired Population National Desired Population
Country School- Within- overall
Coverage Notes on Coverage Levo.el Sample Exclusions
Exclusions  Exclusions
Armenia 100% 2.9% 0.0% 2.9%
Australia 100% 1.2% 1.6% 2.7%
Belgium (Flemish) 100% 5.9% 0.4% 6.3%
Chinese Taipei 100% 0.3% 2.8% 3.1%
Cyprus 100% 1.5% 1.4% 2.9%
England 100% 1.9% 0.0% 1.9%
Hong Kong, SAR 100% 3.7% 0.1% 3.8%
Hungary 100% 4.4% 3.9% 8.1%
Iran, Islamic Rep. of 100% 3.6% 2.1% 5.7%
Italy 100% 0.1% 4.1% 4.2%
Japan 100% 0.4% 0.3% 0.8%
Latvia 100% 4.3% 0.1% 4.4%
Lithuania gp9  Students taughtin 21% 2.6% 4.6%
Lithuanian

Moldova, Rep. of 100% 2.0% 1.6% 3.6%
Morocco 100% 2.2% 0.0% 2.2%
Netherlands 100% 4.1% 1.1% 5.2%
New Zealand 100% 1.5% 2.5% 4.0%
Norway 100% 1.7% 2.7% 4.4%
Philippines 100% 3.8% 0.7% 4.5%
Russian Federation 100% 2.2% 4.7% 6.8%
Scotland 100% 1.5% 0.0% 1.5%
Singapore 100% 0.0% 0.0% 0.0%
Slovenia 100% 0.8% 0.5% 1.3%
Tunisia 100% 0.9% 0.0% 0.9%
United States 100% 0.0% 5.1% 5.1%
Yemen 100% 0.6% 8.9% 9.5%
Benchmarking Participants

Indiana State, US 100% 0.0% 7.2% 7.2%
Ontario Province, Can. 100% 1.3% 3.5% 4.8%
Quebec Province, Can. 100% 2.7% 0.9% 3.6%

Most countries sampled 150 schools and one intact classroom (i.e.,
including all of its students) within each school. Classrooms within schools
generally were selected with equal probabilities. However, as described
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above, some countries where large classrooms are the norm sampled stu-
dents within classrooms was a means of reducing the data collection effort.
In these cases, classrooms were sampled with PPS, and then a fixed number
of students (with equal probabilities) were sampled from within the sampled
classrooms. With the approval of the sampling consultants, several countries
chose to sample more than one classroom from each sampled school. Details
of the sampling of schools and students for each country are provided in
Appendix B

The TIMSS 2003 sample designs were implemented in an acceptable
manner by all participating countries except Yemen and the Syrian Arab
Republic. Both adopted classroom sampling procedures that did not meet the
TIMSS sampling standards and so could not be approved by the International
Study Centre. As a result, data for these two countries were summarized in
an appendix to the international reports.

9.2.4 Target Population Sizes

Exhibits 9.5 and 9.6 summarize for eighth and fourth grade, respectively,
the number of schools and students in each country’s target populations, as
well as the number of sampled schools and students that participated in the
study. The population figures for schools and students were derived from the
sampling frames that countries used to draw their TIMSS samples.® As a check
on the sampling procedure, TIMSS used the sampling weights computed for
each country (see Section 9.3) to derive an estimate of the student population
size. In most cases, the estimated population size closely matched the actual
population size from the sampling frame, as shown in Exhibits 9.5 and 9.6.

5 The school and student population sizes for Russian Federation, however, were not computed from the sampling frame,
but were provided by the NRC.
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Exhibit 9.5 Population and Sample Sizes — Eighth Grade

Population Sample Mean
Country Age of
Schools Students Schools Students Est. Pop.  Students
Tested
Armenia 1,439 56,841 149 5,726 54,502 14.9
Australia 2,297 253,522 207 4,791 257,407 13.9
Bahrain 67 10,581 67 4,199 10,543 14.1
Belgium (Flemish) 1,084 70,204 148 4,970 70,637 14.1
Botswana 215 37,975 146 5,150 36,142 15.1
Bulgaria 2,360 83,202 164 4117 87,603 14.9
Chile 5,165 286,050 195 6,377 265,749 14.2
Chinese Taipei 863 318,196 150 5,379 297,842 14.2
Cyprus 59 9,700 59 4,002 9,231 13.8
Egypt 7,586 1,503,480 217 7,095 1,365,244 14.4
England 3,912 615,535 87 2,830 662,049 14.3
Estonia 517 21,419 151 4,040 20,995 15.2
Ghana 6,533 280,912 150 5,100 276,427 15.5
Hong Kong, SAR 423 84,898 125 4,972 82,693 14.4
Hungary 2,563 114,364 155 3,302 100,609 14.5
Indonesia 19,864 2,836,390 150 5,762 2,318,021 14.5
Iran, Islamic Rep. of 22,227 1,639,906 181 4,942 1,369,991 14.4
Israel 816 110,284 146 4,318 85,689 14.0
Italy 5,778 591,400 m 4,278 567,587 13.9
Japan 10,859 1,298,927 146 4,856 1,269,256 14.4
Jordan 1,676 106,875 140 4,489 96,297 13.9
Korea, Rep. of 2,593 610,271 149 5,309 570,771 14.6
Latvia 831 33,255 140 3,630 33,708 15.0
Lebanon 1,567 56,689 152 3,814 57,789 14.6
Lithuania 1,077 54,081 143 4,964 46,940 14.9
Macedonia, Rep. of 338 30,814 149 3,893 25,963 14.6
Malaysia 1,641 435,722 150 5,314 414,259 143
Moldova, Rep. of 1,352 61,158 149 4,033 61,669 14.9
Morocco 1,371 387,115 131 2,943 209,164 15.2
Netherlands 1,109 198,171 130 3,065 188,992 143
New Zealand 407 57,454 169 3,801 57,392 14.1
Norway 1,076 55,559 138 4,133 61,222 13.8
Palestinian Nat'l Auth. 872 69,210 145 5,357 64,860 141
Philippines 7,073 1,393,428 137 6,917 1,395,144 14.8
Romania 7,324 316,441 148 4,104 294,631 15.0
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Exhibit 9.5 Population and Sample Sizes — Eighth Grade (..continued)

Population Sample Mean
Country Age of
Schools Students Schools Students Est. Pop.  Students
Tested
Russian Federation 58,595 2,081,919 214 4,667 1,923,173 14.2
Saudi Arabia 6,224 355,676 155 4,295 326,754 14.1
Scotland 425 63,795 128 3,516 58,824 13.7
Serbia 1,100 92,261 149 4,296 87,330 14.9
Singapore 164 53,100 164 6,018 53,292 14.3
Slovak Republic 1,646 85,465 179 4,215 75,718 14.3
Slovenia 444 24,637 174 3,578 22,972 13.8
South Africa 8,926 1,009,215 255 8,952 783,951 15.1
Sweden 1,467 110,121 159 4,256 108,760 14.9
Syrian Arab Republic 1,687 243,356 134 4,895 201,972 14.0
Tunisia 740 196,012 150 4,931 184,104 14.8
United States 45,472 3,911,458 232 8,912 3,447,236 14.2
Benchmarking Participants
Basque Country, Spain 448 16,803 120 2,514 18,710 14.1
Indiana State, US 937 84,499 54 2,188 76,051 13.5
Ontario Province, Can. 2,919 144,603 186 4,217 145,430 13.8
Quebec Province, Can. 639 91,687 175 4,411 82,209 14.2
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Exhibit 9.6  Population and Sample Sizes — Fourth Grade

Population Sample Mean Age

Country of Students

Schools Students Schools Students Est. Pop. Tested
Armenia 1,439 56,841 148 5,674 51,844 10.9
Australia 6,779 263,710 204 4,321 257,221 9.9
Belgium (Flemish) 2,154 73,232 149 4,712 66,236 10.0
Chinese Taipei 2,436 318,173 150 4,661 311,390 10.2
Cyprus 256 10,322 150 4,328 9,946 9.9
England 15,341 646,863 123 3,585 588,366 10.3
Hong Kong, SAR 756 85,364 132 4,608 79,039 10.2
Hungary 2,563 116,580 157 3,319 101,631 10.5
Iran, Islamic Rep. of 47,274 1,668,358 m 4,352 1,322,801 10.4
Italy 7,504 555,270 m 4,282 513,655 9.8
Japan 20,256 1,185,936 150 4,535 1,172,766 10.4
Latvia 890 34,775 140 3,687 29,607 1.1
Lithuania 1,554 52,679 153 4,422 45,123 10.9
Moldova, Rep. of 1,425 58,467 151 3,981 56,649 11.0
Morocco 14,219 567,743 197 4,264 632,376 11.0
Netherlands 6,668 198,775 130 2,937 170,068 10.2
New Zealand 1,944 60,410 220 4,308 59,301 10.0
Norway 2,330 62,344 139 4,342 60,354 9.8
Philippines 34,127 2,040,230 135 4,572 1,805,303 10.8
Russian Federation 63,641 1,312,450 205 3,963 1,138,069 10.6
Scotland 1,870 63,879 125 3,936 56,191 9.7
Singapore 182 49,900 182 6,668 49,994 10.3
Slovenia 444 19,826 174 3,126 18,750 9.8
Tunisia 3,944 222,537 150 4,334 216,491 10.4
United States 71,863 4,143,117 248 9,829 3,518,039 10.2
Yemen 5,748 526,954 150 4,205 445,965 11.0
Benchmarking Participants
Indiana State, US 1,675 88,487 56 2,233 80,151 9.5
Ontario Province, Can. 3,770 153,625 189 4,362 142,180 9.8
Quebec Province, Can. 1,879 98,326 193 4,350 85,895 10.1
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9.3 Calculating Sampling Weights

While the TIMSS 2003 multistage stratified cluster design provided very eco-
nomical and effective data collection in a school environment, it resulted
in differential probabilities of selection of the students. Individual country
designs could be quite complex, as may be seen from Appendix B showing
how the design was implemented in each country. To adjust for these dif-
ferential selection probabilities and ensure accurate survey estimates, TIMSS
2003 computed a sampling weight for each participant student. Because
appropriate sampling weights were essential for the computation of accurate
survey results, the capacity to provide proper sampling weights was an essen-
tial requirement of an acceptable sample design. This section describes the
procedures for calculating sampling weights for the TIMSS 2003 data.

Sampling weights were calculated according to a three-step procedure
involving selection probabilities for schools, classrooms, and students. The
first step consisted of calculating a school weight, which also incorporated
weighting factors from any additional front-end sampling stages such regions.
A school-level participation adjustment was then made in the school weight
to compensate for any sampled schools that did not participate. That adjust-
ment was calculated independently for each explicit stratum.

In the second step, a classroom weight reflecting the probability of
the sampled classroom(s) being selected from among all the classrooms in
the school at the target grade level was calculated. This classroom weight
was calculated independently for each school. A classroom-level participation
adjustment was then made in the class weight to compensate for any sampled
classrooms that did not participate, or for classrooms where the participation
rate among students fell below 50 percent. This participation adjustment was
set to unity in cases where a single classroom was sampled in each school. If a
school agreed to take part in the study but the classroom (i.e., the classroom
teacher) refused to participate, adjustment for non-participation was made
at the school level. If one of two (or more) selected classrooms in a school
did not participate, the classroom participation adjustment was calculated for
that school, independently for each explicit stratum.

The third and final step consisted of calculating a student weight. For
most countries, because intact classrooms were sampled, each student in the
sampled classrooms was certain of selection, and so the student weight was
1.0. When students were further sampled within classrooms, a student weight
reflecting the probability of being sampled from the classroom was calculated.
A non-participation adjustment was then made to compensate for students
who did not take part in the testing. This was calculated independently for
each sampled classroom.
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The basic sampling weight attached to each student record was the
product of the three weights described above: the first stage (school) weight,
the second stage (classroom) weight, and the third stage (student) weight.
The overall student sampling weight was the product of the three weights
including non-participation adjustments.

9.3.1 The First Stage (School) Weight

Essentially, the first stage weight represented the inverse of the probability
of a school being sampled at the first stage. The TIMSS 2003 sample design
required that school selection probabilities be proportional to the school size,
generally defined as enrolment in the target grade. The basic first stage weight
for the i sampled school was thus defined as:

where n was the number of sampled schools, m; was the measure of size for
the i school, and

N
M = Zmi
i=l

where N was the total number of schools in the explicit stratum.

For countries such as the Russian Federation that included region as
a preliminary sampling step, the basic first stage weight also incorporated
the probability of selection in this stage. The first stage weight in this case
was simply the product of the “region” weight and the first stage weight, as
described above.

In some countries, schools were selected with equal probabilities. This
generally occurred when a large sampling ratio was used. In some countries
also, explicit or implicit strata were defined to deal with very large schools or
small schools. Equal probability sampling was necessary in these strata.

Under equal probability sampling, the basic first stage weight for the
i sampled school was defined as

. N
BW, =—
n

where n was the number of sampled schools and N was the total
number of schools in the explicit stratum. The basic weight for all sampled
schools in a stratum was identical in this context.
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9.3.2 School Non-Participation Adjustment

First stage weights were calculated for all sampled and replacement schools
that participated. A school-level participation adjustment was applied to com-
pensate for schools that were sampled but did not participate, and were not
replaced. Sampled schools that were found to be ineligible® were removed
from the calculation of this adjustment. The school-level participation adjust-
ment was calculated separately for each explicit stratum for all participants
except England at the eighth grade.”

The adjustment was calculated as follows:

A — ns +nr1 +nr2 +nnr

sc

n,+n,+n,

where ng was the number of originally sampled schools that participated, 7,;
and 7n,, the number of first and second replacement schools, respectively, that
participated, and #,,, the number of schools that did not participate.

The final first stage weight for the i school, corrected for non-partici-
pating schools, thus became:

FWYIC = ASC : BWS’C‘

9.3.3 The Second Stage (Classroom) Weight

The second stage weight represented the inverse of the probability of a
classroom within a sampled school being selected. Although most countries
sampled classrooms within schools with equal probability, when student sub-
sampling was involved, countries had to sample classrooms using PPS tech-
niques. Procedures for calculating sampling weights are presented below for
both approaches.

Equal Probability Weighting: For the i school, let C' be the total number of
classrooms and ¢ the number of sampled classrooms in the study. Using equal
probability sampling, the basic second stage weight assigned to all sampled
classrooms in the i school was:
; _C
B cll :_,'
c
For most countries, ¢’ took the values 1, 2 or 3. Some countries
sampled all classrooms in a selected school.

6 A sampled school was ineligible if it was found to contain no eligible (i.e. eighth- or fourth-grade students). Such
schools usually were in the sampling frame by mistake, or schools that had recently closed.

7 The sampling plan for England included implicit stratification of schools by a measure of school academic performance.
Because the school participation rate even after including replacement schools was relatively low (54 %), it was decided
to apply the school non-participation adjustment separately for each implicit stratum. Since the measure of academic
performance used for stratification was strongly related to average school mathematics and science achievement on
TIMSS, this served to reduce the potential for bias introduced by low school participation.
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Probability Proportional to Size Weighting: For the i’ school, let k'/ be
the size of the j classroom. Using PPS sampling, the final second stage weight
assigned to the ji" sampled classroom in the i school was

Ki
where ¢ was the number of sampled classrooms in the i school, as defined
earlier, and

L —
BW,, =

C’i
K'=Y k"
J=1
For most countries, ¢ took the values 1 or 2. Some countries sampled all
classrooms in a selected school.

9.3.4 Classroom Non-Participation Adjustment

Second stage weights were calculated for all sampled classrooms in the
sampled schools and replacement schools that participated. A classroom-level
participation adjustment was applied to compensate for classrooms that did
not participate or where student participation rate was below 50 percent.
Sampled classrooms with student participation below 50 percent were given
a weight of zero and considered to be non-participating. The classroom-level
participation adjustment was calculated separately for each explicit stratum.

The adjustment was calculated as follows:

s+rl+r2
i

C
_ i
cl strltr2
i
C

*

i
where ¢ was the number of sampled classrooms in the i school, as defined

earlier, and ¢, was the number of sampled classrooms in the i school that
participated.

When no subsampling of classrooms was involved, the final second
stage weight assigned to all sampled classrooms in the i school became:

FWcill = Acl BWclll
When classrooms were subsampled within schools, the final second
stage weight assigned to the j sampled classroom in the i school became:

FWy3 = A, - BW;3
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9.3.5 The Third Stage (Student) Weight

The third stage weight represented the inverse of the probability of a student
in a sampled class being selected. Where intact classrooms that included all
students were sampled, as was the case in most participating countries, this
probability was unity. However, the probability of selection varied when stu-
dents were sampled within classrooms. Procedures for calculating weights
are presented below for both sampling approaches. The third stage weight is
calculated independently for each sampled classroom.

Sampling Intact Classrooms: The basic third stage weight for the j class-
room in the i school was simply:

BW" =1.0

stl

Subsampling Students: The basic third stage weight for the j* classroom
in the " school was :

ki’j

i,j
S J

iLj —
BWY[Z -

where k7 was the size of the j classroom in the i school, as defined earlier,
and s’/ was the number of sampled students per sampled classroom. The latter
number usually remained constant for all sampled classrooms.

9.3.6 Adjustment for Student Non-Participation

The student non-participation adjustment was calculated for each participat-
ing classroom as follows:
Loy i
Ai,j — er +S/1r
st i,j
rs

S

where 5, was the number of eligible students that participated in the j*
classroom of the i school and S, was the number of eligible students that
did not participate in the j# classroom of the i school.

The third and final stage weight for students the j”* classroom in the i school
thus became

FW = 47 - BW
where A equals one when there was no student subsampling and 2 when
students were subsampled within classrooms.

204 TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE



CHAPTER 9: TIMSS 2003 SAMPLING WEIGHTS AND PARTICIPATION RATES

9.3.7 Overall Sampling Weight

The overall sampling weight was simply the product of the final first stage
weight, the final second stage weight, and the final third stage weight. For
example, when no subsampling of classrooms was involved, this product is
given by

W = FW. - FW, - FW,
or
Wi’j = ASC . BWs'lc : FW;III ’ A;;jBW;;A]

When classrooms were subsampled within schools, the overall sampling
weight was

= WL FW W
or

W' =A, - BW, - FWj - A/ BW.
It is important to note that sampling weights vary by school and classroom,
but that students within the same classroom have the same sampling weights.

It is also important to note that sampling weights were calculated separately
by explicit strata.?

9.4 Calculating School and Student Participation Rates

Since non-participation by sampled schools or students can lead to bias in
the study results, a variety of participation rates were computed to show
the level of success each country achieved in securing participation from
their sampled schools and students. To monitor school participation, three
school participation rates were computed: one based on originally sampled
schools only; one based on originally sampled and first replacement schools;
and one based on originally sampled and both first and second replacement
schools. Classroom and student participation rates were also computed, as
were overall participation rates.

9.4.1 Unweighted School Participation Rates

The three unweighted school participation rates that were computed were
the following:

sc—s __
unw

unweighted school participation rate for originally sampled schools
only

R = unweighted school participation rate, including sampled and first
replacement schools,

8 Overall sampling weights for Malaysia were modified to allow sampling estimate of national gender ratio to equal the
ratio observed on the sampling frame. This was accomplished by multiplying all male (female) student weights by the
desired constant.
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RET? = unweighted school participation rate, including sampled, first and
second replacement schools.

Each unweighted school participation rate was defined as the ratio of the
number of participating schools to the number of originally sampled schools,
excluding any ineligible schools. A school was labelled as “participating
school” if at least one of its sampled classrooms had at least a 50 percent
student participation rate. The rates were calculated as follows:

n

sc—s __ s

unw
n,+n,+n.,+n,

Rsc rl — ns+nr1

unw

n,+n,+n,+n,

n,+n,+n,

sc—r2 __
unw

n,+n,+n,+n,

9.4.2 Unweighted Classroom Participation Rates

The unweighted classroom participation rate was computed as follows (see
section 9.3.4 for a complete definition of A ;):

Rcl — L

unw Acl

9.4.3 Unweighted Student Participation Rates

The unweighted student participation rate was computed as follows where
summations are done over all participating schools and over all classrooms
with at least 50 percent of its students participating in the study:

) zsm
zs +2s

R?[

9.44 Unweighted Overall Participation Rates

Three unweighted overall participation rates were computed for each country.
They were as follows:
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R” " = unweighted overall participation rate for originally sampled schools
only

R = unweighted overall participation rate, including sampled and first
replacement schools,

R;’,f;’z = unweighted overall participation rate, including sampled, first and
second replacement schools.

For each country, the overall participation rate was defined as the product of the
unweighted school participation rate, unweighted classroom participation rate and
the unweighted student participation rate. They were calculated as follows:

ov—s __ pSsc—s cl st
Runw - Runw ’ Runw ’ Runw

ov-rl __ psc—rl cl st
Runw - Runw ’ Runw ’ Runw

ov-r2 __ psc-r2 cl st
Runw - Runw ’ Runw ’ Runw

9.4.5 \Weighted School Participation Rates
Three weighted school-level participation rates were computed for each
country. They were as follows:

R’ = weighted school participation rate for originally sampled schools
only

R = weighted school participation rate, including sampled and first
replacement schools,

Rfv‘;;rz = weighted school participation rate, including sampled, first and
second replacement schools.

The weighted school participation rates were calculated as follows:
S BWLFW P

StA
RS = i,j
wid s+rl+r2

SOPWL WP

StA
L
s+rl

> BW. -FWi,-FW}
iJ

StA

Rsc—rl _

wid T s4rl4r2

N FW.-FWi -FW,]

clQ StA
i,j
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s+rl+r2 ) o o
i, Ly, L]
: :BWsc FWCIQ FWSIA
sc—r2 __ i
RWtd T strlr2

Y Fw!

sc

EW g FW Y
LJ

where both the numerator and denominator were summations over all

responding students and the appropriate classroom-level and student-level

sampling weights were used. Q and A take the value one when no sub-

sampling was involved and two otherwise. Note that the basic school-level

weight appears in the numerator, whereas the final school-level weight

appears in the denominator.

The denominator remains unchanged in all three equations and is the
weighted estimate of the total enrolment in the target population. The numer-
ator, however, changes from one equation to the next. Only students from
originally sampled schools and from classrooms with at least 50 percent of
their students participating in the study were included in the first equation.
Students from first replacement schools were added in the second equation,
and students from first and second replacement schools were added in the
third equation.

9.4.6 Weighted Classroom Participation Rates
The weighted classroom participation rate was computed as follows:

s+rl+r2 ) o o
i, L, Ly
ZB WS‘C B WCIQ F WstA
cd i,j
RW’d T ostrltr2

D BW. FWog - FW
iJ

where both the numerator and denominator were summations over all
responding students from classrooms with at least 50 percent of their stu-
dents participating in the study, and the appropriate student-level sampling
weights were used. Note that the basic classroom-level weight appears in the
numerator, whereas the final classroom-level weight appears in the denomi-
nator. Furthermore, the denominator in this formula was the same quantity
that appears in the numerator of the weighted school-level participation rate
for all participating schools, sampled and replacement.
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9.4.7 Weighted Student Participation Rates
The weighted student participation rate was computed as follows:

s+ri+r2 ] o o
i ij i,j
EBWS‘C BWCIQ BVVstA

st L)
RWfd T ostrltr2 ) o o
i ij i,j
EBWS‘C BWCIQ FVVstA

0]

where both the numerator and denominator were summations over all
responding students from participating schools. Note that the basic student-
level weight appears in the numerator, whereas the final student-level
weight appears in the denominator. Furthermore, the denominator in this
formula was the same quantity that appears in the numerator of the weighted
classroom-level participation rate for all participating schools, sampled and
replacement.

9.4.8 Weighted Overall Participation Rates

Three weighted overall participation rates were computed. They were as
follows:

R’° = weighted overall participation rate for originally sampled schools
only

R2"" = weighted overall participation rate, including sampled and first
replacement schools,

R”""* =weighted overall participation rate, including sampled, first and
second replacement schools.

Each weighted overall participation rate was defined as the product of the
appropriate weighted school participation rate, weighted classroom participa-
tion rate and the weighted student participation rate. They were computed
as follows:

Rovfs — Rscfs 'RC/ 'RSt

wtd wtd wtd wtd

Rovfrl _ Rscfrl 'Rd 'RSt

wtd wtd witd wtd

Rov—rZ _ Rsc—rZ ‘Rd ‘RSI

wtd wtd wtd wid

Weighted school, classroom, student, and overall participation rates were
computed for each participating country using these procedures.
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9.5 Meeting TIMSS’ Standards for Sampling Participation

Countries understood that the goal for sampling participation was 100 percent
for all sampled schools and students. Guidelines for reporting achievement
data for countries securing less than full participation were modelled after
IEA’s TIMSS previous studies. As summarized in Exhibit 9.7, countries were
assigned to one of three categories on the basis of their sampling participa-
tion. Countries in Category 1 were considered to have met the TIMSS sam-
pling requirement, and to have an acceptable participation rate. Countries in
Category 2 met the sampling requirements only after including replacement
schools. Countries that failed to meet the participation requirements even
with the use of replacement schools were assigned to Category 3. One of the
main goals for quality data in TIMSS 2003 was to have as many countries as
possible achieve Category 1 status.

Exhibits 9.8 through 9.15 present the school, classroom, student, and
overall participation rates (weighted and unweighted) and achieved sample
sizes for each participating country. At the eighth grade, most countries had
excellent participation rates and belong in Category 1. However, Hong Kong,
the Netherlands, and Scotland met the sampling requirements only after
including replacement schools, and therefore belong in Category 2. Although
the United States and Morocco had overall participation rates after including
replacement schools of just below 75 percent (73 percent and 71 percent,
respectively) it was decided during the sampling adjudication that this rate did
not warrant placement in Category 3. Instead, results for the two countries
in the international reports were annotated with a double-obelisk indicating
that they nearly satisfied the guidelines for sample participation rates after
including replacement schools. Despite extraordinary efforts to secure full
participation, England’s participation fell below the minimum requirement of
50 percent, so its results were annotated accordingly and placed below a line
in exhibits in the International Reports. As described earlier in this chapter,
a special school-level participation adjustment that capitalized on the unique
implicit stratification variables used by England was applied to England’s data
to reduce the risk of bias.

At the fourth grade, all participants achieved the minimum acceptable
participation rates, although Australia, England, Hong Kong SAR, the Nether-
lands, Scotland and the United States did so only after including replacement
schools, and so their results were annotated with an obelisk in the achieve-
ment exhibits in the international report.
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Exhibit 9.7 Categories of Sampling Participation

Category 1 Acceptable sampling participation rate without the use of replacement schools.
In order to be placed in this category, a country had to have:

¢ An unweighted school response rate without replacement of at least 85% (after rounding to
nearest whole percent) AND an unweighted student response rate (after rounding) of at least
85%

OR

¢ A weighted school response rate without replacement of at least 85% (after rounding to

nearest whole percent) AND a weighted student response rate (after rounding) of at least
85%

OR

e The product of the (unrounded) weighted school response rate without replacement and the
(unrounded) weighted student response rate of at least 75% (after rounding to the nearest
whole percent).

Countries in this category would appear in the tables and figures in international reports with-
out annotation, and will be ordered by achievement as appropriate.

Category 2 Acceptable sampling participation rate only when replacement schools are included. A coun-
try would be placed in this category 2 if:

e |t failed to meet the requirements for Category 1 but had a weighted school response rate
without replacement of at least 50% (after rounding to the nearest percent)

AND EITHER

e A weighted school response rate with replacement of at least 85% (after rounding to nearest
whole percent) AND a weighted student response rate (after rounding) of at least 85%

OR

e The product of the (unrounded) weighted school response rate with replacement and the
(unrounded) weighted student response rate of at least 75% (after rounding to the nearest
whole percent).

Countries in this category would be annotated with a “dagger” in the tables and figures in
international reports, and ordered by achievement as appropriate.

Category 3 Unacceptable sampling response rate even when replacement schools are included. Countries
that could provide documentation to show that they complied with TIMSS sampling procedures
and requirements but did not meet the requirements for Category 1 or Category 2 would be
placed in Category 3.

Countries in this category would appear in a separate section of the achievement tables, below
the other countries, in international reports. These countries would be presented in alphabetical
order.
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Exhibit 9.8  School Participation Rates & Sample Sizes - Eighth Grade

School School Number Number of
Participation Participation ~ Number .of of Eligible Schools in Number of Total
Country Before After Sch.oo.ls in Schools in Original Replacement Number of
Replalcement Replalcement Original Original sample That Scho‘o!s That Scho‘o!s That
(Weighted (Weighted Sample g Participated Participated
Percentage) Percentage) Sample Participated
Armenia 99.3% 99.3% 150 150 149 0 149
Australia 80.7% 90.1% 230 226 186 21 207
Bahrain 100.0% 100.0% 67 67 67 0 67
Belgium (Flemish) 81.5% 98.7% 150 150 122 26 148
Botswana 97.6% 97.6% 152 150 146 0 146
Bulgaria 96.7% 97.0% 170 169 163 1 164
Chile 98.1% 100.0% 195 195 191 4 195
Chinese Taipei 100.0% 100.0% 150 150 150 0 150
Cyprus 100.0% 100.0% 59 59 59 0 59
Egypt 99.3% 100.0% 217 217 215 2 217
England 39.6% 54.1% 160 160 62 25 87
Estonia 99.3% 99.3% 154 152 151 0 151
Ghana 100.0% 100.0% 150 150 150 0 150
Hong Kong, SAR 74.5% 83.3% 150 150 112 13 125
Hungary 98.2% 98.7% 160 157 154 1 155
Indonesia 98.1% 100.0% 150 150 148 2 150
Iran, Islamic Rep. of 100.0% 100.0% 188 181 181 0 181
Israel 97.7% 99.4% 150 147 143 3 146
Italy 95.9% 100.0% 172 171 164 7 17
Japan 97.3% 97.3% 150 150 146 0 146
Jordan 100.0% 100.0% 150 140 140 0 140
Korea, Rep. of 99.3% 99.3% 151 150 149 0 149
Latvia 91.6% 93.9% 150 149 137 3 140
Lebanon 93.2% 95.0% 160 160 148 4 152
Lithuania 91.5% 95.3% 150 150 137 6 143
Macedonia, Rep. of 93.9% 99.4% 150 150 142 7 149
Malaysia 100.0% 100.0% 150 150 150 0 150
Moldova, Rep. of 98.8% 100.0% 150 149 147 2 149
Morocco 78.5% 78.5% 227 165 131 0 131
Netherlands 78.7% 86.7% 150 150 118 12 130
New Zealand 85.9% 97.1% 175 174 149 20 169
Norway 91.9% 91.9% 150 150 138 0 138
;i'tehs_ti“ia" Nat' 100.0% 100.0% 150 145 145 0 145

Note: Some percentages may appear inconsistent because of rounding.
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Exhibit 9. 8  School Participation Rates & Sample Sizes - Eighth Grade (...continued)

School School Number Number of
Participation Participation ~ Number of . . Number of Total
. of Eligible Schools in
Before After Schools in . _ Replacement Number of
Country L. Schools in Original
Replacement Replacement Original L Schools That Schools That
R R Original Sample That . .
(Weighted (Weighted Sample g Participated Participated
Sample Participated
Percentage) Percentage)
Philippines 81.4% 85.5% 160 160 132 5 137
Romania 99.3% 99.3% 150 149 148 0 148
Russian Federation 99.3% 99.3% 216 216 214 0 214
Saudi Arabia 95.1% 96.9% 160 160 154 1 155
Scotland 76.2% 85.3% 150 150 115 13 128
Serbia 99.3% 99.3% 150 150 149 0 149
Singapore 100.0% 100.0% 164 164 164 0 164
Slovak Republic 95.8% 100.0% 180 179 170 9 179
Slovenia 94.3% 98.7% 177 177 169 5 174
South Africa 89.4% 95.7% 265 265 241 14 255
Sweden 96.8% 99.4% 160 160 155 4 159
Syrian Arab Republic 81.0% 89.0% 150 150 121 13 134
Tunisia 100.0% 100.0% 150 150 150 0 150
United States 70.8% 78.4% 301 296 211 21 232
Benchmarking Participants
Basque Country, Spain 99.6% 100.0% 120 120 119 1 120
Indiana State, US 96.6% 96.6% 56 56 54 0 54
Ontario Province, Can. 84.4% 93.4% 200 196 171 15 186
Quebec Province, Can. 91.2% 92.8% 199 185 173 2 175

Note: Some percentages may appear inconsistent because of rounding.
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Exhibit 9.9  School Participation Rates & Sample Sizes — Fourth Grade

S.CITOOI. S.CITOOI. Number Number of

Participation Participation Number .of of Eligible Schools in Number of Total
Country Before After Schf)o.ls in Schools in Original Replacement Number of

Repla.cement Repla.cement Original Original sample That Scho_o!s That Scho_o!s That

(Weighted (Weighted Sample g Participated Participated

Percentage) Percentage) Sample Participated
Armenia 98.7% 98.7% 150 150 148 0 148
Australia 77.9% 90.3% 230 227 178 26 204
Belgium (Flemish) 88.9% 99.3% 150 150 133 16 149
Chinese Taipei 100.0% 100.0% 150 150 150 0 150
Cyprus 100.0% 100.0% 150 150 150 0 150
England 54.3% 82.0% 150 150 79 44 123
Hong Kong, SAR 77.3% 88.0% 150 150 116 16 132
Hungary 98.2% 98.7% 160 159 156 1 157
Iran, Islamic Rep. of 100.0% 100.0% 176 17 17 0 171
Italy 96.6% 100.0% 172 17 165 6 171
Japan 100.0% 100.0% 150 150 150 0 150
Latvia 91.2% 94.0% 150 149 137 3 140
Lithuania 91.6% 95.6% 160 160 147 6 153
Moldova, Rep. of 97.4% 100.0% 153 151 147 4 151
Morocco 86.8% 86.8% 227 225 197 0 197
Netherlands 51.7% 87.2% 150 149 77 53 130
New Zealand 87.0% 97.7% 228 228 194 26 220
Norway 89.3% 92.6% 150 150 134 5 139
Philippines 78.4% 85.0% 160 160 122 13 135
Russian Federation 99.4% 100.0% 206 205 204 1 205
Scotland 63.6% 83.3% 150 150 94 31 125
Singapore 100.0% 100.0% 182 182 182 0 182
Slovenia 94.6% 98.8% 177 177 169 5 174
Tunisia 100.0% 100.0% 150 150 150 0 150
United States 69.9% 82.1% 310 300 212 36 248
Yemen 100.0% 100.0% 150 150 150 0 150
Benchmarking Participants
Indiana State, US 100.0% 100.0% 56 56 56 0 56
Ontario Province, Can. 88.9% 94.5% 200 196 179 10 189
Quebec Province, Can. 99.0% 99.9% 198 194 192 1 193

Note: Some percentages may appear inconsistent because of rounding.
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Exhibit 9. 10 Student Participation Rates & Sample Sizes - Eighth Grade

Within School Number of Number of

Student Sampled Students Number of Number of Number of Number of
Country Participation Students in Withdrawn Students Students Students Students
(Weighted Participating  from Class/  Excluded Eligible Absent Assessed
Percentage) Schools School
Armenia 90.1% 6,388 56 0 6,332 606 5,726
Australia 92.6% 5,286 60 16 5,210 419 4,791
Bahrain 97.9% 4,351 64 0 4,287 88 4,199
Belgium (Flemish) 96.7% 5,161 19 7 5,135 165 4,970
Botswana 98.0% 5,388 70 70 5,248 98 5,150
Bulgaria 95.7% 4,489 167 0 4,322 205 4117
Chile 98.5% 6,528 15 39 6,474 97 6,377
Chinese Taipei 99.0% 5,525 54 37 5,434 55 5,379
Cyprus 96.0% 4,314 79 66 4,169 167 4,002
Egypt 97.5% 7,259 0 0 7,259 164 7,095
England 86.1% 3,360 34 0 3,326 496 2,830
Estonia 96.1% 4,242 28 5 4,209 169 4,040
Ghana 93.0% 5,690 189 0 5,501 401 5,100
Hong Kong, SAR 96.8% 5,204 33 4 5,167 195 4,972
Hungary 95.4% 3,506 7 34 3,465 163 3,302
Indonesia 99.0% 5,884 61 0 5,823 61 5,762
Iran, Islamic Rep. of 97.9% 5,215 18 52 5,045 103 4,942
Israel 94.7% 4,880 2 319 4,559 241 4,318
Italy 96.9% 4,628 35 173 4,420 142 4,278
Japan 95.9% 5,121 51 5 5,065 209 4,856
Jordan 96.5% 4,871 176 41 4,654 165 4,489
Korea, Rep. of 98.6% 5,451 18 50 5,383 74 5,309
Latvia 89.0% 4,146 23 5 4118 488 3,630
Lebanon 95.9% 4,030 64 0 3,966 152 3,814
Lithuania 88.9% 6,619 58 955 5,606 642 4,964
Macedonia, Rep. of 96.7% 4,028 0 0 4,028 135 3,893
Malaysia 98.2% 5,464 46 0 5,418 104 5,314
Moldova, Rep. of 96.2% 4,262 58 0 4,204 17 4,033
Morocco 90.8% 3,243 25 0 3,218 275 2,943
Netherlands 93.6% 3,283 2 0 3,281 216 3,065
New Zealand 92.8% 4,343 170 65 4,108 307 3,801
Norway 92.4% 4,569 24 61 4,484 351 4,133
Palestinian Nat'l Auth. 99.0% 5,543 17 14 5,412 55 5,357
Philippines 95.9% 7,498 288 0 7,210 293 6,917

Note: Some percentages may appear inconsistent because of rounding.
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Exhibit 9. 10 Student Participation Rates & Sample Sizes - Eighth Grade (..continued)

Within School Number of Number of

Student Sampled Students Number of Number of Number of Number of
Country Participation Students in Withdrawn Students Students Students Students
(Weighted Participating  from Class/ Excluded Eligible Absent Assessed
Percentage) Schools School

Romania 98.2% 4,249 53 4 4,192 88 4,104
Russian Federation 97.0% 4,926 50 62 4,814 147 4,667
Saudi Arabia 97.5% 4,553 115 5 4,433 138 4,295
Scotland 89.5% 3,962 24 0 3,938 422 3,516
Serbia 96.3% 4,514 52 2 4,460 164 4,296
Singapore 96.7% 6.236 5 0 6,231 213 6,018
Slovak Republic 95.4% 4,428 16 0 4,412 197 4,215
Slovenia 92.5% 3,883 19 2 3,862 284 3,578
South Africa 92.1% 9,905 320 0 9,585 633 8,952
Sweden 89.0% 4,941 58 93 4,790 534 4,256
Syrian Arab Republic 98.0% 5,001 0 1 5,000 105 4,895
Tunisia 98.0% 5,106 74 0 5,032 101 4,931
United States 94.0% 9,891 90 279 9,522 610 8,912
Benchmarking Participants

Basque Country, Spain 97.6% 2,736 a1 13 2,582 68 2,514
Indiana State, US 97.1% 2,402 43 107 2,252 64 2,188
Ontario Province, Can. 95.1% 4,693 59 208 4,426 209 4,217
Quebec Province, Can. 91.8% 4,919 78 46 4,795 384 4,41

Note: Some percentages may appear inconsistent because of rounding.
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Exhibit 9. 11 Student Participation Rates & Sample Sizes - Fourth Grade

Within School Number of Number of

Student Sampled Students Number of Number of Number of Number of
Country Participation Students in Withdrawn Students Students Students Students
(Weighted Participating  from Class/ Excluded Eligible Absent Assessed
Percentage) Schools School

Armenia 91.4% 6,275 57 0 6,218 544 5,674
Australia 94.2% 4,675 69 39 4,567 246 4,321
Belgium (Flemish) 97.7% 4,866 17 20 4,829 17 4,712
Chinese Taipei 99.3% 4,793 " 88 4,694 33 4,661
Cyprus 97.2% 4,536 27 60 4,449 121 4,328
England 92.8% 3,917 45 0 3,872 287 3,585
Hong Kong, SAR 94.9% 4,901 23 4 4,874 266 4,608
Hungary 94.0% 3,603 " 67 3,525 206 3,319
Iran, Islamic Rep. of 98.4% 4,587 83 80 4,424 72 4,352
Italy 96.7% 4,641 23 185 4,433 151 4,282
Japan 97.4% 4,690 16 16 4,658 123 4,535
Latvia 93.7% 3,980 16 4 3,960 273 3,687
Lithuania 92.0% 5,701 35 852 4,814 392 4,422
Moldova, Rep. of 97.0% 4,162 46 0 4,116 135 3,981
Morocco 93.0% 4,546 0 0 4,546 282 4,264
Netherlands 96.4% 3,080 0 30 3,050 113 2,937
New Zealand 94.8% 4,785 145 107 4,533 225 4,308
Norway 95.2% 4,706 22 107 4,577 235 4,342
Philippines 95.0% 5,225 40 31 5,154 582 4,572
Russian Federation 96.8% 4,229 54 66 4,109 146 3,963
Scotland 92.0% 4,283 34 0 4,249 313 3,936
Singapore 97.6% 6,851 16 0 6,835 167 6,668
Slovenia 91.7% 3,410 13 17 3,380 254 3,126
Tunisia 98.9% 4,408 23 0 4,385 51 4,334
United States 95.5% 10,795 49 429 10,317 488 9,829
Yemen 92.6% 4,550 0 0 4,550 345 4,205
Benchmarking Participants

Indiana State, US 98.2% 2,472 44 151 2,277 44 2,233
Ontario Province, Can. 95.6% 4,813 91 158 4,564 202 4,362
Quebec Province, Can. 91.2% 4,864 51 73 4,740 390 4,350

Note: Some percentages may appear inconsistent because of rounding.
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Exhibit 9. 12 Unweighted School, Class, and Student Participation Rates — Eighth Grade

School School Overall Overall
Country Participation Participation Fl_ass . St_Ufien’f Participation Participation

Before After Participation Participation Before After

Replacement Replacement Replacement Replacement

Armenia 99% 99% 99% 90% 89% 89%
Australia 82% 92% 100% 92% 76% 84%
Bahrain 100% 100% 100% 98% 98% 98%
Belgium (Flemish) 81% 99% 98% 97% 77% 94%
Botswana 97% 97% 100% 98% 96% 96%
Bulgaria 96% 97% 99% 95% 91% 92%
Chile 98% 100% 100% 99% 96% 99%
Chinese Taipei 100% 100% 100% 99% 99% 99%
Cyprus 100% 100% 100% 96% 96% 96%
Egypt 99% 100% 100% 98% 97% 98%
England 39% 54% 99% 85% 33% 46%
Estonia 99% 99% 100% 96% 95% 95%
Ghana 100% 100% 100% 93% 93% 93%
Hong Kong, SAR 75% 83% 99% 96% 1% 80%
Hungary 98% 99% 100% 95% 93% 94%
Indonesia 99% 100% 100% 99% 98% 99%
Iran, Islamic Rep. of 100% 100% 100% 98% 98% 98%
Israel 97% 99% 100% 95% 92% 94%
Italy 96% 100% 100% 97% 93% 97%
Japan 97% 97% 100% 96% 93% 93%
Jordan 100% 100% 100% 96% 96% 96%
Korea, Rep. of 99% 99% 100% 99% 98% 98%
Latvia 92% 94% 99% 88% 81% 82%
Lebanon 93% 95% 100% 96% 89% 91%
Lithuania 91% 95% 100% 89% 81% 84%
Macedonia, Rep. of 95% 99% 100% 97% 91% 96%
Malaysia 100% 100% 100% 98% 98% 98%
Moldova, Rep. of 99% 100% 100% 96% 95% 96%
Morocco 79% 79% 100% 91% 73% 73%
Netherlands 79% 87% 100% 93% 73% 81%
New Zealand 86% 97% 100% 93% 79% 90%
Norway 92% 92% 100% 92% 85% 85%
Palestinian Nat'l Auth. 100% 100% 100% 99% 99% 99%
Philippines 83% 86% 100% 96% 79% 82%
Romania 99% 99% 100% 98% 97% 97%
Russian Federation 99% 99% 100% 97% 96% 96%

Note: Some percentages may appear inconsistent because of rounding.
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Exhibit 9. 12 Unweighted School, Class, and Student Participation Rates - Eighth Grade (..continued)

School School Overall Overall
Country Participation Participation .Cl.ass . St.u.dent. Participation Participation

Before After Participation Participation Before After

Replacement Replacement Replacement Replacement

Saudi Arabia 96% 97% 100% 97% 93% 94%
Scotland 77% 85% 100% 89% 68% 76%
Serbia 99% 99% 100% 96% 96% 96%
Singapore 100% 100% 100% 97% 97% 97%
Slovak Republic 95% 100% 100% 96% 91% 96%
Slovenia 95% 98% 100% 93% 88% 91%
South Africa 91% 96% 100% 93% 85% 90%
Sweden 97% 99% 99% 89% 85% 87%
Syrian Arab Republic 81% 89% 100% 98% 79% 87%
Tunisia 100% 100% 100% 98% 98% 98%
United States 1% 78% 99% 94% 66% 73%
Benchmarking Participants
Basque Country, Spain 99% 100% 100% 97% 97% 97%
Indiana State, US 96% 96% 100% 97% 94% 94%
Ontario Province, Can. 87% 95% 100% 95% 83% 90%
Quebec Province, Can. 94% 95% 100% 92% 86% 87%

Note: Some percentages may appear inconsistent because of rounding.
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Exhibit 9. 13 Unweighted School, Class, and Student Participation Rates - Fourth Grade

School School Overall Overall
Country Participation Participation (.:|f’iSS . St.uSien'f Participation Participation

Before After Participation Participation Before After

Replacement Replacement Replacement Replacement

Armenia 99% 99% 100.0% 91% 90% 90%
Australia 78% 90% 100% 95% 74% 85%
Belgium (Flemish) 89% 99% 100% 98% 87% 97%
Chinese Taipei 100% 100% 100% 99% 99% 99%
Cyprus 100% 100% 100% 97% 97% 97%
England 53% 82% 100% 93% 49% 76%
Hong Kong, SAR 77% 88% 99% 95% 73% 83%
Hungary 98% 99% 100% 94% 92% 93%
Iran, Islamic Rep. of 100% 100% 100% 98% 98% 98%
Italy 96% 100% 100% 97% 93% 97%
Japan 100% 100% 100% 97% 97% 97%
Latvia 92% 94% 100% 93% 86% 87%
Lithuania 92% 96% 99% 92% 84% 87%
Moldova, Rep. of 97% 100% 100% 97% 94% 97%
Morocco 88% 88% 100% 94% 82% 82%
Netherlands 52% 87% 100% 96% 50% 84%
New Zealand 85% 96% 100% 95% 81% 92%
Norway 89% 93% 100% 95% 85% 88%
Philippines 76% 84% 100% 89% 68% 75%
Russian Federation 100% 100% 100% 96% 96% 96%
Scotland 63% 83% 100% 93% 58% 77%
Singapore 100% 100% 100% 98% 98% 98%
Slovenia 95% 98% 100% 92% 88% 91%
Tunisia 100% 100% 100% 99% 99% 99%
United States 1% 83% 99% 95% 67% 78%
Yemen 100% 100% 100% 92% 92% 92%
Benchmarking Participants
Indiana State, US 100% 100% 100% 98% 98% 98%
Ontario Province, Can. 91% 96% 100% 96% 87% 92%
Quebec Province, Can. 99% 99% 100% 92% 91% 91%

Note: Some percentages may appear inconsistent because of rounding.
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Exhibit 9. 14 Weighted School, Class, and Student Participation Rates - Eighth Grade

School School Overall Overall
Country Participation Participation (.Zl.ass . St.ugent. Participation Participation

Before After Participation Participation Before After

Replacement Replacement Replacement Replacement

Armenia 99% 99% 99% 90% 89% 89%
Australia 81% 90% 100% 93% 75% 83%
Bahrain 100% 100% 100% 98% 98% 98%
Belgium (Flemish) 82% 99% 98% 97% 77% 94%
Botswana 98% 98% 100% 98% 96% 96%
Bulgaria 97% 97% 99% 96% 92% 92%
Chile 98% 100% 100% 99% 97% 99%
Chinese Taipei 100% 100% 100% 99% 99% 99%
Cyprus 100% 100% 100% 96% 96% 96%
Egypt 99% 100% 100% 97% 97% 97%
England 40% 54% 99% 86% 34% 46%
Estonia 99% 99% 100% 96% 95% 95%
Ghana 100% 100% 100% 93% 93% 93%
Hong Kong, SAR 74% 83% 99% 97% 72% 80%
Hungary 98% 99% 100% 95% 94% 94%
Indonesia 98% 100% 100% 99% 97% 99%
Iran, Islamic Rep. of 100% 100% 100% 98% 98% 98%
Israel 98% 99% 100% 95% 93% 94%
Italy 96% 100% 100% 97% 93% 97%
Japan 97% 97% 100% 96% 93% 93%
Jordan 100% 100% 100% 96% 96% 96%
Korea, Rep. of 99% 99% 100% 99% 98% 98%
Latvia 92% 94% 100% 89% 81% 83%
Lebanon 93% 95% 100% 96% 89% 91%
Lithuania 92% 95% 100% 89% 81% 84%
Macedonia, Rep. of 94% 99% 100% 97% 91% 96%
Malaysia 100% 100% 100% 98% 98% 98%
Moldova, Rep. of 99% 100% 100% 96% 95% 96%
Morocco 79% 79% 100% 91% 1% 1%
Netherlands 79% 87% 100% 94% 74% 81%
New Zealand 86% 97% 100% 93% 80% 90%
Norway 92% 92% 100% 92% 85% 85%
Palestinian Nat'l Auth. 100% 100% 100% 99% 99% 99%
Philippines 81% 86% 100% 96% 78% 82%

Note: Some percentages may appear inconsistent because of rounding.
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Exhibit 9. 14 Weighted School, Class, and Student Participation Rates — Eighth Grade (..continued)

School School Overall Overall
Country Participation Participation _Cl:ass . St_ufient. Participation Participation

Before After Participation Participation Before After

Replacement Replacement Replacement Replacement

Romania 99% 99% 100% 98% 98% 98%
Russian Federation 99% 99% 100% 97% 96% 96%
Saudi Arabia 95% 97% 100% 97% 93% 94%
Scotland 76% 85% 100% 89% 68% 76%
Serbia 99% 99% 100% 96% 96% 96%
Singapore 100% 100% 100% 97% 97% 97%
Slovak Republic 96% 100% 100% 95% 91% 95%
Slovenia 94% 99% 100% 93% 87% 91%
South Africa 89% 96% 100% 92% 82% 88%
Sweden 97% 99% 99% 89% 85% 87%
Syrian Arab Republic 81% 89% 100% 98% 79% 87%
Tunisia 100% 100% 100% 98% 98% 98%
United States 1% 78% 99% 94% 66% 73%
Benchmarking Participants
Basque Country, Spain 100% 100% 100% 98% 97% 98%
Indiana State, US 97% 97% 100% 97% 94% 94%
Ontario Province, Can. 84% 93% 100% 95% 80% 89%
Quebec Province, Can. 91% 93% 100% 92% 84% 85%

Note: Some percentages may appear inconsistent because of rounding.
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Exhibit 9. 15 Weighted School, Class, and Student Participation Rates — Fourth Grade

School School Overall Overall
Country Participation Participation (.Zl.ass . St.usient. Participation Participation

Before After Participation Participation Before After

Replacement Replacement Replacement Replacement

Armenia 99% 99% 100% 91% 90% 90%
Australia 78% 90% 100% 94% 73% 85%
Belgium (Flemish) 89% 99% 100% 98% 87% 97%
Chinese Taipei 100% 100% 100% 99% 99% 99%
Cyprus 100% 100% 100% 97% 97% 97%
England 54% 82% 100% 93% 50% 76%
Hong Kong, SAR 77% 88% 99% 95% 73% 83%
Hungary 98% 99% 100% 94% 92% 93%
Iran, Islamic Rep. of 100% 100% 100% 98% 98% 98%
Italy 97% 100% 100% 97% 93% 97%
Japan 100% 100% 100% 97% 97% 97%
Latvia 91% 94% 100% 94% 85% 88%
Lithuania 92% 96% 99% 92% 84% 87%
Moldova, Rep. of 97% 100% 100% 97% 94% 97%
Morocco 87% 87% 100% 93% 81% 81%
Netherlands 52% 87% 100% 96% 50% 84%
New Zealand 87% 98% 100% 95% 82% 93%
Norway 89% 93% 100% 95% 85% 88%
Philippines 78% 85% 100% 95% 75% 81%
Russian Federation 99% 100% 100% 97% 96% 97%
Scotland 64% 83% 100% 92% 59% 77%
Singapore 100% 100% 100% 98% 98% 98%
Slovenia 95% 99% 100% 92% 87% 91%
Tunisia 100% 100% 100% 99% 99% 99%
United States 70% 82% 99% 95% 66% 78%
Yemen 100% 100% 100% 93% 93% 93%
Benchmarking Participants
Indiana State, US 100% 100% 100% 98% 98% 98%
Ontario Province, Can. 89% 94% 100% 96% 85% 90%
Quebec Province, Can. 99% 100% 100% 91% 90% 91%

Note: Some percentages may appear inconsistent because of rounding.

TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE 223



CHAPTER 10: ITEM ANALYSIS AND REVIEW

|

224 TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE



CHAPTER 10: ITEM ANALYSIS AND REVIEW

Chapter 10

Item Analysis and Review

Ina V.S. Mullis, Michael O. Martin, and Dana Diaconu

10.1 Overview

Before applying item response theory (IRT) scaling to the TIMSS 2003
achievement data to derive student mathematics and science achievement
scores for analysis and reporting, the TIMSS & PIRLS International Study
Center conducted a review of a range of diagnostic statistics to examine and
evaluate the psychometric characteristics of each achievement item in the 49
countries and four Benchmarking participants in TIMSS 2003. This review
played a crucial role in the quality assurance of the TIMSS 2003 data, enabling
the detection of unusual item properties that could signal a problem or error
for a particular country. For example, an item that was uncharacteristically
easy or difficult, or had an unusually low discriminating power, could indi-
cate a potential problem with either translation or printing. Similarly, a con-
structed-response item with unusually low scoring reliability could indicate
a problem with a scoring rubric in a particular country. In the rare instances
where such items were found, the country’s translation verification docu-
ments and printed booklets were examined for flaws or inaccuracies and,
if necessary, the item was removed from the international database for that
country. This chapter describes the basic item statistics that were consulted
and the review criteria that were applied, and provides examples from the
assessment to illustrate the review process.

10.2 Statistics for Item Analysis

To begin the review process, the International Study Center computed
item analysis statistics for each mathematics and science achievement item,
showing the properties of the item in each of the 49 countries and four
Benchmarking entities participating in TIMSS 2003. Exhibits 10.1 and 10.2
show examples of the statistics calculated for a multiple-choice and a con-
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structed-response item, respectively. Statistics for each item were displayed
alphabetically by country, with the international average for each statistic in
the bottom row. For those countries that tested in more than one language,
statistics were presented separately by language group. For all items, regard-
less of item format, statistics included the number of students that responded
in each country, the difficulty level (the percentage of students that answered
the item correctly), and the discrimination index (the point-biserial correla-
tion between success on the item and a total score).! Also provided was an
estimate of the item’s difficulty using a Rasch one-parameter IRT model. The
international means of the item difficulties and item discriminations served
as guides to the overall statistical properties of the items.

Statistics displayed for multiple-choice items included the percentage
of students that chose each option, as well as the percentage of students that
omitted or did not reach the item, and the point-biserial correlation between
the response to each option and the total score. Statistics displayed for con-
structed-response items (which could have one or two score levels) included
the difficulty and discrimination of each score level. Constructed-response
item displays also provided information about the reliability with which the
item was scored in each country, with the total number of double-scored cases
and the percent exact agreement between the scorers.

Detailed descriptions of the statistics provided in Exhibits 10.1 and
10.2 are listed below in order of appearance in the displays:

N: This is the number of students to whom the item was administered.
If a student did not reach an item in the achievement booklet, the item was
considered not administered for the purpose of the item analysis.?

Diff: Item difficulty is the percentage of students providing a fully
correct response to the item. In the case of constructed-response items
worth more than one point, this was the percentage of students receiving
the maximum score. For the computation of this statistic, not reached items
were treated as not administered.

Disc: Item discrimination was computed as the correlation between
a correct response to the item and the total score on all of the items in the
test booklet.? Items exhibiting good measurement properties should have a
moderately positive correlation.

PCT_A, PCT_B, PCT_C, PCT_D, and PCT_E: Used for multiple-choice
items only (see Exhibit 10.1), each column indicates the percentage of students
choosing the particular response option for the item (A, B, C, D, or E). Not
reached items were excluded from the denominator for these calculations.

1 For the purpose of computing the discrimination index, the total score was the percentage of items a student answered
correctly.

2 In TIMSS, for the purposes of item analysis and item parameter estimation in scaling, items not reached by a student
were treated as if they had not been administered. For purposes of estimating student proficiency, however, not reached

items were treated as incorrectly answered.

3 For constructed-response items, the discrimination is the correlation between the number of score points and total score.
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International Item Statistics for Item M012040
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CHAPTER 10: ITEM ANALYSIS AND REVIEW

PCT_0, PCT_1, PCT_2, and PCT_3: Used for constructed-response
items only (see Exhibit 10.2), each column indicates the percentage of stu-
dents scoring at the particular score level, up to and including the maximum
score level for the item. Not reached items were excluded from the denomi-
nator for these calculations.

PCT_IN: Used for multiple-choice items only, this was the percent-
age of students that provided an invalid response to a multiple-choice item.
Typically, invalid responses were the result of students selecting more than
one response option for the same item.

PCT_OM: This is the percentage of students who, having reached the
item, did not provide a response. Not reached items were excluded from the
denominator when calculating this statistic.

PCT_NR: This is the percentage of student that did not reach the
item. An item was coded as not reached when there was no evidence of a
response to any subsequent items in the booklet and the response to the item
preceding it was omitted.

PB_A, PB_B, PB_C, PB_D, and PB_E: Used for multiple-choice
items only, these present the correlation between choosing each of the
response options A, B, C, D, or E and the score on the test booklet. Items
with good psychometric properties have near-zero or negative correlations
for the distracter options (the incorrect options) and moderately positive cor-
relations for the correct option.

PB_0, PB_1, PB_2, and PB_3: Used for constructed-response items
only, these present the correlation between the score levels on the item (0, 1,
2, or 3) and the score on the test booklet. For items with good measurement
properties the correlation coefficients should change from negative to positive
as the score on the item increases.

PB_OM: This is the correlation between a binary variable - indicat-
ing an omitted response to the item - and the score on the test booklet. This
correlation should be negative or near zero.

PB_IN: Used for multiple-choice items only, this presents the corre-
lation between an invalid response to the item (usually caused by selecting
more than one response option) and the score on the test booklet. This cor-
relation also should be negative or near zero.

RDIFF: This is an estimate of the item’s difficulty based on a Rasch
one-parameter IRT model. The difficulty estimate is expressed in the logit
metric (with a positive logit indicating a difficult item) and was scaled so that
the average Rasch item difficulty was zero within each country.
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Reliability - Cases: To provide a measure of the reliability of the
scoring of the constructed-response items, those items in approximately 25
percent of the test booklets in each country were scored by two independent
scorers. This column indicates the number of times each item was double-
scored in a country.

Reliability - Score: This column contains the percentage of exact
agreement between two independent scorers.

As an aid to reviewers, the item-analysis display includes a series of
“flags” signaling the presence of one or more conditions that might indicate
a problem with an item. The following conditions are flagged:

e Ttem difficulty exceeds 95 percent in the sample as a whole

e Ttem difficulty is less than 25 percent for 4-option multiple-choice items in
the sample as a whole

® One or more of the distracter percentages is less than 10 percent

® One or more of the distracter percentages is greater than the percentage
for the correct answer, or the point-biserial correlation for one or more of
the distracters exceeds zero

e Jtem discrimination (i.e., the point-biserial for the correct answer) is less
than 0.2

e Ttem discrimination does not increase with each score level (for con-
structed-response items with more than one score level)

e The Rasch difficulty estimate is harder than the average across all items

¢ The Rasch difficulty estimate is easier than the average across all items

e Difficulty levels on the item differ significantly for males and females

¢ Difference in item difficulty levels between males and females diverge sig-
nificantly

e Scoring reliability is less than 70 percent (for constructed-response items
only)

Although not all of these conditions necessarily indicate a problem,
the flags are a useful way to draw attention to potential sources of concern.

In order to measure trends, TIMSS 2003 included items from
TIMSS 1999 and TIMSS 1995 at the eighth grade and from TIMSS 1995 at
the fourth grade.* For these trend items, the review included an examina-
tion of changes in item statistics between 1999 and 2003 at eighth grade and
between 1995 and 2003 at fourth grade. An example item statistics display for
an eighth-grade trend item is shown in Exhibit 10.3. Different from the item
statistics presented in Exhibits 10.1 and 10.2, this display includes countries’
statistics from both the TIMSS 1999 and TIMSS 2003 assessments. In review-

4 For more information on trend items, see Chapter 2.
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ing these item statistics, the aim was to detect any unusual changes in item
properties between assessments, which might indicate a problem in using the
item to measure change.

10.2.1 Item-by-Country Interaction

Although countries are expected to exhibit some variation in performance
across items, in general, countries with high average performance on the
achievement test as a whole should perform relatively well on each of the
items, and low-scoring countries should do less well on each of items. When
this does not occur, i.e., when a high-scoring country has low performance
on an item on which other countries are doing well, there is said to be an
item-by-country interaction. When large, such item-by-country interactions
may be a sign of an item that is flawed in some way and measures should be
taken to address the problem.

To assist in detecting sizeable item-by-country interactions, the Inter-
national Study Center produced a graphical display for each item showing
the average probability across all countries of a correct response for a student
of average international proficiency, compared with the probability of a
correct response by a student of average proficiency in each country. Exhibit
10.4 provides an example of a TIMSS item-by-country interaction display.
The probability for each country is presented as a 95 percent confidence inter-
val, which includes a built-in Bonferroni correction for multiple comparisons.
The limits for the confidence interval are computed as follows:

RDIFFy+SEgpyr, X2,

Upper Limit=|1-

1+ eRDIFF,.k +SEpirry, XZ)

RDIFFy—SE gpipr, X2

Lower Limit =] 1—

1 4 ROIFFu=SErorer, 2y

where RDIFF;;, is the Rasch difficulty of item k within country i; SEpprrik 1

the standard error of the difficulty of item & in country 7; and Z,, is the critical

value from the Z distribution, corrected for multiple comparisons using the
Bonferroni procedure.

The International Study Center also produced item-by-country inter-
action displays for each item in the trend study, showing for eighth grade the
results from 1999 and 2003 separately in each display, and for fourth grade,
the results from 1995 and 2003. An example of an item-by-country interac-
tion display for a trend item is presented in Exhibit 10.5. Confidence inter-
vals for 1999 and 2003 within a country appear side-by-side in the display
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Exhibit 10.3 International Item Statistics for Trend Item M012001

Trends in International Mathematics and Science Study - TIMSS 2003 Main Survey 15:49 Wednesday, August 25, 2004
Percent of responses by Item Category - 8th Grade
For Internal Review Only: DO NOT CITE OR CIRCULATE
Mathematics: Number (M012001 - M01_01) Label: Number of squares in shaded fraction Item Type = MC Key = A
OTHER
INCOR NOT 1.GIRL 2.BOY
COUNTRY Year N A B C D E RECT DIFF INVALID REACHED OMIT % Right % Right
Belgium (Flemish) 1999 5256 85.5 2.1 1.9 3.8 6.4 0.3 85.5 0.0 0.0 0.3 84.4 86.5
2003 849 85.9 2.0 2.0 3.7 4.9 1.5 85.9 0.2 0.0 1.3 84.3 87.6
Bulgaria 1999 3270 66.0 5.4 6.4 9.0 10.4 2.8 66.0 0.2 0. 2.6 64.7 67.3
2003 669 46.6 8.8 11.4 13.3 13.0 6.9 46.6 0.0 0.0 6.9 45.2 48.1
Chile 1999 5862 18.3 3.8 7.0 23.8 42.0 5.1 18.3 0 0.0 5.0 16.3 20.3
2003 1050 25.0 4.3 6.4 22.5 32.3 9.6 25.0 0.1 0.9 8.7 23.6 26.3
Chinese Taipei 1999 5772 78.4 2.4 5.8 4.9 8.5 0.1 78.4 0.0 0.0 0.0 78.9 77.8
2003 904 78.7 2.2 6.0 4.6 8.5 0.0 78.7 0.0 0.0 0.0 77.4 79.9
Cyprus 1999 3109 60.2 7.9 T=D 10.5 13.0 0.9 60.2 0.2 0.0 0.8 58.5 61.8
2003 668 56.1 8.1 11.1 8.2 12.0 4.5 56.1 .0 4.5 555! 56.8
England 1999 2946 58.7 2.7 4.7 12 7 20.7 0.4 58.7 0.1 0.0 0.3 54.3 62.9
2003 506 66.8 2.4 6.5 8.7 15.2 0.4 66.8 0.0 0.0 0.4 64.5 69.6
Hong Kong, SAR 1999 5176 86.3 2.0 3.0 2.7 5.9 0. 86.3 .1 0.1 86.0 86.5
2003 830 87.8 1.8 3.9 2.5 3.7 0.2 87.8 0.1 0.0 0.1 86.2 89.5
Hungary 1999 3178 67.2 2.8 4.2 10.9 12.7 2.3 67.2 0.2 0.0 2.1 65.9 68.4
2003 548 66.8 3.6 8.6 8.6 10.2 2.2 66.8 0.0 0.0 2.2 68.0 65.7
Indonesia 1999 5847 24.6 7.8 20.8 17.9 27.4 1.5 24.6 0.1 0.0 1.4 24.3 24.9
2003 970 22.6 10.7 22.9 15.8 22.8 5 22.6 0.0 0.1 5.2 19..9 25.15,
Iran, Islamic Rep. o 1999 5291 47.2 4.4 5.5 15.3 25.5 2. 47.2 0.0 0.1 2.0 41.3 51.3
2003 853 42.0 7.0 7.7 152 2559 2.1 42.0 0.1 0.1 1.9 41.8 42.1
Israel 1999 4191 49.1 8.5 7.2 13.5 17.8 3.9 49.1 0.1 0.4 3.4 44.7 53.6
2003 720 65.1 6.1 5.8 7.9 13.1 1.9 65.1 0.1 0.0 1.8 61.6 69.3
Italy 1999 3328 48.5 5.0 6.7 12.5 25.2 2.0 48.5 0.0 0.0 2.0 44.4 52.8
2003 718 50.6 4.6 5.0 10.6 24.2 5.0 50.6 0.7 0.3 4.0 46.5 54.9
Japan 1999 4735 79.6 2.5 4.8 5.3 7.7 0.2 79.6 0.0 0.0 0.1 80.4 78.9
2003 806 78.9 3.1 4.2 6.1 6.7 1.0 78.9 .0 S 0.9 79.5 78.4
Jordan 1999 5040 38.5 7.4 10.2 18.0 24.4 1 55 38.5 0.4 0.0 1.1 35.6 41.1
2003 759 31.9 10.0 15.3 17.0 22.4 3.4 31.9 0.1 0.0 3.3 34.3 29.4
Korea, Rep. of 1999 6113 80.4 1.6 33 4.7 9.8 0. 80.4 0.1 79.7 81.2
2003 890 82.4 1.2 3.5 3.7 9.2 0.0 82.4 0.0 0.0 0.0 83.1 81.7
Latvia 1999 2870 56.2 4.6 7.0 12.8 17.4 2.0 56.2 0.3 0.0 1.7 52.0 60.7
2003 604 61.6 4.5 7.0 9.1 15.1 2.8 61.6 0.0 0.0 2.8 56.3 66.8
Lithuania 1999 2359 40.4 8.4 8.0 16.9 21.5 4.8 40.4 0.0 0.0 4.8 39.3 41.7
2003 849 48.3 8.0 Juws3 12.8 20.3 3.3 48.3 0.4 0.0 2.9 44.3 52.0
Macedonia, Rep. of 1999 4022 42.2 3.7 6.8 19.8 24.0 3.5 42.2 0.3 0.0 3.2 41.2 43.2
2003 652 37.0 5.4 7.8 19.6 18.6 11.7 37.0 I, 0.0 10.6 36.2 37.6
Malaysia 1999 5577 72.5 3.6 4.1 8.1 11.3 0 72.5 0. 0.0 0.5 73.6 71.1
2003 879 67.8 4.4 4.9 10.2 11.3 1.4 67.8 0.2 0.0 1.1 72.5 61.4
Moldova, Rep. of 1999 3711 53.3 7.1 9.9 14.0 14.4 1.4 53.3 0.1 0.0 1.3 52.2 54.6
2003 665 51.3 8.6 11.6 10.2 10.5 7.8 51.3 0.0 0.2 7.7 537 48.6
Morocco 1999 5384 19.7 17.3 20.2 19.1 16.9 6.8 1957, Lail: 0.0 5.7 20.2 19.2
2003 516 21.1 11.8 16.7 17.4 19.4 13.6 211 .2 .2 13.2 22.3 19.6
Netherlands 1999 2957 751 2.6 3.3 5.8 12.6 0.7 75.1 0.0 0.0 0.7 72.0 78.4
2003 518 81.7 2.5 2.1 4.4 8.7 0.6 81.7 0.0 0.0 0.6 81.3 81l.6
New Zealand 1999 3603 5713 2.9 6.3 12.5 20.4 0.5 57.3 0.2 0.0 0.3 57.4 57.2
2003 629 57.4 4.5 8.3 11.0 17.8 i i § 57.4 0.0 0.0 1.1 59:3 55.1
Philippines 1999 6599 22.3 6.2 37.8 10.4 22.5 0.7 22.3 0.0 0.0 0.7 23.5 21.0
2003 1273 23.0 8.5 35.3 10.4 21.8 1.0 23.0 0.1 0.0 0.9 22.7 23.5
Romania 1999 3425 53.8 6.0 8.8 13.4 16.3 1.6 53.8 0.5 0.0 1.1 53.0 54.6
2003 680 45.3 8.1 1:2:,41; 14.1 15.4 5.3 45.3 0.1 0.1 5.0 44.7 45.8
Russian Federation 1999 4331 62.2 3.9 5.3 12.2 14.2 1 62.2 0. 2.0 61.5 63.0
2003 779 52.8 6.2 8.1 14.4 14.2 4.4 52.8 0.3 0.1 4.0 51.8 53.6
Singapore 1999 4966 87.5 1.4 2.1 3.2 5.5 0.3 87.5 0.0 0.0 0.3 87.7 87.4
2003 993 86.9 2.2 2.8 3.9 3.9 0.2 86.9 0.0 0.0 0.2 86.7 87.1
Slovak Republic 1999 3490 59.1 4.4 6.7 12.3 15.5 2.0 591 0.0 0.0 2.0 57.5 60.8
2003 688 56.7 5.4 8.0 12.1 13.2 4.7 56.7 0. 4.4 52.8 60.6
South Africa 1999 8124 13.7 6.2 44.4 10.0 23.6 2.1 13.7 0.6 0.2 1.4 A3l 14.4
2003 1480 15.5 9.3 37.2 9.8 19.4 8.9 15.5 2.2 0.8 5.9 14.7 15,19
Tunisia 1999 5037 35.1 7.6 10.8 17.8 23.1 5.6 35.1 1.3 0.0 4.2 30.9 39.5
2003 827 26.5 10.3 10.6 14.5 21.6 16.4 26.5 159 0.2 14.3 22.9 30.5
United States 1999 8985 57.2 3.3 6.6 11.4 21.2 0.3 57.2 0.0 0.0 0.3 53.2 61.2
2003 1510 60.6 3.7 7.0 10.3 17.9 0.5 60.6 0.0 0.1 0.5 55.2 66.6
International Avg. 1999 . 54.7 5.0 9.3 11.8 17.4 1et9: 54.7 0.2 0.0 1.7 53.2 56.2
DIFF = Item Difficulty Other Incorrect = Sum of invalid, not reached and omitted
Because of missing gender information, some totals may appear inconsistent
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to compare performance from one administration to the next. At the same
time, the display can be used to detect item-by-country interactions across
all countries.

10.3 Scoring Reliability

About one-third of the items in the TIMSS 2003 assessment were constructed-
response items, comprising nearly half of the score points for the assessment.”
An essential requirement for use of such items is that they be reliably scored
by all participants. That is, a particular student response should receive the
same score, regardless of the scorer. In conducting TIMSS 2003, measures
taken to ensure that the constructed-response items were scored reliably
in all countries included developing scoring guides for each constructed-
response question (which provided descriptions of acceptable responses for
each score point value),® and providing extensive training in the application
of the scoring guides. Scoring procedures for organizing and monitoring the
scoring sessions were outlined in the TIMSS 2003 Survey Operations Manual
(TIMSS, 2002).

10.3.1 Within-Country Scoring Reliability

To gather and document information about the within-country agreement
among scorers, a random sample of at least 200 student responses to each
item was selected to be scored independently by two scorers.” The inter-rater
agreement for each item in each country was examined as part of the item
review process. The average and range of the within-country exact percent
of agreement across all items is presented in Exhibit 10.6 for mathematics
and Exhibit 10.7 for science at both grades. Agreement across items was high
— on average across countries, exact percent agreement was 99 percent at both
grades in mathematics and 97 percent at the eighth grade and 96 at the fourth
grade in science. All countries had an average exact percent agreement above
96 percent at the eighth grade and 97 at the fourth grade in mathematics and
above 90 percent at the eighth grade and 91 at the fourth grade in science.

10.3.2 Trend Item Scoring Reliability

The double scoring of a sample of the student test booklets provided a measure
of the consistency within each country with which constructed-response
questions were scored. TIMSS 2003 also took steps to show that those con-
structed-response items from 1999 that were used in 2003 were scored in the
same way in both assessments. In anticipation of this, countries that partici-
pated in TIMSS 1999 sent samples of scored student booklets from the 1999

5 For details on the development of the TIMSS 2003 assessment items, see Chapter 2.
6 Discussion of the development of the scoring guides for constructed-response items is provided in Chapter 2.

7 Since individual items appear in at least two booklets, 100 of each of the 12 booklets were chosen randomly for
double-scoring. For a sample of 4500, this amounts to almost 25% of the total sample.
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Exhibit 10.4 Example Item-by-Country Interaction Display for Item M012040

Find n from proportionality equation
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Exhibit 10.5 Example Item-by-Country Interaction Display for Trend Item M012001
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eighth-grade data collection to the IEA Data Processing Center, where they
were digitally scanned and stored in presentation software for later use. As a
check on scoring consistency from 1999 to 2003, staff members working in
each country on scoring the 2003 eighth-grade data were asked also to score
these 1999 responses using the DPC software. The items from 1995 that were
used in TIMSS 2003 all were in multiple-choice format, and therefore scoring
reliability was not an issue. As shown in Exhibit 10.8 for mathematics and
Exhibit 10.9 for science, there was a very high degree of scoring consistency,
with 98 percent exact agreement in mathematics, on average, internation-
ally, between the scores awarded in 1999 and those given by the 2003 scorers
and 92 percent in science. There also was high agreement at the diagnostic
score level, with 93 percent exact agreement, on average, in mathematics and
somewhat less, 81 percent, in science.

10.3.3 Cross-Country Scoring Reliability Study

Although because of the many different languages in use in TIMSS, estab-
lishing the reliability of constructed-response scoring across all countries was
not feasible, TIMSS 2003 did conduct a cross-country study of scoring reli-
ability among northern-hemisphere countries whose scorers were proficient
in English.® A sample of student responses to a subset of the eighth-grade
mathematics and science constructed-response items was provided by the
English-speaking southern hemisphere countries.

A sample of 150 student responses to each of 20 mathematics items
and 21 science items (41 in total, representing about one-quarter of con-
structed-response items at eighth grade) was collected from Australia,
Botswana, New Zealand, and Singapore. This set of 6,150 student responses
in English was scored independently in each country that had at least one but
preferably two scorers proficient in English. In all, 37 scorers from 20 coun-
tries participated in the study. Scoring for this study took place shortly after
the within-country scoring reliability activities were completed. Making all
possible comparisons among scorers gave 666 comparisons for each student
response to each item, and 99,900 total comparisons when aggregated
across all 150 student responses to that item. Agreement across countries
was defined in terms of the percentage of these comparisons that were in
exact agreement. Exhibits 10.10 and 10.11 show that scorer reliability across
countries was high, with the percent exact agreement averaging 96 percent
across the 20 mathematics items for the correctness score and 92 percent for
the diagnostic score, and averaging 87 percent across the 21 science items for
the correctness score and 76 percent for the diagnostic score.

8 See Chapter 6 for further details.
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10.4 Item Review Procedures

The International Study Center thoroughly reviewed the item statistics for
all participating countries to ensure that items were performing comparably
across countries. In particular, items with the following problems were con-
sidered for possible deletion from the international database:

e An error was detected during TIMSS 2003 translation verification but was
not corrected before test administration.

e Data checking revealed a multiple-choice item with more or fewer options
than in the international version.

e The item analysis showed the item to have a negative biserial, or, for
an item with more than one score point, a nonmonotonic relationship
between score level and total score.

¢ The item-by-country interaction results showed a very large negative inter-
action for a particular country.

e For constructed-response items, the within-country scoring reliability data
showed an agreement of less than 70 percent.

e For trend items, an item performed substantially differently in 1999 com-
pared to 2003, or an item was not included in the 1999 assessment for a
particular country.

When the item statistics indicated a problem with an item, the docu-
mentation from the translation verification® was used as an aid in checking
the test booklets. If a question remained about potential translation or cul-
tural issues, however, then the National Research Coordinator (NRC) was
consulted before deciding how the item should be treated. If a problem could
be detected by the International Study Center (such as a negative point-bise-
rial for a correct answer or too few options for a multiple-choice item), the
item was deleted from the international scaling.

The checking of the TIMSS 2003 achievement data involved 696 items
for 49 countries and four Benchmarking participating at both grades (approxi-
mately 37,000 item-country combinations), and resulted in the detection of
very few items that were inappropriate for international comparisons. Among
the few items singled out in the review process were mostly items with dif-
ferences attributable to either translation or printing problems. Appendix C
provides a list of deleted items as well as a list of recodes made to constructed-
response item codes.

9 See Chapter 4 for a description of the process for translating and verifying the TIMSS 2003 data-collection instruments.
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Exhibit 10.6  TIMSS 2003 Within-Country Constructed-Response Scoring Reliability
Mathematics Items - Eighth Grade

Correctness Score Agreement Diagnostic Score Agreement
Average of Range of Average of Range of

Exact Exact Percent Exact Exact Percent

Countries Percent Agreement Percent Agreement
Agreement Min Max Agreement Min Max

Across Across

Items Items
Armenia 99 94 100 98 92 100
Australia 100 97 100 99 95 100
Bahrain 99 98 100 98 91 100
Belgium (Flemish) 99 96 100 98 91 100
Botswana 99 91 100 94 81 100
Bulgaria 96 70 100 92 64 99
Chile 99 95 100 97 91 100
Chinese Taipei 100 91 100 99 91 100
Cyprus 98 86 100 96 79 100
Egypt 100 97 100 99 97 100
England 99 93 100 98 91 100
Estonia 100 98 100 99 96 100
Ghana 99 97 100 95 90 929
Hong Kong, SAR 100 98 100 99 98 100
Hungary 98 90 100 96 80 100
Indonesia 98 90 100 94 82 100
Iran, Islamic Rep. of 99 94 100 96 90 100
Israel 98 93 100 93 83 99
Italy 99 95 100 98 92 100
Japan 99 94 100 98 91 100
Jordan 99 98 100 98 92 100
Korea, Rep. of 99 87 100 98 87 100
Latvia 98 90 100 96 79 100
Lebanon 100 94 100 99 91 100
Lithuania 97 Al 100 95 62 100
Macedonia, Rep. of 100 97 100 99 95 100
Malaysia 100 98 100 99 97 100
Moldova, Rep. of 100 99 100 100 99 100
Morocco 97 89 100 92 82 99
Netherlands 97 84 100 95 78 100
New Zealand 99 96 100 97 88 100
Norway 98 91 100 96 86 100
Palestinian Nat'l Auth. 99 94 100 97 88 100
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Exhibit 10.6  TIMSS 2003 Within-Country Constructed-Response Scoring Reliability

Mathematics Items — Eighth Grade (..continued)

CHAPTER 10: ITEM ANALYSIS AND REVIEW

Countries

Philippines
Romania
Russian Federation
Saudi Arabia
Scotland

Serbia
Singapore
Slovak Republic
Slovenia

South Africa
Sweden

Tunisia

United States

International Avg.

Benchmarking Participants

Basque Country, Spain

Indiana State, US

Ontario Province, Can.

Quebec Province, Can.

Correctness Score Agreement

Average of

Exact

Percent
Agreement

Across
Items

99
100
99
99
99
99
100
100
97
99
98
98
97
99

98
98
97
97

E

Min

97
98
95
94
95
96
98
98
86
95
89
89
86
92

87
88
80
81

Range of
xact Percent
Agreement

Max

100
100
100
100
100
100
100
100
100
100
100
100
100
100

100
100
100
100

Diagnostic Score Agreement

Average of Range of
Exact Exact Percent
Percent Agreement
Agreement Min Max
Across
Items
97 92 100
99 94 100
97 89 100
95 81 99
98 92 100
98 94 100
100 98 100
99 96 100
94 75 100
97 90 99
95 84 99
95 78 99
94 75 99
97 87 100
96 83 100
95 76 100
93 72 100
94 79 100
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Exhibit 10.6 TIMSS 2003 Within-Country Constructed-Response Scoring Reliability

Mathematics Items — Fourth Grade

Correctness Score Agreement

Average of Range of
Comves - Pac | EtPercen
Acvoss tems M1 Max

Armenia 99 98 100
Australia 100 98 100
Belgium (Flemish) 100 96 100
Chinese Taipei 99 83 100
Cyprus 98 91 100
England 99 91 100
Hong Kong, SAR 100 98 100
Hungary 98 91 100
Iran, Islamic Rep. of 100 98 100
Italy 98 92 100
Japan 99 95 100
Latvia 98 87 100
Lithuania 97 77 100
Moldova, Rep. of 100 100 100
Morocco 98 93 100
Netherlands 97 86 100
New Zealand 99 94 100
Norway 99 95 100
Philippines 99 96 100
Russian Federation 100 97 100
Scotland 99 98 100
Singapore 100 99 100
Slovenia 98 84 100
Tunisia 97 89 100
United States 97 88 100
International Avg. 99 92 100
Benchmarking Participants
Indiana State, US 99 92 100
Ontario Province, Can. 98 87 100
Quebec Province, Can. 98 92 100

Diagnostic Score Agreement

Average of Range of
Exact Exact Percent

Percent Agreement

Ao tems M Max
98 95 100
99 97 100
98 87 100
97 76 100
95 82 100
98 90 100
99 87 100
95 78 100
99 96 100
96 81 100
98 94 100
96 78 100
94 69 100
100 100 100
94 86 98
94 73 100
96 85 100
97 92 100
97 91 100
99 96 100
98 93 100
100 99 100
96 73 100
91 77 98
95 82 100
97 86 100
96 83 100
96 84 100
96 86 100
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Countries

Armenia
Australia

Bahrain

Belgium (Flemish)
Botswana
Bulgaria

Chile

Chinese Taipei
Cyprus

Egypt

England

Estonia

Ghana

Hong Kong, SAR
Hungary
Indonesia

Iran, Islamic Rep. of
Israel

Italy

Japan

Jordan

Korea, Rep. of
Latvia

Lebanon
Lithuania
Macedonia, Rep. of
Malaysia
Moldova, Rep. of
Morocco
Netherlands
New Zealand

Norway

Palestinian Nat'l Auth.

Philippines
Romania

Russian Federation

Correctness Score Agreement

Average of
Exact
Percent
Agreement
Across Items

98
99
98
97
95
91
97
99
96
100
98
99
98
99
96
96
98
95
98
97
99
98
94
100
90
99
99
100
94
90
98
95
95
98
99
99

92
94
94
89
74
72
91
97
87
98
92
97
93
97
87
87
87
89
91
81
97
84
78
98
69
96
98
99
86
70
92
83
82
89
96
92

Range of

Exact Percent

Min

Agreement

100
100
100
100
100

99
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

Max

Diagnostic Score Agreement

Average of
Exact
Percent
Agreement
Across Items

97
97
95
93
87
84
94
98
91
100
96
98
93
97
92
86
95
84
96
93
96
95
87
99
82
97
99
100
86
84
93
91
87
94
98
98

90
89
85
83
74
64
89
86
80
97
85
88
83
92
83
68
84
66
90
80
91
74
50
95
58
92
97
99
69
61
84
80
69
83
94
91

Range of

Exact Percent
Agreement

Min

TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE

Max

100
100
100
100

97

99

99
100

99
100
100
100

99
100
100

99
100

98
100
100
100
100
100
100
100
100
100
100

95
100
100
100

99

99
100
100

241



CHAPTER 10: ITEM ANALYSIS AND REVIEW

242

Exhibit 10.7

TIMSS 2003 Within-Country Constructed-Response Scoring Reliability
Science Items - Eighth Grade (..continued)

Average of Range of Average of Range of

oo Fadioent bad bt e

across tems ™" Mo enems  Min Max
Saudi Arabia 97 87 100 91 68 99
Scotland 97 89 100 94 85 100
Serbia 929 94 100 98 92 100
Singapore 100 99 100 99 98 100
Slovak Republic 929 95 100 97 89 100
Slovenia 90 70 100 81 61 100
South Africa 99 94 100 96 88 99
Sweden 92 76 100 85 68 99
Tunisia 98 90 100 94 73 100
United States 92 72 100 83 68 99
International Avg. 97 88 100 92 80 99

Correctness Score Agreement Diagnostic Score Agreement

Benchmarking Participants

Basque Country, Spain 96

Indiana State, US 94
Ontario Province, Can. 91
Quebec Province, Can. 92
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87
82
77
80

100
100
100
100

92
87
83
84

79
67
62
66

100
100

98
100
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Exhibit 10.7 TIMSS 2003 Within-Country Constructed-Response Scoring Reliability
Science Items - Fourth Grade
Correctness Score Agreement Diagnostic Score Agreement
Average of Range of Average of Range of
Countries Exact Exact Percent Exact Exact Percent
Percent Agreement Percent Agreement

Advoss tems " Mo oesmems MM Max
Armenia 99 97 100 97 91 100
Australia 99 94 100 98 91 100
Belgium (Flemish) 99 89 100 95 86 100
Chinese Taipei 98 89 100 96 89 100
Cyprus 94 76 100 89 75 99
England 98 87 100 96 86 100
Hong Kong, SAR 99 97 100 97 89 100
Hungary 95 80 100 91 78 100
Iran, Islamic Rep. of 96 85 100 93 83 99
Italy 94 77 100 90 77 100
Japan 97 86 100 94 83 100
Latvia 96 82 100 92 il 99
Lithuania 93 81 100 86 50 99
Moldova, Rep. of 100 100 100 100 100 100
Morocco 97 93 100 92 78 99
Netherlands 91 Al 929 84 70 929
New Zealand 97 86 100 92 83 99
Norway 97 85 100 93 84 100
Philippines 97 89 100 91 77 99
Russian Federation 99 98 100 99 96 100
Scotland 98 90 100 96 85 100
Singapore 100 99 100 99 97 100
Slovenia 91 74 100 85 69 100
Tunisia 93 79 100 82 68 96
United States 93 70 100 86 68 99
International Avg. 96 85 100 92 80 99
Benchmarking Participants
Indiana State, US 95 76 100 92 62 100
Ontario Province, Can. 95 80 100 90 75 100
Quebec Province, Can. 95 81 100 89 72 99
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Exhibit 10.8 TIMSS 2003 Trend Item Scoring Reliability Mathematics Items — Eighth Grade
Correctness Score Agreement Diagnostic Score Agreement
Average of Range of Average of Range of

Exact Exact Percent Exact Exact Percent

Countries Percent Agreement Percent Agreement
Agreement Agreement

Across Min Max Across Min Max

Items Items
Australia 98 88 100 94 73 100
Belgium (Flemish) 98 92 100 94 78 100
Bulgaria 99 82 100 94 Al 100
Chile 99 97 100 92 73 100
Chinese Taipei 98 95 100 94 79 100
Cyprus 98 91 100 94 79 100
Hong Kong, SAR 98 91 100 96 84 100
Hungary 98 89 100 95 86 100
Indonesia 98 90 100 93 60 100
Iran, Islamic Rep. 98 83 100 89 24 99
Israel 98 91 100 92 74 100
Italy 99 91 100 97 86 100
Japan 98 87 100 96 76 100
Jordan 99 96 100 96 87 100
Korea, Rep. of 98 88 100 94 67 100
Latvia 90 34 100 78 32 100
Lithuania 98 93 100 94 74 100
Macedonia, Rep. of 99 85 100 96 70 100
Malaysia 99 91 100 95 84 100
New Zealand 99 96 100 94 85 100
Philippines 99 86 100 95 75 100
Romania 99 97 100 97 90 100
Russian Federation 98 94 100 92 62 100
Singapore 99 96 100 98 89 100
Slovak Republic 93 54 100 87 50 99
Slovenia 99 95 100 95 81 100
South Africa 99 92 100 93 47 100
United States 98 91 100 94 76 100
International Avg. 98 88 100 93 72 100
Benchmarking Participants
Ontario Province, Can. 98 85 100 93 65 100
Quebec Province, Can. 98 85 100 93 65 100

244

TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE
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Countries Correctness Score Agreement Diagnostic Score Agreement
Average of Range of Average of Range of
Exact Percent Exact Percent Exact Percent Exact Percent
Agreement Agreement Agreement Agreement
Across Items Min Max Across Items Min Max
Australia 93 75 100 81 56 100
Belgium (Flemish) 92 79 100 83 68 100
Bulgaria 96 87 100 83 45 100
Chile 91 80 100 77 47 100
Chinese Taipei 92 70 100 80 38 100
Cyprus 90 70 99 79 50 99
Hong Kong, SAR 89 74 100 80 58 100
Hungary 92 74 100 84 64 100
Indonesia 90 63 100 75 4 97
Iran, Islamic Rep. 92 68 100 82 55 99
Israel 93 80 100 81 46 100
Italy 94 86 100 88 73 100
Japan 92 72 100 84 62 100
Jordan 96 90 100 87 76 99
Korea, Rep. of 93 77 100 85 56 100
Latvia 79 36 100 65 21 98
Lithuania 86 66 100 74 40 100
Macedonia, Rep. of 99 89 100 98 80 100
Malaysia 92 80 100 74 35 100
New Zealand 94 87 99 79 52 98
Philippines 90 44 100 76 32 100
Romania 96 91 100 90 73 100
Russian Federation 93 80 100 79 55 99
Singapore 97 93 100 88 61 100
Slovak Republic 89 73 100 76 56 100
Slovenia 94 Al 100 90 72 100
South Africa 93 Al 100 79 19 100
United States 94 83 100 84 70 100
International Avg. 92 75 100 82 54 100
Benchmarking Participants
Ontario Province, Can. 91 76 100 81 60 100
Quebec Province, Can. 91 76 100 81 60 100
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Exhibit 10.10 Cross-Country Constructed-Response Scoring Reliability Data for
Mathematics Items

Item Label Total Valid Comparisons Exact Percent Agreement
Correctness Score Diagnostic Score
Agreement Agreement

M022202 99900 99 98
M022156 99900 99 91
M022012 99900 94 86
M022261A 99900 99 98
M022261B 99900 99 98
M022261C 99900 90 84
M022227A 99900 99 99
M0222278 99900 97 90
M022227C 99900 94 86
MO022234A 99900 95 88
M022234B 99900 91 87
M022110 99900 98 93
M032691 99900 98 94
M032640 99900 93 93
M032683 99900 92 85
MO032681A 99900 99 99
M032681B 99900 99 98
M032681C 99900 97 97
M032233 99900 93 91
M032692 99900 95 95
Average 96 92

246 TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE
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Items
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Item Label

5032202
5022283
5022154
5022191
S022088A
5022088B
5022286
S032625A
50326258
S032120A
$032120B
5032063
$032306
5032640
5032272
S032650A
$032650B
5032056
5032369
5032565
5032516

TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE

Total Valid Comparisons

99900
99900
99900
99900
99900
99900
99900
99900
99900
99900
99900
99900
99900
99900
99900
99900
99900
99900
99900
99900
99900

Exact Percent Agreement

Correctness Score
Agreement

83
93
83
94
83
76
91
97
92
78
87
81
88
89
95
90
87
88
80
90
84

Diagnostic Score
Agreement

73
86
70
83
72
61
71
94
72
61
69
73
83
79
88
84
80
74
Al
78
74
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10.5 Item Position in Booklet

As described in Chapter 2, TIMSS has a complicated student booklet design.
Although each student completes just one booklet, there are 12 different
student booklets at each grade level, with six blocks of mathematics and
science items in each booklet. As illustrated in Exhibit 10.12, blocks of items
appear in different positions in different booklets. For example, the items
in block M1 appear as the first block in Booklet 1, as the second block in
Booklet 6, and as the third block in Booklet 12. This allows the booklets to
be linked together efficiently, but also to monitor and counterbalance any
position effect.

An important step in the item review process, made possible by the
counterbalanced booklet design, was to compare the characteristics of item
blocks appearing in different booklet positions to detect any position effect. As
the item statistics for each country were reviewed during this step, it became
apparent that there was indeed an unexpectedly strong position effect in the
data. As may be seen from Exhibit 10.13, this position effect occurred because
some students in all countries did not reach all the items in the third block
position, which was the end of the first half of each booklet before the break.
The same effect was evident for the sixth block position, which was the last
block in the booklets.

As described in Chapter 11, TIMSS addressed this problem using IRT
scaling by treating items in the third and sixth block positions as if they were
unique, even though they also appeared in other positions. For example,
the mathematics items in block M1 from Booklet 1 (the first position) and
from Booklet 6 (second position) were considered to be the same items for
scaling and reporting purposes, but those in Booklet 12 (the third position)
were scaled as items that were different and unique. This approach allowed
all student responses to all items to be included in the calibration of the IRT
scale and in estimating student achievement scores, while taking into account
the booklet position effect. However, because items in blocks appearing in
the third and sixth booklet positions were judged to have different proper-
ties to those same items when appearing in positions one, two, four, and
five, student responses to items in positions three and six were not included
when computing percent correct for individual example items, item statistics
for use in scale anchoring, or average percent correct for measuring trends in
mathematics or science content areas (see Chapter 12).
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Exhibit 10.12 TIMSS 2003 Booklet Design (Adapted from Exhibit 2.16)

Part 1 Part 2
Booklet Position 1 Position 2 Position 3 Position 4 Position 5 Position 6
1 Mo1 M02 S06 S07 M05 Mo07
2 M02 M03 S05 S08 M06 M08
3 M03 Mo04 S04 S09 M13 M11
4 Mo04 MO05 S03 S10 M14 M12
5 M05 M06 S02 St M09 M13
6 MO06 Mo1 So1 S12 M10 M14
7 S01 S02 M06 Mo7 S05 S07
8 S02 S03 M05 M08 S06 S08
9 S03 S04 Mo04 M09 S13 N
10 S04 S05 M03 M10 S14 S12
1 S05 S06 M02 M11 S09 S13
12 S06 So1 MO1 M12 S10 S14

Exhibit 10.13 Average Percent Not Reached, by Booklet Position

Average Percent Not Reached

Position 1 Position 2 Position 3  Position 4  Position 5 Position 6
Grade 8
Mathematics 0.4 25 8.4 0.3 0.9 17
Science 0.5 1.2 13.2 0.4 1.0 8.3
Grade 4
Mathematics 1.1 5.4 10.9 0.7 3.1 13.2
Science 0.7 23 17.0 0.7 3.1 13.3
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Chapter 11

Scaling Methods and Procedures for
the TIMSS 2003 Mathematics and
Science Scales

Eugenio J. Gonzalez, Joseph Galia, and Isaac Li

11.1 Overview

As described in Chapter 1, the TIMSS 2003 goals of broad coverage of the
mathematics and science curriculum and of measuring trends across assess-
ments necessitated a complex matrix-sampling booklet design,! with indi-
vidual students responding to just a subset of the mathematics and science
items in the assessment, and not the entire assessment item pool. Given the
complexities of the data collection and the need to have student scores on
the entire assessment for analysis and reporting purposes, TIMSS 2003 relied
on Item Response Theory (IRT) scaling to describe student achievement on
the assessment and to provide accurate measures of trends from previous
assessments. The TIMSS IRT scaling approach used multiple imputation or
“plausible values” methodology to obtain proficiency scores in mathematics
and science for all students, even though each student responded to only a
part of the assessment item pool. To enhance the reliability of the student
scores, the TIMSS scaling combined student responses to the items they were
administered with information about students’ backgrounds, a process known
as “conditioning.”

This chapter first reviews the psychometric models and the condition-
ing and multiple imputation or “plausible values” methodology used in scaling
the TIMSS 2003 data, and then describes how this approach was applied to
the TIMSS 2003 data and to the data from the previous TIMSS 1999 and
TIMSS 1995 studies, in order to measure trends in achievement. The TIMSS

1 The TIMSS 2003 achievement test design is described in Chapter 2.
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scaling was conducted at the TIMSS & PIRLS International Study Center at
Boston College, using software from Educational Testing Service.?

11.2 TIMSS 2003 Scaling Methodology?

The IRT scaling approach used by TIMSS was developed originally by Educa-
tional Testing Service for use in the U.S. National Assessment of Educational
Progress. It is based on psychometric models that were first used in the field
of educational measurement in the 1950s and have become popular since the
1970s for use in large-scale surveys, test construction, and computer adap-
tive testing.* This approach also has been used to scale IEA’s PIRLS data to
measure progress in reading literacy.

Three distinct scaling models, depending on item type and scoring
procedure, were used in the analysis of the TIMSS 2003 assessment data.
Each is a “latent variable” model that describes the probability that a student
will respond in a specific way to an item in terms of the respondent’s profi-
ciency, which is an unobserved or “latent” trait, and various characteristics (or
“parameters”) of the item. A three-parameter model was used with multiple-
choice items, which were scored as correct or incorrect, and a two-param-
eter model for constructed-response items with just two response options,
which also were scored as correct or incorrect. Since each of these item types
has just two response categories, they are known as dichotomous items. A
partial credit model was used with polytomous constructed-response items,
i.e., those with more than two score points.

11.2.1 Two- and Three- Parameter IRT Models for Dichotomous Items

The fundamental equation of the three-parameter (3PL) model gives the
probability that a person whose proficiency on a scale k is characterized by
the unobservable variable 8 will respond correctly to item i:

)) =P, (ek )

l-¢,
1+exp(~1.7a,0, — b,

P(x,=1|0,,a,,b,,c,)=c, +

(1
where
X; is the response to item 7, 1 if correct and 0 if incorrect;
0 is the proficiency of a person on a scale k (note that a person with

higher proficiency has a greater probability of responding correctly);

2 TIMSS is indebted to Matthias Von Davier, Ed Kulick, and John Barone of Educational Testing Service for their advice and
support.

3 This section describing the TIMSS scaling methodology has been adapted with permission from the TIMSS 1999 Techni-
cal Report (Yamamoto and Kulick, 2000).

4 For a description of IRT scaling see Birnbaum (1968); Lord and Novick (1968); Lord (1980); Van Der Linden and Hamble-
ton (1996). The theoretical underpinning of the imputed value methodology was developed by Rubin (1987), applied to
large-scale assessment by Mislevy (1991), and studied further by Mislevy, Johnson and Muraki (1992) and Beaton and
Johnson (1992). The procedures used in TIMSS have been used in several other large-scale surveys, including Progress
in Reading Literacy Study (PIRLS), the U.S. National Assessment of Educational Progress (NAEP), the U.S. National Adult
Literacy Survey (NALS), the International Adult Literacy Survey (IALS), and the International Adult Literacy and Life Skills
Survey (IALLS).
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a is the slope parameter of item 7, characterizing its discriminating
power;

b; is its location parameter, characterizing its difficulty;

¢; is its lower asymptote parameter, reflecting the chances of respon-

dents of very low proficiency selecting the correct answer.
The probability of an incorrect response to the item is defined as
P, = P(xi =0 |ek’ai’bi’ci):1_I)il(ek)
(2)

The two-parameter (2PL) model was used for the short constructed-response
items that were scored as correct or incorrect. The form of the 2PL model is
the same as Equations (1) and (2) with the ¢, parameter fixed at zero.

11.2.2 The IRT Model for Polytomous Items

In TIMSS 2003, as in TIMSS 1995 and TIMSS 1999, constructed-response
items requiring an extended response were scored for partial credit, with
0, 1, and 2 as the possible score levels. These polytomous items were scaled
using a generalized partial credit model (Muraki, 1992). The fundamental
equation of this model gives the probability that a person with proficiency 6,
on scale k will have, for the i-th item, a response x; that is scored in the /-th
of m; ordered score categories:

exp 21.7ai(ek —b,+d,,
v=0

P(x, =110,,0,.b,d,yndyy )= =F,6,)
N exp| Y.1.74,(8, —b, +d,,
g=0 v=0

where

m; is the number of response categories for item i;

X; is the response to item i, possibilities ranging between 0 and m;-1;

0 is the proficiency of person on a scale k;

a; is the slope parameter of item i, characterizing its discrimination
power;

b; is its location parameter, characterizing its difficulty;

di is category / threshold parameter.

Indeterminacy of model parameters of the polytomous model are resolved by
setting d, , =0 and setting
’ 21 d,; =0.
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For all of the IRT models there is a linear indeterminacy between the values of
item parameters and proficiency parameters, i.e., mathematically equivalent
but different values of item parameters can be estimated on an arbitrarily lin-
early transformed proficiency scale. This linear indeterminacy can be resolved
by setting the origin and unit size of the proficiency scale to arbitrary con-
stants, such as a mean of 500 with a standard deviation of 100, as was done
for TIMSS in 1995. The indeterminacy is most apparent when the scale is set
for the first time.

IRT modeling relies on a number of assumptions, the most important being
conditional independence. Under this assumption, item response probabilities
depend only on 0, (a measure of person proficiency) and the specified param-
eters of the item, and are unaffected by the demographic characteristics or
unique experiences of the respondents, the data collection conditions, or the
other items presented in the test. Under this assumption, the joint probability
of a particular response pattern x across a set of n items is given by:

n m—l1

P(x|0,,item parameters)= T[] 7, (6,)"
i=l [=0
where P;;(0;) is of the form appropriate to the type of item (dichotomous or
polytomous), m; is equal to 2 for the dichotomously scored items and is equal
to 3 for the polytomous items, and u;; is an indicator variable defined by

u;

_ |1 if response x, is in category [
0 otherwise

Replacing the hypothetical response pattern with the real scored data, the
above function can be viewed as a likelihood function to be maximized by
a given set of item parameters. In TIMSS 2003 analyses, estimates of both
dichotomous and polytomous item parameters were obtained using the com-
mercially available Parscale software (Muracki & Bock, 1991; version 4.1).
The item parameters for each scale were estimated independently of the
parameters of other scales. Once items were calibrated in this manner, a likeli-
hood function for the proficiency 0; was induced from student responses to
the calibrated items. This likelihood function for the proficiency 0y is called
the posterior distribution of the 0, for each respondent.

11.2.3 Proficiency Estimation Using Plausible Values

Most cognitive skills testing is concerned with accurately assessing the per-
formance of individual respondents for the purposes of diagnosis, selection,
or placement. Regardless of the measurement model used, whether classical
test theory or item response theory, the accuracy of these measurements can
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be improved - that is, the amount of measurement error can be reduced by
increasing the number of items given to the individual. Thus, it is common to
see achievement tests designed to provide information on individual students
that contain more than 70 items. Since the uncertainty associated with each
0 in such tests is negligible, the distribution of 6 or the joint distribution of 6
with other variables can be approximated using individual 0's.

For the distribution of proficiencies in large populations, however,
more efficient estimates can be obtained from a matrix-sampling design like
that used in TIMSS. This design solicits relatively few responses from each
sampled respondent while maintaining a wide range of content representation
when responses are aggregated across all respondents. With this approach,
however, the advantage of estimating population characteristics more effi-
ciently is offset by the inability to make precise statements about individuals.
The uncertainty associated with individual 6 estimates becomes too large to
be ignored. In this situation, aggregations of individual student scores can
lead to seriously biased estimates of population characteristics (Wingersky,
Kaplan, & Beaton, 1987).

Plausible values methodology was developed as a way to address
this issue by using all available data to estimate directly the characteristics
of student populations and subpopulations, and then generating multiple
imputed scores, called plausible values, from these distributions that can be
used in analyses with standard statistical software. A detailed review of plau-
sible values methodology is given in Mislevy (1991).

The following is a brief overview of the plausible values approach. Let
y represent the responses of all sampled students to background questions or
background data of sampled students collected from other sources, and let 6
represent the proficiency of interest. If 6 were known for all sampled students,
it would be possible to compute a statistic £(6,y), such as a sample mean or
sample percentile point, to estimate a corresponding population quantity T.

Because of the latent nature of the proficiency, however, 6 values are
not known even for sampled respondents. The solution to this problem is
to follow Rubin (1987) by considering 6 as “missing data” and approximate
1(0,y) by its expectation given (x,y), the data that actually were observed, as
follows:

¢ (x,»)=E[1(8, y)| x, |

= [#(0,y) p(8|x,y) a0
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It is possible to approximate * using random draws from the conditional
distribution of the scale proficiencies given the student’s item responses x;,
the student’s background variables y; and model parameters for the student.
These values are referred to as imputations in the sampling literature, and
as plausible values in large-scale surveys such as TIMSS, NAEP, NALS, and
IALLS. The value of 6 for any respondent that would enter into the com-
putation of ¢ is thus replaced by a randomly selected value from his or her
conditional distribution. Rubin (1987) proposed repeating this process several
times so that the uncertainly associated with imputation can be quantified
by “multiple imputation”. For example, the average of multiple estimates
of t, each computed from a different set of plausible values, is a numerical
approximation of #* of the above equation; the variance among them reflects
uncertainty due to not observing 6. It should be noted that this variance does
not include the variability of sampling from the population. That variability
is estimated separately by jackknife variance estimation procedures, which
are discussed in Chapter 12.

Note that plausible values are not test scores for individuals in the
usual sense, but rather are imputed values that may be used to estimate
population characteristics correctly. When the underlying model is correctly
specified, plausible values will provide consistent estimates of population
characteristics, even though they are not generally unbiased estimates of the
proficiencies of the individuals with whom they are associated.’

Plausible values for each respondent j are drawn from the conditional
distribution P(ej|x,, )4.,1",2), where T is a matrix of regression coefficients for
the background variables, and X is a common variance matrix for residuals.
Using standard rules of probability, the conditional probability of proficiency
can be represented as

P(O|x,,»,.I.2)= P(x,10,,y,.T.2)P(8,| y,.T.2)=P(x,16))P(6, y,.T.%)
)

where 6; is a vector of scale values, P(xj,Gj) is the product over the scales
of the independent likelihoods induced by responses to items within each
scale, and P(ej| yj,F,E) is the multivariate joint density of proficiencies for
the scales, conditional on the observed value Vi of background responses
and parameters I' and Z. Item parameter estimates are fixed and regarded as
population values in the computations described in this section.

5 For further discussion, see Mislevy, Beaton, Kaplan, and Sheehan (1992).
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11.2.4 Conditioning

A multivariate normal distribution was assumed for P(Q,| y_/.,F,Z), with a
common variance, ¥, and with a mean given by a linear model with regres-
sion parameters, I'. Since in large-scale studies like TIMSS there are many
hundreds of background variables, it is customary to conduct a principal com-
ponents analysis to reduce the number to be used in I'. Typically, components
representing 90 percent of the variance in the data are selected. These prin-
cipal components are referred to as the conditioning variables and denoted
as y“. The following model is then fit to the data.

0=T"y+¢,

where € is normally distributed with mean zero and variance X. As in a
regression analysis, I"is a matrix each of whose columns is the effects for each
scale and X is the matrix of residual variance between scales.

Note that in order to be strictly correct for all functions I' of 0, it
is necessary that P(e| y) be correctly specified for all background variables
in the survey. Estimates of functions I" involving background variables not
conditioned on in this manner are subject to estimation error due to mis-
specification. The nature of these errors was discussed in detail in Mislevy
(1991). In TIMSS 2003, however, principal component scores based on nearly
all background variables were used. Those selected variables were chosen to
reflect high relevance to policy and to education practices. The computation
of marginal means and percentile points of 8 for these variables is nearly
optimal.

The basic method for estimating I' and X with the Expectation and
Maximization (EM) procedure is described in Mislevy (1985) for a single
scale case. The EM algorithm requires the computation of the mean, 6, and
variance, 2, of the posterior distribution in equation (3).

11.2.5 Generating Proficiency Scores

After completing the EM algorithm, plausible values for all sampled stu-
dents are drawn from the joint distribution of the values of I" in a three-
step process. First, a value of I is drawn from a normal approximation to
P(F,Z|xj,yj) that fixes T at the value 3 (Thomas, 1993). Segond, condi-
tional on the generated value of I' (and the fixed value of ¥ =), the mean
0, and variance Zf of the posterior distribution in equation (3), where p
is the number of scales, are computed using the methods applied in the EM
algorithm. In the third step, the proficiency values are drawn independently
from a multivariate normal distribution with mean 6; and variance 2
These three steps are repeated five times, producing ﬁve imputations of 8~
for each sampled respondent.
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For respondents with an insufficient number of responses, the I and Zs
described in the previous paragraph are fixed. Hence, all respondents - regard-
less of the number of items attempted - are assigned a set of plausible values.

The plausible values could then be employed to evaluate equation (1)
for an arbitrary function T as follows:

1. Using the first vector of plausible values for each respondent, evaluate T as
if the plausible values were the true values of 6. Denote the result T;.

2. Evaluate the sampling variance of T, or Var(T;), with respect to respon-
dents’ first vectors of plausible values.

3. Carry out steps 1 and 2 for the second through fifth vectors of plausible
values, thus obtaining T, and Var,foru=2, ..., 5.

4. The best estimate of T obtainable from the plausible values is the average
of the five values obtained from the different sets of plausible values:

27
u
5
5. An estimate of the variance of 7 is the sum of two components: an esti-

T=

mate of Var(T,) obtained by averaging as in step 4, and the variance among

~\2
the T,s. Let __ 2 Var, , and let Z(T T ) be the variance among
U=—+___ B, ="—
M M -1
the M plausible values. Then the final estimate of the variance of 7 is:
var(f)=T+ (+M7)B,

The first component in Var (f) reflects uncertainty due to sampling respondents
from the population; the second reflects uncertainty due to the fact that sampled
respondents’ 8s are not known precisely, but only indirectly through x and y.

11.2.6 Working with Plausible Values

Plausible values methodology was used in TIMSS 2003 to ensure the accu-
racy of estimates of the proficiency distributions for the TIMSS population as
a whole and particularly for comparisons between subpopulations. A further
advantage of this method is that the variation between the five plausible
values generated for each respondent reflects the uncertainty associated with
proficiency estimates for individual respondents. However, retaining this com-
ponent of uncertainty requires that additional analytical procedures be used
to estimate respondents’ proficiencies, as follows.
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If 8 values were observed for all sampled respondents, the statistic
(¢t —T)/U" would follow a t-distribution with d degrees of freedom. Then

the incomplete-data statistic (T - T)/ [Var(f")]l/2 is approximately ¢-distributed,
with degrees of freedom (Johnson & Rust, 1993) given by
1
2
+ (1 B f M )
M -1 d

where 4 is the degrees of freedom for the complete-data statistic, and f, is
the proportion of total variance due to not observing 6 values:

(+m)B,
Ju=
Var (T )
When By, is small relative to U, the reference distribution for the incomplete-
data statistic differs little from the reference distribution for the corresponding

complete-data statistics. If, in addition, 4 is large, the normal approximation
can be used instead of the ¢-distribution.

VvV =

For k-dimensional ¢, such as the k coefficients in a multiple regres-
sion analysis, each U and U is a covariance matrix, and B, is an average of
squares and cross-products rather than simply an average of squares. In this
case, the quantity (T—T)Var*‘ (T)(T— T) is approximately F-distributed with
degrees of freedom equal to k and v, with v defined as above but with a
matrix generalization of f, :

fM:(l +M71)Trace [BMVarfl(f)]/k
For the same reason that the normal distribution can approximate

the t distribution, a chi-square distribution with k degrees of freedom can be
used in place of the F-distribution for evaluating the significance of the above
quantity (-7 var' (F)(z-1).

Statistics 7, the estimates of ability conditional on responses to cogni-
tive items and background variables, are consistent estimates of the corre-
sponding population values 7, as long as background variables are included
in the conditioning variables. The consequences of violating this restriction
are described by Beaton & Johnson (1990), Mislevy (1991), and Mislevy &
Sheehan (1987). To avoid such biases, the TIMSS 2003 analyses included
nearly all background variables.
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11.3 Implementing the Scaling Procedures for the TIMSS 2003
Assessment Data

The application of IRT scaling and plausible value methodology to the TIMSS
2003 assessment data involved four major tasks: calibrating the achievement
test items (estimating model parameters for each item), creating principal
components from the questionnaire data for use in conditioning; generat-
ing IRT scale scores (proficiency scores) for mathematics and science and
for each of the mathematics and science content domains; and placing the
proficiency scale scores on the metric used to report the results from previ-
ous assessments. The TIMSS eighth-grade reporting metric was established
by setting the average of the mean scores of the countries that participated in
TIMSS 1995 at the eighth grade to 500 and the standard deviation to 100. To
enable comparisons between 1999 and 1995, the TIMSS 1999 eighth-grade
data also were placed on this metric. Placing the 2003 eighth-grade results
on this metric permitted trend results from three points in time: 1995, 1999,
and 2003. Since TIMSS did not collect data at the fourth grade in 1999, the
TIMSS 2003 fourth-grade data were placed directly on the 1995 fourth-grade
scale, providing comparisons between results from 1995 and 2003. Scale
metrics were aligned for trend reporting only for mathematics and science
overall; there were insufficient trend items from 1995 and 1999 to measure
trends in content areas reliably.

11.3.1 Calibrating the TIMSS 2003 Test Items

As described in Chapter 2, the TIMSS 2003 achievement test design consisted
of a total of 14 mathematics blocks and 14 science blocks at each grade, dis-
tributed across 12 student booklets. Each block contained either mathemat-
ics or science items, drawn from a range of content and cognitive domains.
The 14 mathematics blocks were designated M01 through M14, and the 14
science blocks SO1 through S14. Each student booklet contained six blocks,
which were chosen according to a matrix-sampling scheme that kept the
number of booklets as few as possible while maximizing the number of times
blocks were paired together in a booklet. Half of the booklets contained four
mathematics blocks and two science blocks, and half four science blocks and
two mathematics blocks. Each sampled student completed one of the twelve
student booklets. During the testing sessions, each student responded to three
blocks of items, took a short break, and then responded to the other three
blocks. The booklets were distributed among the students in each sampled
class according to a scheme that ensured comparable random samples of stu-
dents responded to each booklet.
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In line with the TIMSS assessment framework, IRT scales were con-
structed for reporting overall student achievement in mathematics and
science, as well as for reporting separately for each of the mathematics and
science content domains.

The first step in constructing these scales was to estimate the IRT
model item parameters for each item on each of the scales. This item cali-
bration was conducted using the commercially-available Parscale software
(Muraki & Bock, 1991; version 4.1). Item calibration for the overall math-
ematics and science scales, which were used to measure trends from 1995
and 1999, included data from 1995 for fourth grade and from 1999 for eighth
grade. The calibration was conducted using a self-weighting random sample
of 1000 students from each country’s TIMSS student sample from each assess-
ment year. This ensured that the data from each country and each assessment
year contributed equally to the item calibration, while keeping the amount
of data to be analyzed to a reasonable size.

Several calibrations were conducted. At the eighth grade, to construct
separate overall mathematics and science scales for reporting trends, as well
as performance generally in 2003, item calibrations were conducted using
data from the 29 countries that participated in both 1999 and 2003 assess-
ments. These calibrations each included 29,000 student records from the
1999 assessment and 29,000 records from the 2003 assessment, for a total of
58,000 student records. The item parameters established in these calibrations
were used subsequently for estimating student scores for all 49 countries and
4 benchmarking entities that participated in 2003.

At the fourth grade, item calibrations for the overall mathematics
and science scales for reporting trends, as well as performance generally in
2003, were conducted using data from the 15 countries that participated in
both 1995 and 2003 assessments. These calibrations each included 15,000
student records from the 1999 assessment and 15,000 records from the 2003
assessment, for a total of 30,000 student records. As for the eighth grade, the
item parameters established in these calibrations were used subsequently for
estimating student scores for all 26 countries and 3 benchmarking entities
that participated in 2003.

Because there were insufficient items to construct reliable scales for
measuring trends in each of the content domains, scales for these domains
were constructed using 2003 data only. At the eighth grade, separate cali-
brations were conducted for each of the five mathematics and five science
content domains. These calibrations were based on 46,000 student records,
1,000 from each of the 46 countries that participated in the 2003 assess-
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ment.® Similarly at the fourth grade, separate calibrations were conducted
for each of the five mathematics and three science content domains. These
calibrations were based on 26,000 student records, 1,000 from each of the
26 countries that participated in the 2003 assessment at the fourth grade.
Although, because of the matrix-sampling design, not all students responded
to every item, there were at least 2,000 student responses to each item in all
calibrations.

All items in the TIMSS 2003 assessment were included in the item cal-
ibrations. However, a non-trivial position effect was detected during routine
quality control checks on the data. As described in Chapter 2, TIMSS has a
complicated booklet design, with blocks of items appearing in different posi-
tions in different booklets. For example, the items in block M1 appear as the
first block in Booklet 1, as the second block in Booklet 6, and as the third
block in Booklet 12. This allows the booklets to be linked together efficiently,
but also to monitor and counterbalance any position effect. The counterbal-
anced booklet design made it possible to detect an unexpectedly strong posi-
tion effect in the data as the item statistics for each country were reviewed.
More specifically, this position effect occurred because some students in all
countries did not reach all the items in the third block position, which was
the end of the first half of each booklet before the break. The same effect was
evident for the sixth block position, which was the last block in the booklets.
The IRT scaling addressed this problem by treating items in the third and
sixth block positions as if they were unique, even though they also appeared
in other positions. For example, the mathematics items in block M1 from
Booklet 1 (the first position) and from Booklet 6 (second position) were con-
sidered to be the same items for scaling and reporting purposes, but those in
Booklet 12 (the third position) were scaled as items that were different and
unique. This technique is also known as “splitting” the items, or “freeing”
the item parameters.

Exhibits D.1 through D.22 in Appendix D present the item parameters
generated from the calibrations. Items where the parameters have been freed
have an "F" in the second character position of the item label. As a by-product
of the calibrations, interim scores in mathematics, science, and the content
domains for use in constructing conditioning variables were produced.

11.3.2 Omitted and Not-Reached Responses

Apart from missing data on items that by design were not administered to a
student, missing data could also occur because a student did not answer an
item — whether because the student did not know the answer, omitted it by
mistake, or did not have time to attempt the item. An item was considered

6 Data from the four Benchmarking participants were not included in the item calibration.
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not reached when (within part 1 or part 2 of the booklet) the item itself and
the item immediately preceding were not answered, and there were no other
items completed in the remainder of the booklet.

In TIMSS 2003, not-reached items were treated differently in estimat-
ing item parameters and in generating student proficiency scores. In estimat-
ing the values of the item parameters, items that were considered not to have
been reached by students, and that were located in positions 1, 2, 4, and 5
of the test booklet, were treated as if they had not been administered. Items
that were considered not to have been reached by the students, and that were
located in positions 3 and 6 of the test booklet were treated as incorrect. This
approach was considered optimal for parameter estimation. However, not-
reached items were always considered as incorrect responses when student
proficiency scores were generated.

11.3.3 Evaluating Fit of IRT Models to the TIMSS 2003 Data

After the calibrations were completed, checks were performed to verify
that the item parameters obtained from Parscale adequately reproduced the
observed distribution of responses across the proficiency continuum. The fit
of the IRT models to the TIMSS 2003 data was examined by comparing the
theoretical item response function curves generated using the item param-
eters estimated from the data with the empirical item response functions
calculated from the posterior distributions of the 0s for each respondent that
received the item.

Exhibit 11.1 shows a plot of the empirical and theoretical item
response functions for a dichotomous item. In the plot, the horizontal axis
represents the proficiency scale, and the vertical axis represents the prob-
ability of a correct response. Values from the theoretical curve based on the
estimated item parameters are shown as crosses. Empirical results are repre-
sented by circles. The centers of the circles represent the empirical proportions
correct. The plotted values are the sums of these individual posteriors at each
point on the proficiency scale for those students that responded correctly to
the item, plus a fraction of the omitted responses, divided by the sum of the
posteriors of all that were administered the item. The size of the circles is pro-
portional to the sum of the posteriors at each point on the proficiency scale
for all of those who received the item; this is related to the number of respon-
dents contributing to the estimation of that empirical proportion correct.

Exhibit 11.2 contains a plot of the empirical and theoretical item
response functions for a polytomous item. As for the dichotomous item plot
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Exhibit 11.1  TIMSS 2003 Mathematics Assessment Example Response Function for a
Dichotomous Item
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Exhibit 11.2  TIMSS 2003 Mathematics Assessment Example Response Function for a
Polytomous Item

Ajiqeqoud
o )] 0 ~ o n < m o~ - o
- oS o S o oS S S <} [} S
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ L
+ - ™M
+ ++
+ +
+ H#F
+ + -
)] L i
"r'é o+ ol O
© |-
E ? o+ + ot
- — — L
-b: K + o0 o
3, [
L g o+ @+ 0 |
0 L
> e o |
-
- — het _E
— ~ o + + O+0
Q i [
< i O @ Cr i
o O + +O O N
5, | -
l‘_E‘ O + + Or L N
= @ L
Qs G +0 O+ " +
N :ﬂ' _o'
c= OO o | -
Qs 4 O+ +O o [ £¢
Q_s — L 5+
gt = > o 2
[ 3 O + +0O o £ o
; r £
-
vE o O 10 6 [ g *
— H w
Qe 3 +0 or ® [% 7+
-2 = r
0< o ® O © r o
U3 g
S 3 O ® &
(o} N ‘
Sz 2] o o [
§ I F
OF & | o+ @r
ks o
2 5| o+ of <
—_ q |o+ ®
.Q [0) O+ +o |
© B L
Q 2 e+ ok
5 [
o o ol
o. L
+ H#F N
+ +|
+ H*
+ +
+ +r
L
—— — — ———————— — — ———————— — — .
o o 0 ~ © n < m ~N - o '
- oS o S o oS o oS <} [S) S
Avjiqeqoud

TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE 267



CHAPTER 11: SCALING METHODS AND PROCEDURES FOR THE TIMSS 2003 MATHEMATICS AND SCIENCE SCALES

268

above, the horizontal axis represents the proficiency scale, but the vertical
axis represents the probability of having a response fall in a given score cat-
egory. For polytomous items, the sums for those who scored in the category
of interest is divided by the sum for all those that were administered the item.
The interpretation of the circles is the same as in Exhibit 11.2.

11.3.4 Variables for Conditioning the TIMSS 2003 Data

Because there were so many background variables that could be used in con-
ditioning, TIMSS followed the practice established in other large-scale studies
of using principal components analysis to reduce the number of variables
while explaining most of their common variance. Principal components for
the TIMSS 2003 background data were constructed as follows:

1. For categorical variables (questions with a small number of fixed response
options), a “dummy coded” variable was created for each response option,
with a value of one if the option was chosen and zero otherwise. If a
student omitted or was not administered a particular question, all dummy
coded variables associated with that question were assigned the value
Zero.

2. Background variables with numerous response options (such as year of
birth, or number of people who live in the home) were recoded using
criterion scaling.” This was done by replacing each response option with
an interim achievement score. For the overall mathematics and science
scales, the interim achievement scores were the average across the interim
mathematics and science scores produced from the item calibration. For the
content domain scales, the interim achievement scores from the calibra-
tion in each subject were averaged to form a composite mathematics and
a composite science score, and the average of these composite scores was
used as the interim achievement score.

3. Separately for each TIMSS country, all the dummy-coded and criterion-scaled
variables were included in a principal components analysis. Those principal
components accounting for 90 percent of the variance of the background
variables were retained for use as conditioning variables. Because the princi-
pal components analysis was performed separately for each country, different
numbers of principal components were required to account for 90% of the
common variance in each country’s background variables. Exhibit 11.3 and
Exhibit 11.4 show the total number of variables that were used in the prin-
cipal component analysis and the number of principal components selected
to account for 90% of the background variance within each country.

7 The process of generating criterion scaled variables is described in Beaton (1969).
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In addition to the principal components, student gender (dummy
coded), the language of the test (dummy coded), an indicator of the class-
room in the school to which the student belonged (criterion scaled), and an
optional, country-specific variable (dummy coded) were included as condi-
tioning variables.

Exhibit 11.3 Number of Variables and Principal Components for Conditioning TIMSS 2003
Fourth Grade Data

Total number of condi-  Total number of principal

Country Sample Size tioning variables components only
ARM 5674 291 283
AUS 4321 301 216
BFL 4712 305 235
coT 4362 291 218
cQu 4350 291 217
CYpP 4328 291 216
ENG 3585 295 179
HKG 4608 313 230
HUN 3319 307 165
IRN 4352 305 217
ITA 4282 311 214
JPN 4535 313 226
LTu 4422 290 22
LVA 3687 313 184
MAR 4263 297 213
MDA 3981 307 199
NLD 2937 289 146
NOR 4342 313 217
NZL 4308 31 215
PHL 4572 303 228
RUS 3963 305 198
5CO 3936 295 196
SGP 6668 301 333
SVN 3126 313 156
TUN 4334 3N 216
TWN 4661 313 233
USA 9829 287 491
YEM 4205 313 210
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Exhibit 11.4 Number of Variables and Principal Components for Conditioning TIMSS 2003
Eighth Grade Data

Country sample Size T().‘t?l l\!umber_of Total Number of Principal
Conditioning Variables Components Only
ARM 5726 893 286
AUS 4791 417 225
BFL 4970 762 248
BGR 4117 913 205
BHR 4199 432 209
BSQ 2514 431 125
BWA 5150 424 248
CHL 6377 416 240
CcoT 4217 410 210
CcQu 4411 410 220
CYP 4002 897 200
EGY 7095 418 249
ENG 2830 410 141
EST 4040 903 202
GHA 5100 410 245
HKG 4972 432 233
HUN 3302 907 165
IDN 5762 897 288
IRN 4942 424 244
ISR 4318 432 215
ITA 4278 430 213
JOR 4489 432 224
JPN 4856 426 231
KOR 5309 432 234
LBN 3814 745 190
LTy 4964 811 248
LVA 3630 679 181
MAR 3160 408 158
MDA 4033 913 201
MKD 3893 919 194
MYS 5314 412 231
NLD 3065 735 153
NOR 4133 429 206
NZL 3801 430 190
PHL 6917 422 243
PSE 5357 432 251
ROM 4104 919 205
RUS 4667 912 233
SAU 4295 426 214
SCG 4296 919 214
SCo 3516 410 175
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Exhibit 11.4 Number of Variables and Principal Components for Conditioning TIMSS 2003
Eighth Grade Data (..continued)

Country sample Size TO-‘tE.ll I\!umber_of Total Number of Principal
Conditioning Variables Components Only
SGP 6018 420 233
SVK 4215 912 210
SVN 3578 766 178
SWE 4256 916 212
SYR 4895 418 240
TUN 4931 410 22
TWN 5379 432 231
USA 8912 404 229
ZAF 8952 432 255

11.3.5 Generating IRT Proficiency Scores for the TIMSS 2003 Data

Educational Testing Service’s MGROUP program (ETS, 1998; version 3.1)8
was used to generate the IRT proficiency scores. This program takes as input
the students’ responses to the items they were given, the item parameters
estimated at the calibration stage, and the conditioning variables, and gener-
ates as output the plausible values that represent student proficiency. Four
MGROUP runs were conducted at each grade level using the 2003 assess-
ment data: one unidimensional run for the overall mathematics scale, one
unidimensional run for the overall science scale, one multidimensional run
for the mathematics content domain scales, and one multidimensional run
for the science content domain scales.

In addition to generating plausible values for the TIMSS 2003 data,
the parameters estimated at the calibration stage also were used to generate
plausible values on the overall mathematics and science scales using the 1999
eighth-grade data for the 29 trend countries that participated in the TIMSS
1999 eighth-grade assessment and the 1995 fourth-grade data for the 15
countries that participated in the 1995 fourth-grade assessment. These plau-
sible values for the trend countries were called “bridge scores.”

Plausible values generated by the conditioning program are initially
on the same scale as the item parameters used to estimate them. This scale
metric is generally not useful for reporting purposes since it is somewhat
arbitrary, ranges between approximately -3 and +3, and has a mean of zero
across all countries.

8 The MGROUP program was provided by ETS under contract to the TIMSS and PIRLS International Study Center at
Boston College.
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11.3.6 Transforming the Mathematics and Science Scores to Measure Trends
from 1995 and 1999

To provide results for TIMSS 2003 that would be comparable to results from
previous TIMSS’ assessments, the 2003 proficiency scores (plausible values)
for overall mathematics and science had to be transformed to the metric used
in 1995 and 1999. To accomplish this, the means and standard deviations of
the mathematics and science “bridge scores” were made to match the means
and standard deviations of the scores reported in the earlier assessments by
applying the appropriate linear transformations. Once the linear transforma-
tion constants had been established, all of the mathematics and science scores
from the 2003 assessment were transformed by applying the same linear
transformations. This provided mathematics and science student achieve-
ment scores for the TIMS 2003 assessment that were directly comparable to
the scores from the 1995 and 1999 assessments.

11.3.7 Setting the Metric for the Mathematics and Science Content Domain
Scales

As described earlier, the IRT scales for the mathematics and science content
domains had no provision for measuring trends, and so there was no need to
establish links to previous assessment metrics. Instead, the plausible values
for each content domain scale were transformed to the same metric as the
overall subject scale in 2003. For example, in eighth-grade mathematics, the
mean and standard deviation for the number, algebra, measurement, geom-
etry, and data scales were set to have the same mean and standard deviation
as the 2003 eighth-grade mathematics scale.
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Chapter 12

Reporting Student Achievement in
Mathematics and Science

Eugenio J. Gonzalez, Joseph Galia, Alka Arora, Ebru Erberber, and Dana Diaconu

12.1 Overview

The TIMSS 2003 International Mathematics Report (Mullis, Martin, Gonza-
lez, and Chrostowski, 2004) and the TIMSS 2003 International Science Report
(Martin, Mullis, Gonzalez, and Chrostowski, 2004) summarize eighth- and
fourth-grade students’ mathematics and science achievement in each par-
ticipating country. This chapter provides information about the international
benchmarks established to help users of the achievement results understand
the meaning of the achievement scales, and describes the scale anchoring
procedure applied to describe student performance at these benchmarks.
The chapter also describes the jackknifing technique employed by TIMSS
to capture the sampling and imputation variances that follow from TIMSS’
complex student sampling and booklet design, and describes how important
statistics used to compare student achievement across the participating coun-
tries were calculated.

12.2 Describing International Benchmarks of Student Achievement
on the TIMSS 2003 Mathematics and Science Scales’

It is important for users of TIMSS achievement results to understand what
the scores on the TIMSS mathematics and science achievement scales mean.
That is, what does it mean to have a scale score of 513 or 426? To describe
student performance at various points along the TIMSS mathematics and
science achievement scales, TIMSS used scale anchoring to summarize and
describe student achievement at four points on the mathematics and science
scales — Advanced International Benchmark (625), High International Bench-

1 The description of the scale anchoring procedure was adapted from Kelly (1999), Gregory and Mullis (2000), and Gon-
zalez and Kennedy (2003).
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mark (550), Intermediate International Benchmark (475), and Low Interna-
tional Benchmark (400).

In brief, scale anchoring involves selecting Benchmarks (scale points)
on the TIMSS achievement scales to be described in terms of student perfor-
mance and then identifying items that students scoring at the anchor points
(the international benchmarks) can answer correctly. The items, so identified,
are grouped by content area within benchmarks for review by mathematics
and science experts. For TIMSS, the Science and Mathematics Item Replace-
ment Committee (SMIRC) conducted the review. They examined the content
of each item and described the kind of mathematics or science knowledge
demonstrated by students answering the item correctly. The panelists then
summarized the detailed list in a brief description of performance at each
anchor point. This procedure resulted in a content referenced interpretation
of the achievement results that can be considered in light of the TIMSS 2003
Mathematics and Science Frameworks.

12.2.1 Identifying the Benchmarks

Identifying the scale points to serve as benchmarks has been a challenge
in the context of measuring trends. For the TIMSS 1995 and 1999 assess-
ments, the scales were anchored using percentiles. That is, the analysis was
conducted using the Top 10 percent (90" percentile), the Top Quarter (75"
percentile), the Top Half (50" percentile), and the Bottom Quarter (25 per-
centile). However, with different participating countries in each TIMSS cycle
and different achievement for countries participating in previous cycles, it was
pointed out by the National Research Coordinators (NRCs) that the percentile
points were changing with each cycle and that stability was required.

It was clear that TIMSS needed a set of points to serve as benchmarks,
that would not change in the future, that would look sensible, and that were
similar to points used in 1999. After much consideration of points used in
other international (IALS and PISA) and national assessments (e.g., NAEP
in the United States), it was decided to use specific scale points with equal
intervals as the international benchmarks. At the TIMSS Project Manage-
ment Meeting in March 2004, a set of four points on the mathematics and
science achievement scales was identified to be used as the international
benchmarks, namely 400, 475, 550, and 625. These points were selected to
be as close as possible to the percentile points anchored in 1999 at the eighth
grade (i.e., Top 10% was 616 for mathematics and science, Top Quarter was
555 for mathematics and 558 for science, Top Half was 479 for mathematics
and 488 for science, and Bottom Quarter was 396 for mathematics and 410
for science). The newly defined benchmark scale points were used as the
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basis for the scale anchoring descriptions. Exhibit 12.1 shows the scale scores
representing each international benchmark for both grades in mathematics

and science.

Exhibit 12.1  TIMSS 2003 International Benchmarks for Eighth and Fourth Grade
Mathematics and Science

Scale Score International Benchmark
625 Advanced International Benchmark
550 High International Benchmark
475 Intermediate International Benchmark
400 Low International Benchmark

12.2.2 Identifying the Anchor Items

After selecting the benchmark points to be described on the TIMSS 2003
mathematics and science achievement scales, the first step in the scale-
anchoring procedure was to establish criteria for identifying those students
scoring at the international benchmarks. Following the procedure used in
previous IEA studies, a student scoring within plus and minus five scale score
points of a benchmark was identified for the benchmark analysis. The score
ranges around each international benchmark and the number of students
scoring in each range for mathematics and science are shown in Exhibit 12.2
for the eighth grade and in Exhibit 12.3 for the fourth grade. The range of
plus and minus five points around a benchmark is intended to provide an
adequate sample in each group, yet be small enough so that performance at
each benchmark anchor point is still distinguishable from the next. The data
analysis for the scale anchoring was based on these students scoring at each
benchmark range.

Exhibit 12.2 Range around Each Anchor Point and Number of Observations within
Ranges - Eighth Grade

Intermediate . Advanced
Low Benchmark Benchmark High Benchmark Benchmark
Range of Scale 395 - 405 470 - 480 545 - 555 620 - 630
Scores
Mathematics Students 6372 8294 6955 3320
Science Students 5633 8731 8373 3477
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Exhibit 12.3 Range around Each Anchor Point and Number of Observations within
Ranges - Fourth Grade

Low Benchmark Irl;?r:‘::ﬁ:;:ie High Benchmark I:;:\‘ﬁ\rrlrfae:‘k
Range of Scale Scores 395 - 405 470 - 480 545 - 555 620 - 630
Mathematics Students 2352 473 5169 2481
Science Students 2408 4559 4892 2085

12.2.3 Anchoring Criteria

Having identified the number of students scoring at each benchmark anchor
point, the next step was establishing criteria for determining whether par-
ticular items anchor at each of the anchor points. An important feature of the
scale anchoring method is that it yields descriptions of the performance dem-
onstrated by students reaching the benchmarks on the TIMSS mathematics
and science achievement scales, and that these descriptions reflect demonstra-
bly different accomplishments of students reaching each successively higher
benchmark. The process entails the delineation of sets of items that students
at each benchmark anchor point are very likely to answer correctly and that
discriminate between performance at the various benchmarks. Criteria were
applied to identify the items that are answered correctly by most of the stu-
dents at the anchor point, but by fewer students at the next lower point.

In scale anchoring, the anchor items for each point are intended to
be those that differentiate between adjacent anchor points, e.g., between the
Advanced and the High international benchmarks. To meet this goal, the
criteria for identifying the items must take into consideration performance
at more than one anchor point. Therefore, in addition to a criterion for the
percentage of students at a particular benchmark correctly answering an item,
it was necessary to use a criterion for the percentage of students scoring at
the next lower benchmark who correctly answer an item. For multiple choice
items, the criterion of 65% was used for the anchor point, since students
would be likely (about two-thirds of the time) to answer the item correctly.
The criterion of less than 50% was used for the next lower point, because
with this response probability, students were more likely to have answered
the item incorrectly than correctly. Because there is no possibility of guessing,
for constructed response items the criterion of 50% was used for the anchor
point and no criterion was used for the lower points.

The criteria used to identify multiple-choice items that “anchored”
are outlined below:
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For the Low International Benchmark (400), a multiple-choice item
anchored if

e Atleast 65% of students scoring in the range answered the item correctly
e Because the Low International Benchmark was the lowest one described,
items were not identified in terms of performance at a lower point

For the Intermediate International Benchmark (475), a multiple-
choice item anchored if

e Atleast 65% of students scoring in the range answered the item correctly
and

e Less than 50% of students at the Low International Benchmark answered
the item correctly

For the High International Benchmark (550), a multiple-choice item

anchored if

e Atleast 65% of students scoring in the range answered the item correctly
and

e Less than 50% of students at the Intermediate International Benchmark
answered the item correctly

For the Advanced International Benchmark (625), a multiple-choice item

anchored if

e Atleast 65% of students scoring in the range answered the item correctly
and

e Less than 50% of students at the High International Benchmark answered
the item correctly

To include all of the items in the anchoring process and provide infor-
mation about content areas and cognitive processes that might not have had
many items anchor exactly, items that met a slightly less stringent set of cri-
teria were also identified. The criteria to identify multiple-choice items that
“almost anchored” were the following:

For the Low International Benchmark (400), a multiple-choice item
almost anchored if

e Atleast 60% of students scoring in the range answered the item correctly

e Because Low International Benchmark was the lowest point, items were
not identified in terms of performance at a lower point

For the Intermediate International Benchmark (475), a multiple-choice item

almost anchored if

e Atleast 60% of students scoring in the range answered the item correctly
and
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e Less than 50% of students at the Low International Benchmark answered
the item correctly

For the High International Benchmark (550), a multiple-choice item almost
anchored if

e At least 60% of students scoring in the range answered the item correctly
and

e Less than 50% of students at the Intermediate International Benchmark
answered the item correctly

For the Advanced International Benchmark (625), a multiple-choice item

almost anchored if

e At least 60% of students scoring in the range answered the item correctly
and

e Less than 50% of students at the High International Benchmark answered
the item correctly

To be completely inclusive for all items, items that met only the crite-
rion that at least 60% of the students answered correctly (regardless of the
performance of students at the next lower point) were also identified. The
three categories of items were mutually exclusive, and ensured that all of the
items were available to inform the descriptions of student achievement at the
anchor levels. A multiple-choice item was considered to be “too difficult” to
anchor if less than 60% of students at the Advanced Benchmark answered
the item correctly.

Different criteria were used to identify constructed-response items that
“anchored.” A constructed-response item anchored at one of the international
benchmarks if at least 50% of students at that benchmark answer the item
correctly. A constructed-response item was considered to be “too difficult” to
anchor if less than 50% of students at the Advanced Benchmark answered
the item correctly.

12.2.4 Computing the Item Percent Correct At Each Anchor Level

The percentage of students scoring in the range around each anchor point that
answered the item correctly was computed. To compute these percentages,
students in each country were weighted to contribute proportional to the size
of the student population in a country. Most of the TIMSS 2003 items are
scored dichotomously. For these items, the percent of students at each anchor
point who answered each item correctly was computed. For constructed-
response items, percentages were computed for the students receiving full
credit, even if the item was scored for partial as well as full credit.
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12.2.5 Identifying Anchor Items

For the TIMSS 2003 mathematics and science scales, the criteria described
above were applied to identity the items that anchored, almost anchored,
and met only the 60 to 65 percent criterion. Exhibit 12.4 and Exhibit 12.5
present the number of these items, at the eighth grade, anchoring at each
anchor point on the mathematics and science scales, respectively. Exhibit 12.6
and Exhibit 12.7 present the numbers at the fourth grade. All together, at the
eighth grade, four mathematics items met the anchoring criteria at the Low
International Benchmark, 40 did so for the Intermediate International Bench-
mark, 75 for the High International Benchmark, and 63 for the Advanced
International Benchmark. Twelve items were too difficult for the Advanced
International Benchmark. In science, 10 items met one of the criteria for
anchoring at the Low International Benchmark, 23 for the Intermediate Inter-
national Benchmark, 61 for the High International Benchmark, and 68 for the
Advanced International Benchmark. Twenty-seven items were too difficult to
anchor at the Advanced International Benchmark at the eighth grade.

At the fourth grade level, 17 mathematics items met the anchoring
criteria at the Low International Benchmark, 43 did so for the Intermediate
International Benchmark, 56 for the High International Benchmark, and 33
for the Advanced International Benchmark. Ten items were too difficult for the
Advanced International Benchmark. In science, 32 items met one of the crite-
ria for anchoring at the Low International Benchmark, 37 for the Intermediate
International Benchmark, 28 for the High International Benchmark, and 37
for the Advanced International Benchmark. Sixteen items were too difficult
to anchor at the Advanced International Benchmark at the fourth grade.

Including items meeting the less stringent anchoring criteria substan-
tially increased the number of items that could be used to characterize per-
formance at each benchmark, beyond what would have been available if only
the items that met the 65 percent criteria were included. Even though these
items did not meet the 65 percent anchoring criteria, they were still items
that students scoring at the benchmarks had a high degree of probability of

answering correctly.
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Exhibit 12.4  Number of Items Anchoring at Each Anchor Level Eighth Grade Mathematics

659

muchored R Crieron Tota
Low (400) 3* 1 - 4
Intermediate (475) 25 5* 10 40
High (550) 46 10 19* 75
Advanced (625) 4 5 17 63
Too Difficult to Anchor 12 - - 12
Total 127 21 46 194

* These numbers where obtained based on the anchor points where the calculator-sensitive items anchor if considered without
calculator (see Appendix A of the International Mathematics Report for more details on calculator use in TIMSS 2003 assess-
ment))

Exhibit 12.5 Number of Items Anchoring at Each Anchor Level Eighth Grade Science
Met 60-65%

Anchored Almost Anchored Criterion Total
Low (400) 6 4 - 10
Intermediate (475) 10 4 9 23
High (550) 35 5 21 61
Advanced (625) 40 5 23 68
Too Difficult to Anchor 27 - - 27
Total 118 18 53 189

Exhibit 12.6 Number of Items Anchoring at Each Anchor Level Fourth Grade Mathematics

659
Anchored Anchored Werterion Total
Low (400) 15 2 - 17
Intermediate (475) 21 " n 43
High (550) 36 7 13 56
Advanced (625) 23 1 9 33
Too Difficult to Anchor 10 - - 10
Total 105 21 33 1592

2 Following the item review, two items were deleted out of 161 items in the Mathematics Grade 4 test, resulting in 159
items (see chapter 10 for more details on item review process).
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Exhibit 12.7 Number of Items Anchoring at Each Anchor Level Fourth Grade Science

Anchored Almost Met 60-65% Total
Anchored Criterion

Low (400) 26 6 - 32
Intermediate (475) 20 5 12 37
High (550) 18 2 8 28
Advanced (625) 25 3 9 37
Too Difficult to Anchor 16 - - 16
Total 105 16 29 1503

12.2.6 Expert Review of Anchor Items by Content Area

Having identified the items that anchored at each of the international bench-
marks, the next step was to have the items reviewed by the TIMSS 2003
Science and Mathematics Item Review Committee (SMIRC) to develop
descriptions of student performance. In preparation for the review by the
SMIRC, the mathematics and science items, respectively, were organized in
binders grouped by benchmark anchor point and within anchor point, the
items were sorted by content area and then by the anchoring criteria they
met — items that anchored, followed by items that almost anchored, followed
by items that met only the 60 to 65% criteria. The following information was
included for each item: content area, main topic, cognitive domain, answer
key, percent correct at each anchor point, and overall international percent
correct. For open-ended items, the scoring guides were included.

The TIMSS & PIRLS International Study Center convened the SMIRC
for a four-day meeting. The assignment consisted of three tasks: (1) work
through each item in each binder and arrive at a short description of the
knowledge, understanding, and/or skills demonstrated by students answering
the item correctly; (2) based on the items that anchored, almost anchored,
and met only the 60-65% criterion, draft a description of the level of com-
prehension demonstrated by students at each of the four benchmark anchor
points; and (3) select example items to support and illustrate the anchor point
descriptions. Following the meeting, these drafts were edited and revised as
necessary for use in the TIMSS 2003 International Reports.

Exhibits 12.8 and 12.9 present, for each scale, the number of items
per content area that met one of the anchoring criteria discussed above, at
each International Benchmark, and the number of items that were too dif-
ficult for the Advanced International Benchmark, at the eighth grade level.
Exhibits 12.10 and 12.11 present the same information for the fourth grade.
The descriptions for each item developed by SMIRC and the summaries are

3 Following the item review, two items were deleted out of 152 items in the Science Grade 4 test, resulting in 150 items
(see chapter 10 for more details on item review process).
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presented in the TIMSS 2003 International Reports.

Exhibit 12.8 Number of Items Anchoring at Each Anchor Level, by Content Area Eighth
Grade Mathematics

Low (400) '“tem‘;‘;iate High (550) Ad(‘g’z';‘)"'d Difo(i):ult Total
to Anchor
Number 2% 1n* 22* 20 2 57
Algebra 0 1 16 16 4 47
Measurement 1 4 14 10 2 31
Geometry 0 8 12 10 1 31
Data 1 6 11 7 3 28
Total 4 40 75 63 12 194

* These numbers where obtained based on the anchor points where the calculator-sensitive items anchor if considered without
calculator (see Appendix A of the International Mathematics Report for more details on calculator use in TIMSS 2003 assess-
ment)

Exhibit 12.9 Number of Items Anchoring at Each Anchor Level, by Content Area Eighth
Grade Science

Low Intermediate High Advanced Di;rf?:ult Total
(400) (475) (550) (625) to
Anchor

Life Science 4 4 19 19 8 54
Chemistry 1 1 8 16 5 31
Physics 3 7 17 13 6 46
Earth Science 1 7 9 10 4 31
Environmental Science 1 4 8 10 4 27
Total 10 23 62 68 27 189

Exhibit 12.10 Number of Items Anchoring at Each Anchor Level, by Content Area Fourth
Grade Mathematics

Low Intermediate High Advanced Dii;l;‘(i)?ult Total
(400) (475) (550) (625) to
Anchor

Number 7 18 22 12 4 63
Celstionhps ! g g 4 ! 2
Measurement 2 5 " 13 1 32
Geometry 5 6 10 2 1 24
Data 2 8 5 2 0 17
Total 17 43 56 33 10 1594

4 Following the item review, two items were deleted out of 161 items in the Mathematics Grade 4 test, resulting in 159
items (see chapter 10 for more details on item review process).
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Exhibit 12.11 Number of Items Anchoring at Each Anchor Level, by Content Area Fourth
Grade Science

Low Intermediate High Advanced . '!'oo

(400) (475) (550)  (625) D'I\f:c“;:‘rm Total
Life Science 17 14 1 15 7 64
Physical Science 9 13 12 13 6 53
Earth Science 6 10 5 9 3 33
Total 32 37 28 37 16 150°

12.3 Capturing the Uncertainty in the TIMSS Student
Achievement Measures

To obtain estimates of students’ proficiency in mathematics and science that
were both accurate and cost-effective, TIMSS 2003 made extensive use of
probability sampling techniques to sample students from national eighth- and
fourth-grade student populations, and applied matrix sampling methods to
target individual students with a subset of the entire set of assessment mate-
rials. Statistics computed from these student samples were used to estimate
population parameters. This approach made an efficient use of resources, in
particular keeping student response burden to a minimum, but at a cost of
some variance or uncertainty in the statistics. To quantify this uncertainty,
each statistic in the TIMSS 2003 international reports (Mullis et al., 2004;
Martin et al., 2004) is accompanied by an estimate of its standard error. These
standard errors incorporate components reflecting the uncertainty due to gen-
eralizing from student samples to the entire eighth- or fourth-grade student
population (sampling variance), and to inferring students” performance on
the entire assessment from their performance on the subset of items that they
took (imputation variance).

12.3.1 Estimating Sampling Variance

The TIMSS 2003 sampling design applied a stratified multistage cluster-sam-
pling technique to the problem of selecting efficient and accurate samples of
students while working with schools and classes. This design capitalized on the
structure of the student population (i.e., students grouped in classes within
schools) to derive student samples that permitted efficient and economical data
collection. Unfortunately, however, such a complex sampling design compli-
cates the task of computing standard errors to quantify sampling variability.

When, as in TIMSS, the sampling design involves multistage cluster
sampling, there are several options for estimating sampling errors that avoid
the assumption of simple random sampling (Wolter, 1985). The jackknife

5 Following the item review, two items were deleted out of 152 items in the Science Grade 4 test, resulting in 150 items
(see chapter 10 for more details on item review process).
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repeated replication technique (JRR) was chosen by TIMSS because it is com-
putationally straightforward and provides approximately unbiased estimates
of the sampling errors of means, totals, and percentages.

The variation on the JRR technique used in TIMSS 2003 is described
in Johnson and Rust (1992). It assumes that the primary sampling units
(PSUs) can be paired in a manner consistent with the sample design, with
each pair regarded as members of a pseudo-stratum for variance estimation
purposes. When used in this way, the JRR technique appropriately accounts
for the combined effect of the between- and within-PSU contributions to
the sampling variance. The general use of JRR entails systematically assign-
ing pairs of schools to sampling zones, and randomly selecting one of these
schools to have its contribution doubled and the other to have its contribu-
tion zeroed, so as to construct a number of “pseudo-replicates” of the original
sample. The statistic of interest is computed once for all of the original sample,
and once again for each pseudo-replicate sample. The variation between the
estimates for each of the replicate samples and the original sample estimate
is the jackknife estimate of the sampling error of the statistic.

12.3.1.1 Constructing Sampling Zones for Sampling Variance Estimation

To apply the JRR technique used in TIMSS 2003, the sampled schools had to
be paired and assigned to a series of groups known as sampling zones. This
was done at Statistics Canada by working through the list of sampled schools
in the order in which they were selected and assigning the first and second
schools to the first sampling zone, the third and fourth schools to the second
zone, and so on. In total 75 zones were used, allowing for 150 schools per
country. When more than 75 zones were constructed, they were collapsed
to keep the total number to 75.

Sampling zones were constructed within design domains, or explicit
strata. Where there was an odd number of schools in an explicit stratum,
either by design or because of school nonresponse, the students in the remain-
ing school were randomly divided to make up two “quasi” schools for the
purposes of calculating the jackknife standard error. Each zone then consisted
of a pair of schools or “quasi” schools. Exhibit 12.12 shows the range of sam-
pling zones used in each country.
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Exhibit 12.12 Number of Sampling Zones Used in Each Country

Country TIM?S 2003 TIM?S 1999 TIM?S 1995
Sampling Zones Sampling Zones Sampling Zones
Armenia 75 - -
Australia 75 - 74
Bahrain 75 - -
Belgium (Flemish) 75 74 7
Botswana 73 - -
Bulgaria 75 75 58
Chile 75 75 -
Chinese Taipei 75 75 -
Cyprus 75 61 55
Egypt 75 - -
England 44 64 64
Estonia 75 - -
Ghana 75 - -
Hong Kong, SAR 63 69 43
Hungary 75 74 75
Indonesia 75 75 -
Iran, Islamic Rep. of 75 75 75
Israel 74 70 -
Italy 75 75 -
Japan 74 7 75
Jordan 70 74 -
Korea, Rep. of 75 75 75
Latvia 70 73 64
Lebanon 75 - -
Lithuania 72 75 73
Macedonia, Rep. of 75 75 -
Malaysia 75 75 -
Moldova, Rep. of 75 75 -
Morocco 67 75 -
Netherlands 65 63 48
New Zealand 75 75 75
Norway 69 - 74
Palestinian Nat'l Auth. 73 - -
Philippines 69 75 -
Romania 74 74 72
Russian Federation 69 56 4
Saudi Arabia 75 - -
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Exhibit 12.12 Number of Sampling Zones Used in Each Country (...continued)

Country TIM?S 2003 TIM?S 1999 TIM?S 1995
Sampling Zones Sampling Zones Sampling Zones

Scotland 65 - 64

Serbia 75

Singapore 75 73 69

Slovak Republic 75 73 73

Slovenia 75 - 61

South Africa 75 75

Sweden 75 - 60

Tunisia 75 75

United States 75 53 55

12.3.1.2 Computing Sampling Variance Using the JRR Method

The JRR algorithm used in TIMSS 2003 assumes that there are H sampling
zones within each country, each containing two sampled schools selected
independently. To compute a statistic ¢ from the sample for a country, the
formula for the JRR variance estimate of the statistic ¢ is then given by the
following equation:

var, (1)= z kU, )~

where H is the number of pairs in the sample for the country. The term £(S)
corresponds to the statistic for the whole sample (computed with any specific
weights that may have been used to compensate for the unequal probability
of selection of the different elements in the sample or any other post-strati-
fication weight). The element #(J;) denotes the same statistic using the A"
jackknife replicate. This is computed using all cases except those in the A
zone of the sample; for those in the 4" zone, all cases associated with one of
the randomly selected units of the pair are removed, and the elements asso-
ciated with the other unit in the zone are included twice. In practice, this is
accomplished by recoding to zero the weights for the cases of the element
of the pair to be excluded from the replication, and multiplying by two the
weights of the remaining element within the 4™ pair.

The computation of the JRR variance estimate for any statistic in
TIMSS 2003 required the computation of the statistic up to 76 times for
any given country: once to obtain the statistic for the full sample, and up
to 75 times to obtain the statistics for each of the jackknife replicates (J;).
The number of times a statistic needed to be computed for a given country
depended on the number of implicit strata or sampling zones defined for
that country.
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Doubling and zeroing the weights of the selected units within the sam-
pling zones was accomplished by creating replicate weights that were then
used in the calculations. In this approach, a set of temporary replicate weights
are created for each pseudo-replicate sample. Each replicate weight is equal
to k times the overall sampling weight, where k can take values of 0, 1, or 2
depending on whether the case is to be removed from the computation, left
as it is, or have its weight doubled. The value of k for an individual student
record for a given replicate depends on the assignment of the record to the
specific PSU and zone.

Within each zone the members of the pair of schools are assigned an
indicator (u,;), coded randomly to 1 or 0 so that one of them has a value of
1 on the variable u, and the other a value of 0. This indicator determines
whether the weights for the elements in the school in this zone are to be
doubled or zeroed. The replicate weight Whg’["’ for the elements in a school
assigned to zone & is computed as the product of k, times their overall sam-
pling weight, where k, can take values of 0, 1, or 2 depending on whether the
school is to be omitted, be included with its usual weight, or have its weight
doubled for the computation of the statistic of interest. In TIMSS 2003, the
replicate weights were not permanent variables, but were created temporarily
by the sampling variance estimation program as a useful computing device.

To create replicate weights, each sampled student was first assigned
a vector of 75 weights, W,*"/, where h takes values from 1 to 75. The value
of W' is the overall sampling weight, which is simply the product of the
final school weight, classroom weight, and student weight, as described in
Chapter 9.

The replicate weights for a single case were then computed as
ghj _ Q7 &it.J
W, =W ’ khi

where the variable &, for an individual 7 takes the value kj,; = 2*u; if the record
belongs to zone 4, and kj,; = 1 otherwise.

In the TIMSS 2003 analysis, 75 replicate weights were computed for
each country regardless of the number of actual zones within the country. If a
country had fewer than 75 zones, then the replicate weights W;, where & was
greater than the number of zones within the country, were each the same as
the overall sampling weight. Although this involved some redundant compu-
tation, having 75 replicate weights for each country had no effect on the size
of the error variance computed using the jackknife formula, but it facilitated
the computation of standard errors for a number of countries at a time.
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Standard errors presented in the international reports were computed
using SAS programs developed at the TIMSS & PIRLS International Study
Center. As a quality control check, results were verified using the WesVarPC
software (Westat, 1997).

12.3.2 Estimating Imputation Variance

The TIMSS 2003 item pool was far too extensive to be administered in its
entirety to any one student, and so a matrix-sampling test design was devel-
oped whereby each student was given a single test booklet containing only
a part of the entire assessment.® The results for all of the booklets were then
aggregated using item response theory to provide results for the entire assess-
ment. Since each student responded to just a subset of the assessment items,
multiple imputation (the generation of “plausible values”) was used to derive
reliable estimates of student performance on the assessment as a whole. Since
every student proficiency estimate incorporates some uncertainty, TIMSS fol-
lowed the customary procedure of generating five estimates for each student
and using the variability among them as a measure of this imputation uncer-
tainty, or error. In the TIMSS 2003 international report the imputation error
for each variable has been combined with the sampling error for that variable
to provide a standard error incorporating both.

The general procedure for estimating the imputation variance using
plausible values is the following (Mislevy, R.J., Beaton, A.E., Kaplan, B., and
Sheenan, K.M., 1992). First compute the statistic ¢, for each set of M plausible
values. The statistics ¢, where m =1, 2, ..., 5, can be anything estimable
from the data, such as a mean, the difference between means, percentiles,
and so forth.

Once the statistics are computed, the imputation variance is then com-
puted as:

Var, =(+1/M)Var(t,,...t, )

imp

where M is the number of plausible values used in the calculation, and is the
variance of the M estimates computed using each plausible value.

12.3.3 Combining Sampling and Imputation Variance

The standard errors of the mathematics and science proficiency statistics
reported by TIMSS include both sampling and imputation variance compo-
nents. The standard errors were computed using the following formula:’

Var Q‘ o )= var ,, (l‘1 )+ var,,,

6 Details of the TIMSS test design may be found in Chapter 2.

7 Under ideal circumstances and with unlimited computing resources, the imputation variance for the plausible values and
the JRR sampling variance for each of the plausible values would be computed. This would be equivalent to computing
the same statistic up to 380 times (once overall for each of the five plausible values using the overall sampling weights,
and then 75 times more for each plausible value using the complete set of replicate weights). An acceptable shortcut,
however, is to compute the JRR variance component using one plausible value, and then the imputation variance using
the five plausible values. Using this approach, a statistic needs to be computed only 80 times.
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where Var, (t,) is the sampling variance for the first plausible value and Var,, .
is the imputation variance. The User Guide for the TIMSS 2003 International
Database contains programs in SAS and SPSS that compute each of these

variance components for the TIMSS 2003 data.

Exhibits 12.13 through 12.16 show basic summary statistics for math-
ematics and science achievement in the TIMSS 2003 assessment for the eighth
and fourth grades. Each exhibit presents the student sample size, the mean
and standard deviation, averaged across the five plausible values, the jack-
knife standard error for the mean, and the overall standard errors for the
mean including imputation error. Appendix E contains tables showing the
same summary statistics for the mathematics and science content areas for
the eighth and fourth grades.

12.4 Calculating National and International Statistics for Student
Achievement

As described in earlier chapters, TIMSS 2003 made extensive use of imputed
proficiency scores to report student achievement, both in the major content
domains (number, algebra, measurement, geometry, and data for mathe-
matics and life science, chemistry, physics, earth science, and environmental
science for science) and mathematics and science as overall subjects. This
section describes the procedures followed in computing the principal statis-
tics used to summarize achievement in the International Reports (Mullis, et
al., 2004; Martin et al., 2004), including means based on plausible values,
gender differences, performance in content domains, and performance on
example items.

For each of the TIMSS 2003 mathematics and science scales, the item
response theory (IRT) scaling procedure described in Chapter 11 yields five
imputed scores or plausible values for each student. The difference between
the five values reflects the degree of uncertainty in the imputation process.
When the process yields consistent results, the differences between the five
values are very small. To obtain the best estimate for each of the TIMSS statis-
tics, each one was computed five times, using each of the five plausible values
in turn, and the results averaged to derive the reported value. The standard
errors that accompany each reported statistic include two components as
described in the previous section: one quantifying sampling variation and the
other quantifying imputation variation.
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Exhibit 12.13 Summary Statistics and Standard Errors for Proficiency in Mathematics -
Eighth Grade

Jackknife Overall

Country Sample Size IVI.e‘an Star}da?rd Sampling Standard
Proficiency Deviation Error Error

Armenia 5726 478.127 83.522 2.952 2.997
Australia 4791 504.703 81.538 4.613 4.638
Bahrain 4199 401.196 76.317 1.571 1.727
Belgium (Flemish) 4970 536.710 73.494 2.696 2.772
Botswana 5150 366.345 71.554 2.189 2.581
Bulgaria 4117 476.169 84.077 4.222 4.315
Chile 6377 386.880 83.233 3.060 3.269
Chinese Taipei 5379 585.252 99.969 4.507 4.607
Cyprus 4002 459.366 81.377 1.474 1.653
Egypt 7095 406.168 92.754 3.423 3.505
England 2830 498.464 77.231 4.653 4.674
Estonia 4040 530.915 69.334 2.931 2.997
Ghana 5100 275.704 90.996 4.339 4.657
Hong Kong, SAR 4972 586.051 71.924 3.245 3.324
Hungary 3302 529.275 79.506 3.212 3.221
Indonesia 5762 410.702 88.789 4.796 4.844
Iran, Islamic Rep. of 4942 411.447 74.303 2.316 2.351
Israel 4318 495.648 84.682 3.360 3.422
Italy 4278 483.599 76.675 3.145 3.192
Japan 4856 569.921 79.874 1.985 2.074
Jordan 4489 424.352 89.007 4.068 4.086
Korea, Rep. of 5309 589.092 83.855 1.853 2.191
Latvia 3630 508.327 73.094 3.131 3.174
Lebanon 3814 433.045 66.747 3.040 3.091
Lithuania 4964 501.615 78.291 2.442 2.458
Macedonia, Rep. of 3893 434.983 88.380 3.500 3.542
Malaysia 5314 508.336 74.263 4.035 4.079
Moldova, Rep. of 4033 459.895 80.563 4.006 4.050
Morocco 2943 386.539 68.126 2134 2.483
Netherlands 3065 536.273 69.391 3.788 3.820
New Zealand 3801 494.040 78.318 5.264 5.275
Norway 4133 461.470 70.859 2.427 2.499
Palestinian Nat'l Auth. 5357 390.486 91.839 3.037 3.104
Philippines 6917 377.690 87.339 5.164 5.208
Romania 4104 475.282 90.230 4.786 4.822
Russian Federation 4667 508.041 76.619 3.532 3.709
Saudi Arabia 4295 331.682 78.324 4.466 4.574
Scotland 3516 497.654 74.820 3.585 3.7
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Exhibit 12.13 Summary Statistics and Standard Errors for Proficiency in Mathematics -
Eighth Grade (...Continued)

Jackknife Overall
. Mean Standard -
Country Sample Size .. . Sampling Standard
Proficiency Deviation
Error Error

Serbia 4296 476.637 88.850 2.477 2.595
Singapore 6018 605.450 80.090 3.508 3.583
Slovak Republic 4215 507.740 82.382 3.250 3.308
Slovenia 3578 492.956 71.101 2.089 2.193
South Africa 8952 263.614 107.151 5.330 5.490
Sweden 4256 499.058 71.182 2.550 2.622
Tunisia 4931 410.329 60.340 2121 2.186
United States 8912 504.366 79.993 3.270 3.309

Exhibit 12.14 Summary Statistics and Standard Errors for Proficiency in Mathematics -
Fourth Grade

Jackknife Overall

Country Sample Size M.e:':m Star.lde?rd Sampling Standard
Proficiency Deviation Error Error

Armenia 5674 455,925 86.681 3.473 3.489
Australia 4321 498.663 80.862 3.821 3.882
Belgium (Flemish) 4712 550.601 58.948 1.773 1.783
Chinese Taipei 4661 563.949 63.029 1.696 1.752
Cyprus 4328 509.810 85.391 2.399 2.424
England 3585 531.182 87.407 3.701 3.736
Hong Kong, SAR 4608 574.782 63.389 3.080 3.161
Hungary 3319 528.502 77.251 3.045 3.130
Iran, Islamic Rep. of 4352 389.052 85.697 4.012 4.153
Italy 4282 502.762 82.050 3.662 3.679
Japan 4535 564.556 73.749 1.515 1.598
Latvia 3687 535.855 72.517 2.789 2.835
Lithuania 4422 534.017 73.806 2.797 2.804
Moldova, Rep. of 3981 504.149 87.334 4.818 4.879
Morocco 4264 346.807 90.250 4.940 5.081
Netherlands 2937 540.373 54.625 2.013 2.109
New Zealand 4308 493.464 84.230 2.139 2.151
Norway 4342 451.342 80.240 2.260 2.298
Philippines 4572 358.195 109.709 7.861 791
Russian Federation 3963 531.682 78.249 4.734 4.746
Scotland 3936 490.321 77.541 3.166 3.252
Singapore 6668 594.427 84.222 5.558 5.597
Slovenia 3126 478.795 77.946 2.575 2.619
Tunisia 4334 339.300 99.591 4.567 4.730
United States 9829 518.284 76.272 2.429 2.436
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Exhibit 12.15 Summary Statistics and Standard Errors for Science Proficiency -
Eighth Grade

Jackknife Overall

Country Sample Size M.ef':m Stal?dz?rd Sampling Standard
Proficiency Deviation Error Error

Armenia 5726 461.267 81.041 3.413 3.465
Australia 4791 527.014 75.307 3.763 3.800
Bahrain 4199 438.255 74.470 1.625 1.793
Belgium (Flemish) 4970 515.506 66.954 2.457 2.487
Botswana 5150 364.569 86.472 2,17 2.840
Bulgaria 4117 478.843 92.987 5.072 5.151
Chile 6377 412.851 84.096 2.827 2.890
Chinese Taipei 5379 571.092 79.064 3.381 3.457
Cyprus 4002 441.474 79.496 1.589 2.049
Egypt 7095 421.117 103.720 3.825 3.898
England 2830 543.896 76.832 4.070 4.140
Estonia 4040 552.258 65.049 2.382 2.456
Ghana 5100 255.324 120.145 5.726 5.882
Hong Kong, SAR 4972 556.089 65.545 2.965 3.039
Hungary 3302 542.761 75.903 2.800 2.837
Indonesia 5762 420.221 78.769 3.981 4.055
Iran, Islamic Rep. of 4942 453.428 72.593 2.176 2.329
Israel 4318 488.200 84.965 3.028 3.082
Italy 4278 490.891 78.125 2.996 3.062
Japan 4856 552.178 71.011 1.691 1.739
Jordan 4489 474.845 89.396 3.755 3.848
Korea, Rep. of 5309 558.399 69.575 1.581 1.641
Latvia 3630 512.363 67.343 2.532 2.551
Lebanon 3814 393.399 92.556 4.271 4.315
Lithuania 4964 519.380 69.632 2.126 2.143
Macedonia, Rep. of 3893 449.373 91.641 3.575 3.596
Malaysia 5314 510.452 65.855 3.643 3.651
Moldova, Rep. of 4033 472.423 73.553 3.258 3.365
Morocco 2943 396.474 69.138 214 2.501
Netherlands 3065 535.765 61.278 3.046 3.077
New Zealand 3801 519.730 73.716 5.010 5.044
Norway 4133 493.863 69.755 2.107 2.170
Palestinian Nat'l Auth. 5357 435.387 92.463 3.215 3.240
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Exhibit 12.15 Summary Statistics and Standard Errors for Science Proficiency -
Eighth Grade (..continued)

Jackknife Overall

Country Sample Size IVI.e'am Star.\da?rd Sampling Standard
Proficiency Deviation Error Error

Philippines 6917 377.373 102.264 5.659 5.803
Romania 4104 469.604 91.090 4.865 4.936
Russian Federation 4667 513.621 75.184 3.561 3.679
Saudi Arabia 4295 397.741 72.491 3.618 3.985
Scotland 3516 511.546 75.689 3.319 3.351
Serbia 4296 467.686 83.688 2.412 2.467
Singapore 6018 577.849 91.817 4.249 4.262
Slovak Republic 4215 516.785 75.587 3.159 3.215
Slovenia 3578 520.498 66.696 1.725 1.786
South Africa 8952 243.664 131.640 6.357 6.683
Sweden 4256 524.258 73.901 2.587 2.688
Tunisia 4931 403.547 60.483 1.914 2.082
United States 8912 527.298 80.681 3.095 3.143
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Exhibit 12.16 Summary Statistics and Standard Errors for Science Proficiency -
Fourth Grade

Jackknife Overall

Country Sample Size IVI.e.an Stan:nd.a_\rd Sampling Standard
Proficiency Deviation Error Error

Armenia 5674 436.528 95.954 4.219 4.299
Australia 4321 520.691 82.093 4.137 4.206
Belgium (Flemish) 4712 518.342 54.858 1.542 1.769
Chinese Taipei 4661 551.355 68.622 1.589 1.727
Cyprus 4328 480.485 74171 2.214 2.379
England 3585 540.240 83.167 3.383 3.608
Hong Kong, SAR 4608 542.483 59.804 2.907 3.059
Hungary 3319 529.727 79.351 2.887 2.979
Iran, Islamic Rep. of 4352 413.923 96.600 4.070 4104
Italy 4282 515.640 84.861 3.749 3.766
Japan 4535 543.469 73.117 1.343 1.509
Latvia 3687 531.521 68.794 2.464 2.489
Lithuania 4422 512.106 66.362 217 2.551
Moldova, Rep. of 3981 496.420 84.966 4.576 4.599
Morocco 4264 304.392 124.834 6.582 6.705
Netherlands 2937 525.125 53.351 1.816 2.001
New Zealand 4308 519.671 85.050 2.375 2.460
Norway 4342 466.346 83.994 2.154 2.619
Philippines 4572 331.620 145.326 9.293 9.433
Russian Federation 3963 526.187 82.019 5.115 5.167
Scotland 3936 501.975 77.719 2.808 2.887
Singapore 6668 565.148 86.786 5.517 5.548
Slovenia 3126 490.365 77.195 2.462 2.530
Tunisia 4334 313.989 125.686 5.583 5.655
United States 9829 535.631 81.247 2.408 2.526

National averages were computed as the average of the weighted
means for each of the five plausible values. The weighted mean for each
plausible value was computed as follows:

N
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where
X
pvy; is the /-th plausible value for the j-th student

,u is the country mean for plausible value /

Wi/ is the weight associated with the j-th student in class 7, described
in Chapter 9

N is the number of students in the country’s sample.

These five weighted means were then averaged to obtain the national
average for each country. To provide a reference point for comparison pur-
poses, TIMSS presented the international average of many of the national
statistics (means and percentages). International averages were calculated by
first computing the national average for each plausible value for each country
and then averaging across countries. These five estimates of the international
average were then themselves averaged to derive the international average
presented in the TIMSS reports, as shown below:

K

pvl k
— k=1

o pvl

>

where

X,,, Is the international mean for plausible value /

X, 41s the k-th country mean for plausible value /

and K is the number of countries.

12.4.1 Comparing Achievement Differences Across Countries

A basic aim of the TIMSS 2003 International Reports is to provide fair and
accurate comparisons of student achievement across the participating coun-
tries. Most of the exhibits in the TIMSS reports summarize student achieve-
ment by means of a statistic such as a mean or percentage, and each statistic
is accompanied by its standard error, which is a measure of the uncertainty
due to student sampling and the imputation process. In comparisons of per-
formance across countries, standard errors can be used to assess the statistical
significance of the difference between the summary statistics.

The exhibits presented in the TIMSS 2003 international reports allow
comparisons of average performance of a country with that of other partici-
pating countries. If repeated samples were taken from two populations with
the same mean and variance and in each one the hypothesis that the means
from the two samples are significantly different at the a= .05 level (i.e. with
95% confidence) was tested, then in about five percent of the comparisons it
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would be expected to find significant differences between the sample means
even though no difference exists in the population. In such a test of the dif-
ference between two means, the probability of finding significant differences
in the samples when none exist in the populations (the so-called type I error)
is given by a=.05. Conversely, the probability of not making such an error is
I - a, which in the case of a single test is .95.

Mean proficiencies are considered significantly different if the absolute
difference between them, divided by the standard error of the difference, is
greater than the critical value. For differences between countries, which can
be considered as independent samples, the standard error of the difference
between means is computed as the square root of the sum of the squared
standard errors of each mean:

_ 2 2
Se; =4/se; +se,

where se; and se, are the standard errors of the means. Exhibits 12.17 and
12.18 show the means and standard errors used in the calculation of statisti-
cal significance for mathematics and science achievement in the eighth and
fourth grades.

In contrast to the practice in previous TIMSS reports, the significance
tests presented in the TIMSS 2003 International Reports have NOT been
adjusted for multiple comparisons among countries. Although adjustments
such as the Bonferroni procedure guard against misinterpreting the outcome
of multiple simultaneous significance tests, and have been used in previ-
ous TIMSS studies, the results vary depending on the number of countries
included in the adjustment, leading to apparently conflicting results from
comparisons using different numbers of countries.

12.4.2 Comparing National Achievement Against the International Mean
Many of the data exhibits in the TIMSS 2003 international reports show
countries” mean achievement compared with the international mean,
together with a test of the statistical significance between the two. These
significance tests were based on the standard errors of the national and
international means.
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Exhibit 12.17 Means and Standard Errors for Country Comparisons of Mathematics and
Science Achievement in the Eighth Grade

Mathematics Science

Country Mean S.E. Mean S.E.

Armenia 478127 2.997 461.267 3.465
Australia 504.703 4.638 527.014 3.800
Bahrain 401.196 1.727 438.255 1.793
Basque Country, Spain 487.061 2.732 488.754 2.678
Belgium (Flemish) 536.710 2.772 515.506 2.487
Botswana 366.345 2.581 364.569 2.840
Bulgaria 476.169 4.315 478.843 5.151
Chile 386.880 3.269 412.851 2.890
Chinese Taipei 585.252 4.607 571.092 3.457
Cyprus 459.366 1.653 441.474 2.049
Egypt 406.168 3.505 421117 3.898
England 498.464 4.674 543.896 4.140
Estonia 530.915 2.997 552.258 2.456
Ghana 275.704 4.657 255.324 5.882
Hong Kong, SAR 586.051 3.324 556.089 3.039
Hungary 529.275 3.221 542.761 2.837
Indiana State, US 508.257 5.215 530.609 4.769
Indonesia 410.702 4.844 420.221 4.055
Iran, Islamic Rep. of 411.447 2.351 453.428 2.329
Israel 495.648 3.422 488.200 3.082
Italy 483.599 3.192 490.891 3.062
Japan 569.921 2.074 552.178 1.739
Jordan 424.352 4.086 474.845 3.848
Korea, Rep. of 589.092 2.191 558.399 1.641
Latvia 508.327 3.174 512.363 2.551
Lebanon 433.045 3.091 393.399 4.315
Lithuania 501.615 2.458 519.380 2.143
Macedonia, Rep. of 434.983 3.542 449.373 3.596
Malaysia 508.336 4.079 510.452 3.651
Moldova, Rep. of 459.895 4.050 472.423 3.365
Morocco 386.539 2.483 396.474 2.501
Netherlands 536.273 3.820 535.765 3.077
New Zealand 494.040 5.275 519.730 5.044
Norway 461.470 2.499 493.863 2.170
Ontario Province, Can. 520.932 3.105 532.920 2.656
Palestinian Nat'l Auth. 390.486 3.104 435.387 3.240
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Exhibit 12.17 Means and Standard Errors for Country Comparisons of Mathematics and
Science Achievement in the Eighth Grade (..continued)

Mathematics Science
Country Mean S.E. Mean S.E.
Philippines 377.690 5.208 377.373 5.803
Quebec Province, Can. 543.075 3.031 531.013 3.044
Romania 475.282 4.822 469.604 4.936
Russian Federation 508.041 3.709 513.621 3.679
Saudi Arabia 331.682 4.574 397.741 3.985
Scotland 497.654 3.7 511.546 3.351
Serbia 476.637 2.595 467.686 2.467
Singapore 605.450 3.583 577.849 4.262
Slovak Republic 507.740 3.308 516.785 3.215
Slovenia 492.956 2.193 520.498 1.786
South Africa 263.614 5.490 243.664 6.683
Sweden 499.058 2.622 524.258 2.688
Tunisia 410.329 2.186 403.547 2.082
United States 504.366 3.309 527.298 3.143
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Exhibit 12.18 Means and Standard Errors for Country Comparisons of Mathematics and
Science Achievement in the Fourth Grade

Mathematics Science

Country Mean S.E. Mean S.E.

Armenia 455.925 3.489 436.528 4.299
Australia 498.663 3.882 520.691 4.206
Belgium (Flemish) 550.601 1.783 518.342 1.769
Chinese Taipei 563.949 1.752 551.355 1.727
Cyprus 509.810 2.424 480.485 2.379
England 531.182 3.736 540.240 3.608
Hong Kong, SAR 574.782 3.161 542.483 3.059
Hungary 528.502 3.130 529.727 2.979
Indiana State, US 532.874 2.806 553.287 3.710
Iran, Islamic Rep. of 389.052 4.153 413.923 4.104
Italy 502.762 3.679 515.640 3.766
Japan 564.556 1.598 543.469 1.509
Latvia 535.855 2.835 531.521 2.489
Lithuania 534.017 2.804 512.106 2.551
Moldova, Rep. of 504.149 4.879 496.420 4.599
Morocco 346.807 5.081 304.392 6.705
Netherlands 540.373 2.109 525.125 2.001
New Zealand 493.464 2151 519.671 2.460
Norway 451.342 2.298 466.346 2.619
Ontario Province, Can. 511.184 3.830 540.205 3.746
Philippines 358.195 7911 331.620 9.433
Quebec Province, Can. 505.848 2.409 500.392 2.484
Russian Federation 531.682 4.746 526.187 5.167
Scotland 490.321 3.252 501.975 2.887
Singapore 594.427 5.597 565.148 5.548
Slovenia 478.795 2.619 490.365 2.530
Tunisia 339.300 4.730 313.989 5.655
United States 518.284 2.436 535.631 2.526

When comparing each country’s mean with the international average,
TIMSS took into account the fact that the country contributed to the inter-
national standard error. To correct for this contribution, TIMSS adjusted the
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standard error of the difference. The sampling component of the standard
error of the difference for country j is

N
\/((N -1)* - l)sef + 2 se;
Ses_dif_j = v k=1

where

S€; 4r ; is the standard error of the difference due to sampling when
country j is compared to the international mean,

N is the number of countries,
2. .

se; is the sampling standard error for country &, and
2. . .

$€; is the sampling standard error for country j.

The imputation component of the standard error for country j was
computed by taking the square root of the imputation variance calculated as
follows

6
Se, g ;= \/gVar d,,....d,,...dy)

where d, is the difference between the international mean and the country
mean for plausible value /.

’

Finally, the standard error of the difference was calculated as

_ 2 2
Seur ;= \/S€t,dz/',_f tse ar -

12.4.3 Reporting Gender Differences Within Countries

TIMSS reported gender differences in overall student achievement in
mathematics and science overall, as well as in mathematics and science
content areas. Gender differences were presented in an exhibit showing
mean achievement for males and females and the differences between
them, with an accompanying graph indicating whether the difference was
statistically significant.

Because in most countries males and females attend the same schools,
the samples of males and females cannot be treated as independent samples for
the purpose of statistical tests. Accordingly, TIMSS used a jackknife procedure
applicable to correlated samples for estimating the standard errors of the male-
female differences. This involved computing the average difference between
boys and girls in each country once for every one of the 75 replicate samples,
and five more times, once for each plausible value, as described above.
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12.4.4 Examining Profiles of Relative Performance by Content Areas

In addition to performance on mathematics and science overall, it was of
interest to see how countries performed in the content areas or domains
within each subject relative to their performance on the subject overall. There
were five content areas in mathematics and five content areas for science
that were used in this analysis.® The relative performance of the countries
in the content areas was examined separately for each subject. TIMSS 2003
computed the average across content area scores for each country, and then
displayed country performance in each content area as the difference between
the content area average and the overall average. Confidence intervals were
estimated for each difference.

In order to do this, TIMSS computed the vector of average proficien-
cies for each of the content areas on the test, and joined each of these column
vectors to form a matrix R, , where a row contains the average proficiency
score for country k on scale s for a specific subject. This R, matrix also had a
“zeroth” row and column. The elements in r, contained the average of the
elements on the k” row of the R,, matrix. These were the country averages
across the content areas. The elements in ry contained the average of the
elements of the stk column of the R,, matrix. These are the content area
averages across all countries. The element 7y, contains the overall average
for the elements in vector r or 4. Based on this information the matrix 7
was constructed in which the elements are computed as

Lis =T TT00 — o5 —Tho

Each of these elements can be considered as the interaction between
the performance of country k on content area s. A value of zero for an element
I,, indicates a level of performance for country k on content area s that would
be expected given its performance on other content areas and its perfor-
mance relative to other countries on that content area. A negative value for
an element i, indicates a performance for country k on content area s lower
than would be expected on the basis of the country’s overall performance.
A positive value for an element I, indicates a performance for country k on
content area s better than expected. This procedure was applied to each of
the five plausible values and the results averaged.

To construct confidence intervals it was necessary first to estimate the
standard error for each content area in each country. These were then combined
with an adjustment for multiple comparisons, based on the number of content
areas.” The imputation portion of the error was obtained from combining the
results from the five calculations, one with each separate plausible value.

8 Science at fourth grade had just three content areas.

9 Note that the adjustment was for multiple comparisons between content areas, and not across countries.
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To compute the JRR portion of the standard error, the vector of
average proficiency was computed for each of the country replicates for each
of the content areas on the test. For each country and each content area 75
replicates were created.!® Each replicate was randomly reassigned to one of
75 sampling zones or replicates. These column vectors were then joined to
form a new set of matrices each called R,ﬁ. where a row contains the average
proficiency for country k on content area s for a specific subject, for the 1"
international set of replicates. Each of these R,fs matrices had also a “zeroth”
row and column. The elements in 7/, contained the average of the elements
on the kth row of the R,f,, matrix. These are the country averages across the
content areas. The elements in 7, contained the average of the elements of
the sth column of the R,fY matrix. These were the content area averages across
all countries. The element 7, contains the overall average for the elements
in vector 7, or ry . Based on this information the set of matrices R,fs were
constructed, in which the elements were computed as

o
L =T T 10 —Tos —Tho

The JRR standard error is then given by the formula

. _ ( _sh )2
]Serks - I Ui Lis

The overall standard error was computed by combining the JRR and
imputation variances. A relative performance was considered significantly
different from the expected if the 95% confidence interval built around it
did not include zero. The confidence interval for each of the i, elements was
computed by adding and subtracting to the i, element its corresponding stan-
dard error multiplied by the critical value for the number of comparisons.

The critical values were determined by adjusting the critical value for
a two-tailed test, at the alpha 0.05 level of significance for multiple compari-
sons. The critical value for mathematics and science with five content scales
was 2.5758. For the three content scales in fourth grade science, the critical
value was 2.3939.

12.4.5 Reporting Student Performance on Individual Items

To portray student achievement as fully as possible, the TIMSS 2003 interna-
tional reports present many examples of the items used in the TIMSS 2003
tests, together with the percentages of students in each country responding
correctly to or earning full credit on the items. The base of these percentages
was the total number of students that were administered the item. For mul-
tiple-choice items, the weighted percentage of students that answered the item
correctly was reported. For constructed-response items with more than one

10 In countries where the were less than 75 jackknife zones, 75 replicates were also created by assigning the overall mean
to the as many replicates as were necessary to have 75.
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score level, it was the weighted percentage of students that achieved full credit
on the item. Omitted and not-reached items were treated as incorrect.

When the percent correct for example items was computed, student
responses were classified in the following way. For multiple-choice items, the
responses to item j were classified as correct (€) when the correct option for
an item was selected, incorrect (W) when the incorrect option or no option
at all was selected, invalid (1)) when two or more choices were made on the
same question, not reached (R)) when it was assumed that the student stopped
working on the test before reaching the question, and not administered (4))
when the question was not included in the student’s booklet or had been mis-
translated or misprinted. For constructed-response items, student responses
to item j were classified as correct (G) when the maximum number of points
was obtained on the question, incorrect (W;) when the wrong answer or an
answer not worth all the points in the question was given, invalid (N;) when
the student’s response was not legible or interpretable, or simply left blank,
not reached (R;) when it was determined that the student stopped working
on the test before reaching the question, and not administered (4)) when the
question was not included in the student’s booklet or had been mistranslated

or misprinted. The percent correct for an item (P;) was computed as

¢

Cj+Wj+lj+l"j+l’lj

J
where ¢;, wj, i, r;and n; are the weighted counts of the correct, wrong, invalid,
not reached, and not interpretable responses to item j, respectively.

As described in Chapters 10 and 11, student responses to items in
block positions 3 and 6 of the student booklets were found to have different
properties to student responses than the same items located in other positions
in the booklets. Although these student responses were included in the IRT
scaling, albeit with different item parameters, they were not included in the
calculation of percent correct on individual example items.

12.5 Examining the TIMSS 2003 Test in the Light of National Curricula

TIMSS 2003 developed international tests of mathematics and science that
reflect, as far as possible, the various curricula of the participating countries.
The subject matter coverage of these tests was reviewed by the TIMSS 2003
Science and Mathematics Item Review Committee, which consisted of math-
ematics and science educators and practitioners from around the world, and
the tests were approved for use by the National Research Coordinators of
the participating countries. Although every effort was made in TIMSS 2003
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to ensure the widest possible subject matter coverage, no test can measure
all that is taught or learned in every participating country. Given that no test
can cover the curriculum in every country completely, the question arises
as to how well the items on the tests match the curricula of each of the par-
ticipating countries. To address this issue, TIMSS 2003 asked each country to
indicate which items on the tests, if any, were inappropriate to its curriculum.
For each country, in turn, TIMSS 2003 took the list of remaining items, and
computed the average percentage correct on these items for that country and
all other countries. This allowed each country to select only those items on
the tests that they would like included, and to compare the performance of
their students on those items with the performance of the students in each
of the other participating countries on that set of items. In addition to com-
paring the performance of all countries on the set of items chosen by each
country, the Test-Curriculum Matching Analysis (TCMA) also shows each
country’s performance on the items chosen by each of the other countries.
In these analyses, each country was able to see not only the performance of
all countries on the items appropriate for its curriculum, but also the per-
formance of its students on items judged appropriate for the curriculum in
other countries. The analytical method of the TCMA is described in Beaton
and Gonzalez (1997).

The TCMA results show that the TIMSS 2003 tests provide a reason-
able basis for comparing achievement across the participating countries. The
analysis shows that omitting items considered by one country to be difficult
for their students tends to improve the results for that country, but also tends
to improve the results for all other countries as well, so that the overall
pattern of relative performance is largely unaffected.
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Chapter 13

Reporting TIMSS 2003
Questionnaire Data

Maria José Ramirez and Alka Arora

13.1 Overview

The purpose of TIMSS is to provide information that policymakers, curricu-
lum specialists, and researchers can use to understand better the performance
of their educational systems. With this aim, TIMSS collects data on hundreds
of contextual variables from nationally representative samples of students,
their science and mathematics teachers, and their schools. Once the data are
collected, one of the major challenges for TIMSS is reporting this vast array
of information in a useful and meaningful way. The challenge is to focus
on the most important educational contexts, inputs, and processes without
overburdening the audiences with unmanageable amounts of information.
TIMSS strives to report educational indicators that are easy to understand and
interpret by policymakers and school personnel.

This chapter documents the analysis and reporting procedures used
for the background questionnaire data in producing the TIMSS 2003 Inter-
national Reports in mathematics and science. It provides an overview of the
consensus process used to develop the report outlines and prototype exhibits;
explains how single- and multiple-item indicators from the student, teacher,
and school data were developed and computed; describes methods used by
TIMSS to compute these indicators; and details the analysis and reporting of
curriculum data. The final section explains how the data are displayed in the
exhibits, and addresses issues regarding the unit of analysis, trend data, and
response rates.
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13.2 General Procedures

As described in Chapter 3, TIMSS 2003 used four types of questionnaires at
both the fourth and eighth grades to gather information at various levels of
the educational system:

e Student Questionnaire (separate versions for general/integrated science
countries and separate science countries at eighth grade)

e Teacher Questionnaire (separate versions for mathematics and science at
eighth grade)

e School Questionnaire

e Curriculum Questionnaire (separate versions for mathematics and science

at both eighth and fourth grades)

The TIMSS & PIRLS International Study Center (ISC) at Boston College pro-
duced data almanacs summarizing the basic data from the student, teacher,
and school questionnaires. For each participating country, these almanacs
presented descriptive statistics for each question (variable) in the survey
instruments. The statistics included the percentages of students checking each
response option for categorical and ordinal data, as well as means, standards
deviations, and percentile scores for continuous data. The almanacs were
distributed periodically to the National Research Coordinators (NRCs) for
review. Each time, a new data version was provided with more cases and
updated cleaning rules and corrections implemented.

The ISC began working on the analysis of background data in May
2003. The main steps involved in this process were as follows. First, the TIMSS
2003 questionnaires were reviewed in the light of the contextual framework
(see Chapter 3) to identify major conceptual categories or constructs that
would enable a better understanding of the participating countries’ educa-
tional systems and a fuller interpretation of their students’ achievement in
mathematics and science. Second, an outline describing the chapters and
exhibits to be included in the TIMSS 2003 International Reports was pre-
pared. Third, questions that could be used to measure the constructs of inter-
est were identified, and extensive exploratory data analysis was conducted to
decide what information to show and how to display it in each of the exhibits
of the International Reports.

At the time the ISC started working on the reporting of data from
the background questionnaires, data from the countries that operated with
the southern hemisphere schedule were available for preliminary analy-
ses.! These countries — Australia, Botswana, Chile, Malaysia, New Zealand,
Singapore, and South Africa — provided data from some 40,000 students
covering the entire spectrum of achievement on the TIMSS 2003 assess-

1 Countries that used the southern hemisphere schedule collected their data during September-November 2002, approxi-
mately six months earlier than countries using the northern hemisphere schedule.
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ment and representing great cultural diversity. The preliminary analyses
used background data from the Student Questionnaire (general version),
Mathematics Teacher Questionnaire, and School Questionnaire from the
TIMSS 2003 eighth-grade population.

As a first step, staff at the ISC reviewed the data thoroughly to ensure
its quality. Descriptive analyses were run for each country separately, as
well as for all the countries together. Statistics showing total number of
cases, response rates, mean scores, standard deviations, and minimum and
maximum scores were computed. For open-ended questions, ranges of valid
responses were defined. When there were questions about the data, the
national versions of the questionnaires were reviewed, and in some cases the
NRC was contacted for further clarifications. As a result of this data review,
the IEA Data Processing Center (DPC) in Hamburg implemented a number
of revisions to the data cleaning rules.

Several preliminary versions of the indicators were developed and
reviewed at the ISC. As explained in the following section, TIMSS 2003 used
three methods for reporting background data: the direct reporting method (for
single-item indicators), the scale method, and the combination of responses
method (for multiple-item indicators). At this exploratory stage, all the analy-
ses were run on unweighted data, using the first plausible value for math-
ematics as a criterion.? All the programming at this stage was done using SPSS
version 11.5 (SPSS Inc., Chicago IL).

Once there was a clearer idea about how to combine the data into
multiple-item indicators, the analyses were extended and adapted to the
TIMSS 2003 fourth-grade population as well as to the science-specific instru-
ments — Student Questionnaire (integrated science), Student Questionnaire
(separate science subjects) and Science Teacher Questionnaire. All the indi-
cators were reviewed for their effectiveness in providing information about
educational contexts in the participating countries. Starting in October 2003,
data from the northern hemisphere countries became available and was
included in the analyses. The suitability of the preliminary indicators was
checked again for these additional countries, and changes in the measures
were made as necessary.

For each exhibit (table or figure) in the International Reports, analysis
notes were created to document how the data were to be analyzed. These
notes identified the source questions used to gather the data, explained how
the data were processed before reporting, and described how the data would
be displayed in the exhibits. The analysis notes also served as directions for
programming the analyses in SAS version 9.0 (SAS Institute Inc., Cary NC),

2 See Chapters 11 and 12 for more information on plausible values.
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the software used by TIMSS in implementing the data analysis. The exhibits in
the International Reports were produced in SAS using all five plausible values
in the TIMSS 2003 dataset, and standard errors were computed using the
jackknife procedure (see Chapter 12). Based on the analysis notes also, the
graphic production staff at the ISC designed and prepared prototype exhibits
to display the background information.

Representatives from the participating countries reviewed the outlines
for the International Reports, the proposed exhibits and indicators, and the
analysis notes at the seventh NRC meeting held in Cape Town, South Africa,
in November 2003. At that time, although data were available for just a few
countries, they were useful in providing a sense of how the complex exhibits
would look. NRCs approved the report outlines and almost all the proposed
indicators; revisions were required in some exhibits based on suggestions for
improvements from NRCs.

In January 2004, the ISC posted to its website revised Chapter 4
(Mathematics/Science Student Background) exhibits for the NRCs to review.
Weighted data from 45 countries at the eighth-grade and 22 countries at the
fourth-grade were available at that time. In March 2004, a revised version
of the exhibits in Chapter 5 (Mathematics/Science Curriculum), Chapter 6
(Teachers of Mathematics/Science), Chapter 7 (Instruction in Mathematics/
Science), and Chapter 8 (Mathematics/Science School Context) were posted
to the ISC website, together with updated analyses notes. NRCs reviewed
their national data and informed the ISC about any problems or anomalies
that required further attention. In the meantime, staff at the ISC continued
checking the data. All analyses were conducted in SAS, and repeated inde-
pendently in SPSS to ensure that the same results were obtained.

The penultimate version of the TIMSS background exhibits was pre-
sented at the eighth NRC meeting held in Santiago, Chile, in June 2004.
Country representatives reviewed their data and approved the exhibits for the
International Reports. In a few cases, changes in the exhibits” format and type
of information displayed were requested. NRCs informed the ISC about any
questionable results that required further examination. After the meeting,
staff at the ISC made final revisions to the exhibits.

Once the final exhibits of the background chapters were available, the
companion text for those chapters was written. The background chapters with
final exhibits and draft text were posted to the ISC website from August 16-
30, 2004. NRCs reviewed the text and shared their comments with the ISC.
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13.3 Methods for Reporting Background Data

This section describes the specific methods used to report TIMSS 2003 ques-
tionnaire data: the direct reporting method (for single-item indicators); scale
method and combination of responses method (for multiple-item indicators).

13.3.1 Direct Reporting Method

Direct reporting was the simplest method used by TIMSS to report background
data. The direct reporting method simply used the response categories in the
questionnaires as reporting categories in the exhibits in the International
Reports. In some cases, slight modifications were introduced: some response
categories were collapsed, or were presented in a different order. Although
the direct reporting method had the advantage of simplicity, it would have
been impossible to report the vast amount of information collected by TIMSS
in this way. Some data reduction was required, necessitating the use of more
sophisticated approaches, as described below.

13.3.2 Methods for Computing Multiple-Item Indicators

Around one-fourth of the exhibits in the TIMSS 2003 International Reports
were multiple-item indicators (derived variables) that combined data from
several questions in the TIMSS 2003 questionnaires. Multiple-item indicators
were used with complex constructs, such as the teacher’s emphasis on math-
ematics homework, or school climate. Because the source items making up
a multiple-item indicator target different facets of the construct, these mea-
sures can provide a more global and thorough picture of the phenomenon
being studied than can single variables. Multiple-item indicators also have the
advantage of providing more reliable measures of the construct, since random
errors tend to cancel out when data are combined from different sources (see
DeVellis, 1991; Spector, 1992).

Multiple-item indicators maximize the information that can be pre-
served in the presence of missing data. TIMSS required that at least two-thirds
of the component questions have valid responses before computing an index.
For instance, if an index was based on five questions, this rule allowed for
one missing response only.

The starting point for creating a multiple-item indicator was to iden-
tify the questions in the TIMSS 2003 questionnaires that were related to the
construct of interest. In some cases, these source questions were all sub-items
of a more general question, and all had the same format. In other cases, the
source questions came from different parts of the questionnaires, and did not
share the same format. Depending upon the construct of interest and the item
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formats, TIMSS used two different methods to create derived variables: the
scale method and the combination of responses method.

13.3.2.1 Scale Method

The “scale method” was used when the construct of interest had an under-
lying quantitative continuum. For example, schools can have a better or a
worse climate for learning, or students can have higher or lower self-confi-
dence in learning science. The scale method also required that all the ques-
tions (items) have the same number of response categories. These conditions
allowed data to be combined from several items into one underlying scale
while retaining the original metric of the items.

Before combining data from different questions, TIMSS gathered
evidence that the source questions had the expected relationship with the
achievement scores. For instance, it was expected that students who agreed
with a statement such as “T usually do well in mathematics” would have
higher mathematics scores than students who disagreed with the state-
ment. Descriptive statistics, analysis of variance (ANOVA), and eta-squared
(n?) were useful in assessing whether the expected relationships held true
(see Hinkle, Wiersma & Jurs, 1998, pp. 565-569; Pedhazur, 1997, pp. 355,
505-507).

Questions addressing a construct were expected to be correlated in the
data. Chi-square ( ?) and Spearman’s rank order correlation coefficient were
used to measure the association between pairs of categorical or ordinal items.
Principal component analysis (PCA) was used to identify questions related to
a common construct. Building on these analyses, new variables (components)
were created that accounted for most of the variance in the source items.

Once there was enough evidence that a set of questions or items was
measuring the construct of interest, TIMSS examined the reliability of a scale
made up from these items. Cronbach’s alpha (o) was used to measure the
internal consistency of these scales; item-total correlations (or point-biserial
correlations) were used to identify questions that did not cluster together
with the others.

Using the scale method, TIMSS computed index scores by averaging
the numerical values associated with each response option. This procedure
had the advantage of preserving the original scale categories, thus allowing
for a straightforward interpretation of the index scores. The TIMSS 2003
questionnaires made extensive use of the 4-point Likert scale format, with
“strongly agree” coded 4, “agree” coded 3, “disagree” coded 2, and “strongly
disagree” coded 1. Before averaging the scores associated with the responses,
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responses were recoded as necessary, with items coded so that high scores
were associated with the response category indicating higher levels of the
attribute being measured.

Whenever the scale method was used to create an index, TIMSS clas-
sified the students into three levels: high, medium, and low. In the Interna-
tional Reports, these derived variables are referred to as indices. To classity
the cases into three groups, two cutoff points were established. Three main
criteria were used in setting the cutoff points. First, the high level of the index
should correspond to conditions or activities generally associated with good
educational practice or high academic achievement. Second, there should be
a reasonably even distribution of students across the three index levels. Third,
the scale categories should be about the same size.

Once the cutoff points were defined, a critical step was to check the
overall quality of the indices. Indices were intended to discriminate among
students with high and low achievement. The extent of the association with
achievement was measured using eta-squared (n°). This was computed for
each country separately and for all the countries together. Only indices that
discriminated reasonably well in most of the participating countries were
included in the International Reports.

Line graphs plotting mean achievement by index level also were
useful in checking the hypothesized positive association between index levels
and achievement scores. The slope of the line joining the means served as an
indicator of how well the index discriminated among students with differ-
ent achievement levels. The steeper the line the greater were the differences
between the average achievement scores of one index level and the next.

13.3.2.2 Combination of Responses Method

TIMSS also made extensive use of the “combination of responses method” to
construct indices. Cases were classified into the high, medium, or low level
of an index depending upon the combination of responses provided to the
source items. For example, in the index of Good School and Class Attendance,
cases were classified into the high index level if the three source items (arriv-
ing late at school, absenteeism, and skipping classes) were reported to be not
a problem. Cases went to the low index level when two or more behaviors
were reported to be a serious problem or two behaviors were reported to be a
minor problem and the third a serious problem. The medium level included all
other combinations of responses.

In addition to constructing indices, the combination of responses
method also was used to construct some specific derived variables. An
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example is students’ Use of Computer. Students were asked if they use a com-
puter “at home,” “at school,” “at a library,” “at a friend’s house,” “at an Inter-
net cafe,” or “elsewhere.” The reporting categories for this derived variable
were “use computer both home and at school,” “use computer at home but
not at school,” “use computer at school but not at home,” “use computer only
at places other than home and school,” and “do not use computer at all.”

a ” u ” u

i

13.3.2.3 Summary of Derived Variables in the TIMSS 2003 International Reports
The TIMSS 2003 International Reports in mathematics and science each
present some 60 exhibits with background information, providing data on
some 250 indicators. The mathematics report presents data on 17 derived
variables and the science report on 16; each report includes 11 indices. Exhib-
its 13.1 and 13.2 list the indices computed for the TIMSS 2003 International
Reports in mathematics and science, respectively. Exhibit 13.3 lists the other
derived variables presented in the mathematics and science reports. The name
of the indicators, the label used to identify them in the International Reports
and database, the mathematics or science exhibit where the data are reported,
and the analysis method used to compute the data are provided.

13.4 Analysis of Curriculum Data

The Mathematics and Science Curriculum Questionnaires were used to collect

information about the intended curriculum in each participating country.

The NRC for each country, with the help of curriculum specialists, completed

curriculum questionnaires for the grade assessed (fourth grade and/or eighth

grade). Chapter 5 in the TIMSS 2003 International Reports combined data

from the Curriculum Questionnaires and the Teacher Questionnaire to inform

about both the intended and implemented Mathematics and Science curricula

in the participating countries. The following information was presented:

¢ Existence of a national curriculum, the year it was introduced, and whether
it was under revision

e Methods used to support and monitor curriculum implementation

e Use of public examinations and grades tested

¢ Instructional time intended for mathematics and science

e Differentiation of curriculum for students with different levels of ability

e Emphasis on different approaches and processes in the intended curriculum
(e.g., knowing facts, understanding concepts)

e Coverage of the TIMSS 2003 topics in the intended and implemented
curriculum
e Science subjects offered through the eighth grade (science only)
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Exhibit 13.1 Summary Indices in the TIMSS 2003 International Mathematics Report

Index
Exhibit 4.7

Index of Time Students
Spend Doing Mathematics
Homework (TMH)

Exhibit 4.9

Index of Students’ Self-
Confidence in Learning
Mathematics (SCM)

Exhibit 4.10

Index of Students’ Valuing
Mathematics (SVM)

(Grade 8 only)

Exhibit 7.2

Index of Teachers' Reports
on Teaching Mathematics
Classes with Few or No
Limitations on Instruction
due to Student Factors
(MCFL)

(Grade 8 only)
Exhibit 7.13

Index of Teachers' Emphasis
on Mathematics Homework
(EMH)

Exhibit 8.3

Index of Availability of
School Resources for
Mathematics Instruction
(ASRMI)

Analysis Method

Index based on students’ reports on the frequency and amount of mathematics
homework they are given. High level indicates more than 30 minutes of mathematics
homework assigned 3-4 times a week. Low level indicates no more than 30 minutes
of mathematics homework no more than twice a week. Medium level includes all
other possible combinations of responses.

Index based on students’ responses to four statements about mathematics: 1) I usu-
ally do well in mathematics; 2) Mathematics is more difficult for me than for many
of my classmates (Reversed); 3) Mathematics is not one of my strengths (Reversed);
4) | learn things quickly in mathematics. Average is computed across the four items
based on a 4-point scale: 1. Agree a lot; 2. Agree a little; 3. Disagree a little; 4.
Disagree a lot. Students agreeing a little or a lot on average across the four state-
ments are assigned to the high level. Students disagreeing a little or a lot on average
are assigned to the low level. All other students are assigned to the middle level.

Index based on students’ responses to seven statements about mathematics: 1) |
would like to take more mathematics in school; 2) | enjoy learning mathematics; 3)
| think learning mathematics will help me in my daily life; 4) | need mathematics
to learn other school subjects; 5) | need to do well in mathematics to get into the
university of my choice; 6) | would like a job that involved using mathematics; 7) |
need to do well in mathematics to get the job | want. Average is computed across
the seven items based on a 4-point scale: 1. Agree a lot; 2. Agree a little; 3. Disagree
a little; 4. Disagree a lot. Students agreeing a little or a lot on average across the
seven statements are assigned to the high level. Students disagreeing a little or a
lot on average are assigned to the low level. All other students are assigned to the
middle level.

Index based on teachers’ responses to six statements about student factors limiting
mathematics instruction: 1) Students with different academic abilities; 2) Students
who come from a wide range of backgrounds; 3) Students with special needs; 4)
Uninterested students; 5) Low morale among students; 6) Disruptive students.
Average is computed across the six statements based on a 4-point scale: 1. Not at
all/Not applicable; 2. A little; 3. Some; 4. A lot. High level indicates average is less
than or equal to 2. Medium level indicates average is greater than 2 and less than 3.
Low level indicates average is greater than or equal to 3.

Index based on teachers’ responses to two questions about how often they usually
assign mathematics homework and how many minutes of mathematics homework
they usually assign. High level indicates the assignment of more than 30 minutes of
homework about half of the lessons or more. Low level indicates no assignment or
the assignment of less than 30 minutes of homework about half of the lessons or
less. Medium level includes all other possible combinations of responses.

Index based on principals’ average response to five questions about shortages that
affect general capacity to provide instruction: instructional materials (e.g., text-
book); budget for supplies (e.g., paper, pencils); school buildings and grounds; heat-
ing/cooling and lighting systems; and instructional space (e.g., classrooms); and the
average response to five questions about shortages that affect mathematics instruc-
tion: computers for mathematics instruction; computer software for mathematics
instruction; calculators for mathematics instruction; library materials relevant to
mathematics instruction; and audio-visual resources for mathematics instruction.
Average is computed based on a 4-point scale: 1. None; 2. A little; 3. Some; 4. A lot.
High level indicates that both shortages are on average lower than 2. Low level indi-
cates that both shortages are on average greater than or equal to 3. Medium level
includes all other possible combinations of responses.
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Exhibit 13.1  Summary Indices in the TIMSS 2003 International Mathematics Report
(...Continued)

Index Analysis Method

Exhibit 8.4 Index based on principals’ responses to eight questions about their schools: teachers’

Index of Principals’ job satisfaction; te.ac.hers' unde.rstanding of the schgol's curricular goals; teachers'

Perception of School Climate degree of success in implementing the school’s currlcul_um; teachers’ expegtatlons for

(PPSC) student achievement; parental support for student achievement; parental involve-
ment in school activities; students’ regard for school property; and students’ desire
to do well in school. Average is computed based on a 5-point scale: 1. Very high; 2.
High; 3. Medium; 4. Low; 5. Very low. High level indicates average is less than or
equal to 2. Medium level indicates that average is greater than 2 and less or equal to
3. Low level indicates average is greater than 3.

Exhibit 8.5 Index based on teachers’ responses to eight questions about their schools: teachers’
job satisfaction; teachers’ understanding of the school’s curricular goals; teachers’
degree of success in implementing the school’s curriculum; teachers' expectations for
student achievement; parental support for student achievement; parental involve-
ment in school activities; students’ regard for school property; and students’ desire
to do well in school. Average is computed based on a 5-point scale: 1. Very high; 2.
High; 3. Medium; 4. Low; 5. Very low. High level indicates average is less than or
equal to 2. Medium level indicates that average is greater than 2 and less or equal to
3. Low level indicates average is greater than 3.

Index of Mathematics
Teachers' Perception of
School Climate (TPSC)

Exhibit 8.6 Index based on principals’ responses to three questions about the seriousness of
attendance problems in the school: arriving late at school; absenteeism (i.e., unjusti-
fied absences); and skipping class. High level indicates that all three behaviors either
never occur or are reported not to be a problem. Low level indicates that two or
more behaviors are reported to be a serious problem, or two behaviors are reported
to be minor problems and the third a serious problem. Medium level includes all
other possible combinations of responses.

Index of Good School and
Class Attendance (GSCA)

Exhibit 8.7 Index based on teachers’ responses to three statements about their schools: this
school is located in a safe neighborhood; | feel safe at this school; this school’s secu-
rity policies and practices are sufficient. High level indicates that the teacher agrees
a lot or agrees to all three statements. Low level indicates that teacher disagrees or
disagrees a lot to all three statements. Medium level includes all other combinations
of responses.

Index of Mathematics
Teachers' Perception of
Safety in the Schools (TPSS)

Exhibit 8.8 Index based on students’ responses to five statements about things that happened

Index of Students’ in their schools in the last month (1 = yes, 2 = no): something of mine was stolen; |

Perception of Being Safe in was hit or hurF by other student(s) (e.g., shoving, hitting, kicking); | was made to do

the Schools (SPBSS) things that | didn’t want to do by other students; | was made fun of or called names;
| was left out of activities by other students. High level indicates that the student
answered NO to all five statements. Low level indicates that the student answered
YES to three or more statements. Medium level includes all other possible combina-
tions of responses.

Note: Detailed information about the computation of indices can be found in the TIMSS 2003 User Guide.
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Exhibit 13.2 Summary Indices in the TIMSS 2003 International Science Report

Index

Exhibit 4.7

Index of Time Students
Spend Doing Science
Homework (TSH)
Exhibit 4.9

Index of Students’ Self-
Confidence in Learning
Science (SCS)

Exhibit 4.10

Index of Students’ Valuing
Sciences (SVS)

(Grade 8 only)

Exhibit 7.2

Index of Teachers' Reports
on Teaching Science Classes
with Few or No Limitations
on Instruction due to
Student Factors (SCFL)

(Grade 8 only)
Exhibit 7.10

Index of Teachers' Emphasis
on Science Homework (ESH)

Exhibit 8.3

Index of Availability of
School Resources for Science
Instruction (ASRSI)

Analysis Method

Index based on students’ reports on the frequency and amount of science homework
they are given. High level indicates more than 30 minutes of science homework
assigned 3-4 times a week. Low level indicates no more than 30 minutes of science
homework no more than twice a week. Medium level includes all other possible com-
binations of responses.

Index based on students’ responses to four statements about science: 1) | usually do
well in science; 2) Science is more difficult for me than for many of my classmates
(Reversed); 3) Science is not one of my strengths (Reversed); 4) | learn things quickly
in science. Average is computed across the four items based on a 4-point scale: 1.
Agree a lot; 2. Agree a little; 3. Disagree a little; 4. Disagree a lot. Students agreeing
a little or a lot on average across the four statements are assigned to the high level.
Students disagreeing a little or a lot on average are assigned to the low level. All
other students are assigned to the middle level.

Index based on students’ responses to seven statements about science: 1) | would
like to take more science in school; 2) | enjoy learning science; 3) | think learning sci-
ence will help me in my daily life; 4) | need science to learn other school subjects; 5)
| need to do well in science to get into the university of my choice; 6) | would like a
job that involved using science; 7) | need to do well in science to get the job | want.
Average is computed across the seven items based on a 4-point scale: 1. Agree a lot;
2. Agree a little; 3. Disagree a little; 4. Disagree a lot. Students agreeing a little or a
lot on average across the seven statements are assigned to the high level. Students
disagreeing a little or a lot on average are assigned to the low level. All other stu-
dents are assigned to the middle level.

Index based on teachers’ responses to six statements about student factors limit-
ing science instruction: 1) Students with different academic abilities; 2) Students
who come from a wide range of backgrounds; 3) Students with special needs; 4)
Uninterested students; 5) Low morale among students; 6) Disruptive students.
Average is computed across the six statements based on a 4-point scale: 1. Not at
all/Not applicable; 2. A little; 3. Some; 4. A lot. High level indicates average is less
than or equal to 2. Medium level indicates average is greater than 2 and less than 3.
Low level indicates average is greater than or equal to 3.

Index based on teachers’ responses to two questions about how often they usually
assign science homework and how many minutes of science homework they usually
assign. High level indicates the assignment of more than 30 minutes of homework
about half of the lessons or more. Low level indicates no assignment or the assign-
ment of less than 30 minutes of homework about half of the lessons or less. Medium
level includes all other possible combinations of responses.

Index based on principals’ average response to five questions about shortages

that affect general capacity to provide instruction: instructional materials (e.g.,
textbook); budget for supplies (e.g., paper, pencils); school buildings and grounds;
heating/cooling and lighting systems; and instructional space (e.g., classrooms); and
the average response to six questions about shortages that affect science instruc-
tion: science laboratory equipment and materials; computers for science instruction;
computer software for science instruction; calculators for science instruction; library
materials relevant to science instruction; and audio-visual resources for science
instruction. Average is computed based on a 4-point scale: 1. None; 2. A little; 3.
Some; 4. A lot. High level indicates that both shortages are on average lower than
2. Low level indicates that both shortages are on average greater than or equal to 3.
Medium level includes all other possible combinations of responses.
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Exhibit 13.2 Summary Indices in the TIMSS 2003 International Science Report
(...Continued)

Index
Exhibit 8.4

Index of Principals’
Perception of School Climate
(PPSC)

Exhibit 8.5

Index of Science Teachers’
Perception of School Climate
(TPSC)

Exhibit 8.6

Index of Good School and
Class Attendance (GSCA)

Exhibit 8.7

Index of Science Teachers’
Perception of Safety in the
Schools (TPSS)

Exhibit 8.8

Index of Students'
Perception of Being Safe in
the Schools (SPBSS)

Analysis Method

Index based on principals’ responses to eight questions about their schools: teachers’
job satisfaction; teachers’ understanding of the school’s curricular goals; teachers’
degree of success in implementing the school’s curriculum; teachers’ expectations for
student achievement; parental support for student achievement; parental involve-
ment in school activities; students’ regard for school property; and students’ desire
to do well in school. Average is computed based on a 5-point scale: 1. Very high; 2.
High; 3. Medium; 4. Low; 5. Very low. High level indicates average is less than or
equal to 2. Medium level indicates that average is greater than 2 and less or equal to
3. Low level indicates average is greater than 3.

Index based on teachers’ responses to eight questions about their schools: teachers’
job satisfaction; teachers’ understanding of the school’s curricular goals; teachers’
degree of success in implementing the school’s curriculum; teachers’ expectations for
student achievement; parental support for student achievement; parental involve-
ment in school activities; students’ regard for school property; and students’ desire
to do well in school. Average is computed based on a 5-point scale: 1. Very high; 2.
High; 3. Medium; 4. Low; 5. Very low. High level indicates average is less than or
equal to 2. Medium level indicates that average is greater than 2 and less or equal to
3. Low level indicates average is greater than 3.

Index based on principals’ responses to three questions about the seriousness of
attendance problems in the school: arriving late at school; absenteeism (i.e., unjusti-
fied absences); and skipping class. High level indicates that all three behaviors either
never occur or are reported not to be a problem. Low level indicates that two or
more behaviors are reported to be a serious problem, or two behaviors are reported
to be minor problems and the third a serious problem. Medium level includes all
other possible combinations of responses.

Index based on teachers’ responses to three statements about their schools: this
school is located in a safe neighborhood; | feel safe at this school; this school’s secu-
rity policies and practices are sufficient. High level indicates that the teacher agrees
a lot or agrees to all three statements. Low level indicates that teacher disagrees or
disagrees a lot to all three statements. Medium level includes all other combinations
of responses.

Index based on students’ responses to five statements about things that happened
in their schools in the last month (1 = yes, 2 = no): something of mine was stolen; |
was hit or hurt by other student(s) (e.g., shoving, hitting, kicking); | was made to do
things that | didn’t want to do by other students; | was made fun of or called names;
| was left out of activities by other students. High level indicates that the student
answered NO to all five statements. Low level indicates that the student answered
YES to three or more statements. Medium level includes all other possible combina-
tions of responses.

Note: Detailed information about the computation of indices can be found in the TIMSS 2003 User Guide
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Exhibit 13.3 Summary of Derived Variables Other than Indices in the
TIMSS 2003 International Mathematics and Science Reports

Derived Variable
Exhibit 4.1

Highest Level of Education
of Either Parent

(Grade 8 only)

Exhibit 4.2

Students’ Educational
Aspirations Relative to
Parents’ Educational Level

(Grade 8 only)

Exhibit 4.6

Use of Computer

Exhibit 6.5

Preparation to Teach
Mathematics

(Grade 4 only)*

Exhibit 6.5
Preparation to Teach Science
(Grade 4 only)*

Analysis Method

Derived variable based on students’ responses to the highest level of education of
mother and father. Cases classified in four categories:

1. Finished University or Equivalent or Higher

2. Finished Post-secondary Vocational/Technical Education but Not University
3. Finished Upper Secondary Schooling

4. Finished Lower Secondary Schooling

5. No More Than Primary Schooling

Derived variable based on students’ responses to the highest level of education of
mother and father, and students’ expectations for further education. Cases were
classified in four categories:

1. Finish University and Either Parent Went to University or Equivalent
2. Finish University but Neither Parent Went to University Equivalent
3. Not Finish University Regardless of Parents’ Education

4. Do Not Know Regardless of Parents’ Education

Derived variable based on students’ responses to where do they use a computer.
Cases were classified in five categories:

1. Use Computer Both at Home and at School

2. Use Computer at Home but Not at School

3. Use Computer at School but Not at Home

4. Use Computer only at places other than home and school

5. Do Not Use Computer at All

Derived variable based on teachers’ responses to main area of study during post-
secondary education, and main area in specialization. Cases were classified in five
categories:

1. Primary/Elementary Education with a Major or Specialization in Mathematics

2. Primary/Elementary Education with a Major or Specialization in Science but Not
in Mathematics

3. Mathematics or Science Major or Specialization without a Major in Primary/
Elementary Education

4. Primary/Elementary Education without a Major or Specialization in Mathematics
or Science

5. Other

Derived variable based on teachers’ responses to main area of study during post-
secondary education, and main area in specialization. Cases were classified in five
categories:

1. Primary/Elementary Education with a Major or Specialization in Mathematics

2. Primary/Elementary Education with a Major or Specialization in Science but Not
in Mathematics

3. Mathematics or Science Major or Specialization without a Major in Primary/
Elementary Education

4. Primary/Elementary Education without a Major or Specialization in Mathematics
or Science

5. Other

Note: Detailed information about the computation of indices can be found in the TIMSS 2003 User Guide
* At grade 8, “Preparation to teach” was reported using the direct reporting method.
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In general, information from the curriculum questionnaires was
directly reported in the exhibits. The information extracted from these ques-
tionnaires is mostly textual and qualitative in nature. In the case of quanti-
tative information, descriptive statistics were provided. NRCs reviewed and
approved the display of the curriculum information at the seventh NRC
meeting. At that time, exhibits with data were available only for the math-
ematics curriculum at the eighth grade. After that meeting, ISC staff imple-
mented the suggested changes to the curriculum exhibits, and completed
them for both grades and subjects. Given the qualitative nature of the cur-
riculum data, extensive follow-up and data cleaning were required. From
January to June 2004, ISC staff carefully reviewed the curriculum data and
asked NRCs to provide missing data, correct inconsistent data, and clarify
questionable data. The final version of the curriculum exhibits was presented
and approved at the eighth NRC meeting, when any lingering questions about
the curriculum data were resolved.

13.5 Display of Background Data

TIMSS 2003 results were reported separately by subject area, with the math-
ematics and science results appearing in separate reports. Final exhibits with
background data were organized into chapters 4 through 8 in the Interna-
tional Reports (the first three chapters reported achievement data). Chapter
4 reported data on students’ characteristics, Chapter 5 on the curriculum,
Chapter 6 on teachers’ characteristics, Chapter 7 on instructional practices,
and Chapter 8 on the schools.

It is important to note that in the data reported in the exhibits the
student was always the unit of analysis, even when information from the
teacher or school questionnaire was reported. In general, the exhibits pre-
sented the percentage of students having certain characteristics, or the per-
centage of students whose teachers or schools have various characteristics.
For example, the International Reports give the percentage of students taught
by teachers having a teaching certificate. This approach is consistent with the
main goal of TIMSS, which is to inform about students” educational contexts
and performance. The percentages in the exhibits were often accompanied
by the students’ mean achievement (mathematics or science). Information
for each country was presented in individual rows, with the international
average for all the participating countries (mean of countries’ means) dis-
played separately. In general, where only one variable with several categories
was reported in an exhibit, countries were displayed in rank order based on
one of the categories, and where more than one variable was reported, coun-
tries were displayed in alphabetical order.
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Whenever possible and relevant, the International Reports included
trend data from 1995 (fourth and eighth grades) and 1999 (eighth grade
only). Significant differences between the percentages of students having a
given trait in each cycle were indicated. In other exhibits, data were displayed
separately for boys and girls, and significant differences were also indicated.

In the science report, eighth grade background information was
reported separately for the integrated science countries and for the separate
science countries. The integrated science countries were reported in a “General/
Integrated Science” panel. The separate science countries were reported in four
different panels: Biology, Earth Science, Chemistry, and Physics.

The exhibits in the International Reports contained special notations
regarding response rates for the background variables. Although in general
there were high response rates, some indicators and some countries had less
than acceptable response rates. Since the student was the unit of analysis, the
notation used in the International Reports always reflected the percentage
of students for whom the responses from students, teachers, or schools were
available. The following special notations were used to convey information
about response rates in the exhibits in the International Reports:

e For a country where student, teacher, or school responses were available
for 70 to 85 percent of the students, an “r” appeared next to the data for
that country.

¢ Where student, teacher, or school responses were available for 50 to 69
percent of the students, an “s” appeared next to the data for that country.

e Where student, teacher, or school responses were available for less than
50 percent of the students, “x” replaced the data.

e Where the percentage of students in a particular category was less than
two percent, achievement data were not reported in that category; the data
were replaced by a tilde (~).

e Where data were not comparable for all respondents in a country, a dash

(=) was used in place of data in all of the affected columns.>

3 A dash usually indicates that a background question was not administered in a country, but could also be due to trans-
lation problems or to the administration of a question that was determined to be not internationally comparable. In the
exhibits based on the separate science subjects, the inclusion of dashes for specific countries is by design and reflects
the specific science subjects not included in each country.
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Appendix B

Characteristics of National Samples

Introduction

For each country participating in TIMSS 2003, this appendix describes the
target population definition (where necessary), the extent of coverage and
exclusions, the use of stratification variables, and any deviations from the
general TIMSS sample design.

B.1 Armenia

FOURTH GRADE

Coverage and Exclusions

e Coverage is 100%
e School-level exclusions consisted of special education schools and very
small schools (less than six eligible students)

Sample Design
e No explicit stratification

e Implicit stratification by region, for a total of 11 implicit strata

e Same schools sampled in Fourth Grade and Eighth Grade
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Exhibit B.1.1 Allocation of School Sample in Armenia - Fourth Grade

Participating Schools Non-
- Total Sampled Ineligible s
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Armenia 150 0 148 0 0 2
Total 150 0 148 0 0 2

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%
e School-level exclusions consisted of special education schools and very
small schools (less than six eligible students)

Sample Design

e No explicit stratification

e Implicit stratification by region, for a total of 11 implicit strata
e Same schools sampled in Fourth Grade and Eighth Grade

Exhibit B.1.2 Allocation of School Sample in Armenia - Eighth Grade

Participating Schools Non-
.. Total Sampled Ineligible s
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Armenia 150 0 149 0 0 1
Total 150 0 149 0 0 1

B.2 Australia

FOURTH GRADE

Coverage and Exclusions

e Coverage is 100%

e School-level exclusions consisted of special education schools, hospital
schools, schools with radically different curricula, remote schools in
the Northern Territory, and very small schools (less than five eligible
students)
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Sample Design
e Explicit stratification by States and Territories, for a total of eight explicit
strata

e Implicit stratification by school type (Government, Catholic,
Independent), for a total of 24 implicit strata

Exhibit B.2.1 Allocation of School Sample in Australia — Fourth Grade

. Participating Schools Non-
.. Total Sampled Ineligible e
Explicit Stratum Participating
Schools Schools 1st 2nd
sampled Schools
Replacement Replacement
New South Wales 40 0 29 2 4 5
Victoria 35 0 26 6 0 3
Queensland 35 2 29 1 1 2
South Australia 30 0 25 1 1 3
Western Australia 30 1 20 6 1 2
Tasmania 30 0 25 0 0 5
Northern Territory 15 0 n 2 0 2
AusFraIlan Capital 15 0 13 1 0 1
Territory
Total 230 3 178 19 7 23

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%

e School-level exclusions consisted of special education schools, hospital
schools, schools with radically different curricula, remote schools in
the Northern Territory, and very small schools (less than five eligible
students)

Sample Design
e Explicit stratification by States and Territories, for a total of eight explicit
strata

e Implicit stratification by school type (Government, Catholic,
Independent), for a total of 24 implicit strata

¢ Schools were sampled with equal probabilities in the “Tasmania”,
“Northern Territory”, and “Australian Capital Territory” strata
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Exhibit B.2.2 Allocation of School Sample in Australia — Eighth Grade

Exhibit B.3.1

Explicit Stratum

New South Wales
Victoria
Queensland
South Australia
Western Australia
Tasmania
Northern Territory

Australian Capital
Territory

Total

Total Sampled

Schools

40
35
35
30
30
30
15

15

230

B.3 Bahrain

EIGHTH GRADE

Coverage and Exclusions

Ineligible

Schools

e Coverage is 100%
e There were no reported school-level exclusions

Sample Design
e No explicit stratification

Sampled

27
31
29
25
23
25
13

13

186

Participating Schools

1st
Replacement

4

NN

14

2nd

Replacement

1
1

3
0

Non-
Participating
Schools

o W w w

19

e Implicit stratification by school type (girl schools, boy schools, private
schools), for a total of three implicit strata

e All schools in the sample

Allocation of School Sample in Bahrain - Eighth Grade

Explicit Stratum

Bahrain

Total

Total Sampled
Schools

67
67

Ineligible
Schools

Sampled

67
67

Participating Schools
1st
Replacement
0
0

2nd

Replacement

0
0

Non-
Participating
Schools
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B.4 Basque Country, Spain

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%
e School-level exclusions consisted of other language schools and very
small schools (less than ten eligible students)

Sample Design

e Explicit stratification by school type (public, private) and language
(Basque, Castilian, mixed), for a total of six explicit strata

e No implicit stratification
¢ Small schools were sampled with probabilities proportional to size
e Four schools were sampled with certainty in the “Public — Type A

(Castilian)” stratum

Exhibit B.4.1 Allocation of School Sample in Basque Country, Spain — Eighth Grade

. Participating Schools Non-

. Total Sampled Ineligible s

Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement

Private — Type A
(Castilian) 20 0 20 0 0 0
Private — Type B
(Mixed) 20 0 20 0 0 0
Private — Type D 20 0 20 0 0 0
(Basque)
Public — Type A
(Castilian) 20 0 19 ! 0 0
Public — Type B
(Mixed) 20 0 20 0 0 0
Public — Type D 20 0 20 0 0 0
(Basque)
Total 120 0 119 1 0 0
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B.5 Belgium (Flemish)

FOURTH GRADE

Coverage and Exclusions

e Coverage is 100%
e School-level exclusions consisted of special education schools and very
small schools (less than five eligible students)

Sample Design
e No explicit stratification

e Implicit stratification by school type (catholic, communal, state), for a
total of three implicit strata

Exhibit B.5.1 Allocation of School Sample in Belgium (Flemish) - Fourth Grade

Explicit Stratum

Belgium (Flemish)
Total

Participating Schools -
Total Sampled Ineligible pating !\l(_)n .
Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
150 0 133 12 4 1
150 0 133 12 4 1

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%
e School-level exclusions consisted of special education schools and very
small schools (less than five eligible students)

Sample Design
e Explicit stratification by school program (academic, professional) and

school size (very large, large) in the “Academic” stratum, for a total of
three explicit strata

e Implicit stratification by school type (catholic, communal, state), for a
total of seven implicit strata

e Schools sampled with equal probabilities in the “Academic — Very Large
Schools” stratum
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Exhibit B.5.2 Allocation of School Sample in Belgium (Flemish) - Eighth Grade

. Participating Schools Non-

. Total Sampled Ineligible L

Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement

Academic — Large 14 0 96 13 4 1
Schools
Professional 30 0 21 6 2 1
Total 150 0 122 20 6 2

B.6 Botswana

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%
e School-level exclusions consisted of special education schools

Sample Design

e Explicit stratification by school type (government, private), for a total of
two explicit strata

e Implicit stratification by region (five regions) and urbanization (rural,
semi-urban, urban), for a total of 21 implicit strata

¢ Schools sampled with equal probabilitie

Exhibit B.6.1 Allocation of School Sample in Botswana - Eighth Grade

. Participating Schools Non-
.. Total Sampled Ineligible L
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Government 145 0 142 0 0 3
Private 5 0 4 0 0 1
Other 2 2 0 0 0
Total 152 2 146 0 0 4
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B.7 Bulgaria

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%
e School-level exclusions consisted of very small schools (less than five
eligible students)

Sample Design

e Explicit stratification by school size (very large, large), for a total of two
explicit strata

e Implicit stratification within large schools by entrance examination
(with, without), for a total of three implicit strata

e The one “Very Large School” was in fact a cluster of smaller schools. One
of them was sampled with PPS

Exhibit B.7.1 Allocation of School Sample in Bulgaria - Eighth Grade

. Participating Schools Non-
.. Total Sampled Ineligible S
Explicit Stratum Participating
Schools Schools 15t nd
Sampled Schools
Replacement Replacement
Very Large Schools 1 0 1 0 0 0
Large Schools 169 1 162 1 0 5
Total 170 1 163 1 0 5
B.8 Chile

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%
¢ School-level exclusions consisted of remote schools, schools on Easter
Island, and very small schools (less than 11 eligible students)

Sample Design

e Explicit stratification by region (North & Region 8, all other regions) and
school type (municipal, subsidized, private), for a total of six explicit strata
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e Implicit stratification by urbanization (rural, urban), for a total of 12
implicit strata

Exhibit B.8.1 Allocation of School Sample in Chile — Eighth Grade

Participating Schools Non-

. Total Sampled Ineligible s

Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement

North .&.Reglon 8 45 0 23 2 0 0
— Municipal
North & Region 8
— Subsidized 34 0 3 ! 0 0
Nort.h & Region 8 31 0 31 0 0 0
— Private
All Other Regions 50 0 50 0 0 0
— Municipal
All Other Regions -
Subsidized 2 0 2 0 0 0
All cher Regions 1 0 13 1 0 0
- Private
Total 195 0 191 4 0 0

B.9 Chinese Taipei

FOURTH GRADE

Coverage and Exclusions

e Coverage is 100%
e School-level exclusions consisted of special education schools and very
small schools (less than eight eligible students)

Sample Design
e No explicit stratification

e Implicit stratification by region (five regions), for a total of five implicit
strata

e Small schools were sampled with probabilities proportional to size
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Exhibit B.9.1 Allocation of School Sample in Chinese Taipei — Fourth Grade

. Participating Schools Non-

. Total Sampled Ineligible S

Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement

Chinese Taipei 150 0 150 0 0
Total 150 0 150 0 0 0

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%
e School-level exclusions consisted of special education schools and very
small schools (less than eight eligible students)

Sample Design
¢ No explicit stratification

e Implicit stratification by region (five regions) and gender (girls, boys,
mixed), for a total of ten implicit strata

e Small schools were sampled with probabilities proportional to size

Exhibit B.9.2 Allocation of School Sample in Chinese Taipei — Eighth Grade

Participating Schools Non-

. Total Sampled Ineligible s

Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Chinese Taipei 150 0 150 0 0
Total 150 0 150 0 0 0
B.10 Cyprus

FOURTH GRADE

Coverage and Exclusions

e Coverage is 100%
¢ School-level exclusions consisted of isolated schools and very small
schools (less than seven eligible students)
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Sample Design
e Explicit stratification by district, for a total of four explicit strata

e Implicit stratification by urbanization (rural, urban), for a total of eight
implicit strata

e Schools sampled with equal probabilities

Exhibit B.10.1 Allocation of School Sample in Cyprus - Fourth Grade

Participating Schools Non-
.. Total Sampled Ineligible s
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Nicosia 54 0 54 0 0 0
Larnaka 38 0 38 0 0 0
Limassol 42 0 42 0 0 0
Pafos 16 0 16 0 0 0
Total 150 0 150 0 0 0
EIGHTH GRADE
Coverage and Exclusions
e Coverage is 100%
e School-level exclusions consisted of isolated schools and very small
schools (less than 15 eligible students)
Sample Design
e Explicit stratification by district, for a total of four explicit strata
e Implicit stratification by urbanization (rural, urban), for a total of eight
implicit strata
e All schools in the sample
Exhibit B.10.2 Allocation of School Sample in Cyprus — Eighth Grade
Participating Schools -
L. Total Sampled Ineligible pating !\k.m .
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Nicosia 22 0 22 0 0 0
Larnaka 13 0 13 0 0 0
Limassol 16 0 16 0 0 0
Pafos 8 0 8 0 0 0
Total 59 0 59 0 0 0
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B.11 Egypt

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%

e School-level exclusions consisted of schools for the blind, handicraft
schools, sport schools, and very small schools (less than 12 eligible
students)

Sample Design

e Explicit stratification by school type, for a total of six explicit strata

e Implicit stratification by gender (boys, girls, mixed), urbanization (rural,
urban), school type (public, free private) in the “Afternoon 2nd Shift”
stratum, schedule (full time, morning shift, noon shift) in the “Public”
stratum, for a total of 42 implicit strata

Exhibit B.11.1 Allocation of School Sample in Egypt — Eighth Grade

. Participating Schools Non-

. Total Sampled Ineligible S

Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Afternoon 2nd Shift 25 0 25 0 0 0
Public Schools 15 0 115 1 0 0
Experimental Language 25 0 25 0 0 0
Schools
Free Private Schools 2 0 2 0 0 0
Private Schools 25 0 25 0 0 0
Private Language 2 0 25 1 0 0
Schools
Total 217 0 217 2 0 0
B.12 England

FOURTH GRADE

Coverage and Exclusions

e Coverage is 100%
e School-level exclusions consisted of special education schools and very
small schools (less than eight eligible students)
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Sample Design
e No explicit stratification

e Implicit stratification by school performance (six levels) and school type
(primary, junior, middle, independent), for a total of 24 implicit strata

Exhibit B.12.1 Allocation of School Sample in England - Fourth Grade

Participating Schools Non-
.. Total Sampled Ineligible S
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
England 150 0 79 31 13 27
Total 150 0 79 31 13 27
EIGHTH GRADE
Coverage and Exclusions
e Coverage is 100%
e School-level exclusions consisted of special education schools and very
small schools (less than seven eligible students)
Sample Design
e No explicit stratification
e Implicit stratification by school performance (six levels) and school type
(comprehensive to 16, comprehensive to 18, independent, grammar,
other), for a total of 27 implicit strata
e Small schools were sampled with probabilities proportional to size
Exhibit B.12.2 Allocation of School Sample in England - Eighth Grade
Participating Schools -
.. Total Sampled Ineligible pating '.\h.m .
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
England 160 0 62 2 3 73
Total 160 0 62 22 3 73
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B.13 Estonia

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%
e School-level exclusions consisted of special education schools and very
small schools (less than seven eligible students)

Sample Design
e Explicit stratification by language (Estonian, Russian) and school size
(very large, large), for a total of four explicit strata

e Implicit stratification by urbanization (five levels) and school type (years
1-12, years 1-9), for a total of 26 implicit strata

e All schools sampled in the two “Very Large Schools” strata

Exhibit B.13.1 Allocation of School Sample in Estonia - Eighth Grade

. Participating Schools Non-

. Total Sampled Ineligible s

Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Very Large Estonian 16 0 16 0 0 0
Schools
Large Estonian Schools 94 1 92 0 0 1
Very Large Russian 7 0 7 0 0 0
Schools
Large Russian Schools 37 1 36 0 0 0
Total 154 2 151 0 0 1
B.14 Ghana

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%
e School-level exclusions consisted of special education schools and very
small schools (less than 11 eligible students)
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Sample Design
e No explicit stratification

e Implicit stratification by region, for a total of ten implicit strata

Exhibit B.14.1 Allocation of School Sample in Ghana - Eighth Grade

. Participating Schools Non-
L. Total Sampled Ineligible L
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Ghana 150 0 150 0 0 0
Total 150 0 150 0 0 0
B.15 Hong Kong, SAR
FOURTH GRADE
Coverage and Exclusions
e Coverage is 100%
e School-level exclusions consisted of special education schools,
international schools, and very small schools (less than nine eligible
students)
Sample Design
e No explicit stratification
e Implicit stratification by gender (single-sex, mixed), school type (aided,
government & private), and schedule (morning, afternoon, whole day),
for a total of 12 implicit strata
Exhibit B.15.1 Allocation of School Sample in Hong Kong, SAR - Fourth Grade
Participating Schools -
.. Total Sampled Ineligible pating !\I(.m .
Explicit Stratum Participating
Schools Schools 1st 2nd
sampled Schools
Replacement Replacement
Hong Kong, SAR 150 0 116 14 2 18
Total 150 0 116 14 2 18
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EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%
e School-level exclusions consisted of special education schools and
international schools

Sample Design
e No explicit stratification

e Implicit stratification by gender (single-sex, mixed), school type (aided,
government & private), and language (Chinese, English), for a total of
eight implicit strata

Exhibit B.15.2 Allocation of School Sample in Hong Kong, SAR - Eighth Grade

. Participating Schools Non-
- Total Sampled Ineligible s
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Hong Kong, SAR 150 0 12 12 1 25
Total 150 0 112 12 1 25

B.16 Hungary

FOURTH GRADE

Coverage and Exclusions

e Coverage is 100%
e School-level exclusions consisted of special education schools and very
small schools (less than 15 eligible students)

Sample Design

e Explicit stratification by grade (Fourth Grade only, Fourth Grade and
Eighth Grade), for a total of two explicit strata

e Implicit stratification by province (20 provinces) and urbanization
(village, town, county seat, Budapest), for a total of 109 implicit strata

e Small schools were sampled with probabilities proportional to size

e Maximum school sample overlap between Fourth Grade and Eighth
Grade
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Exhibit B.16.1 Allocation of School Sample in Hungary — Fourth Grade

Participating Schools Non-
.. Total Sampled Ineligible s
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Fourth Grade Only 14 0 14 0 0 0
Fourth Grade & Eighth 126 1 112 1 0 )
Grade
Total 160 1 156 1 0 2
EIGHTH GRADE
Coverage and Exclusions
e Coverage is 100%
¢ School-level exclusions consisted of special education schools and very
small schools (less than 15 eligible students)
Sample Design
e Explicit stratification by grade (Eighth Grade only, Fourth Grade and
Eighth Grade), for a total of two explicit strata
e Implicit stratification by province (20 provinces) and urbanization
(village, town, county seat, Budapest), for a total of 113 implicit strata
¢ Small schools were sampled with probabilities proportional to size
¢ Maximum school sample overlap between Fourth Grade and Eighth
Grade
Exhibit B.16.2 Allocation of School Sample in Hungary — Eighth Grade
Participating Schools -
.. Total Sampled Ineligible pating !V(?n .
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Eighth Grade Only 22 2 20 0 0 0
Fourth Grade & Eighth 138 1 134 1 0 )
Grade
Total 160 3 154 1 0 2
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B.17 Indiana State, U.S.

FOURTH GRADE

Coverage and Exclusions

e Coverage is 100%
e There were no reported school-level exclusions

Sample Design

e Explicit stratification by school type (public, private), for a total of two
explicit strata

e Implicit stratification urbanization (eight levels) and minority status
(above 15%, below 15%), for a total of 32 implicit strata

e Small schools were sampled with probabilities proportional to size

Exhibit B.17.1 Allocation of School Sample in Indiana State, U.S. - Fourth Grade

Participating Schools Non-
- Total Sampled Ineligible S
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Public 50 0 50 0 0 0
Private 6 0 6 0 0
Total 56 0 56 0 0 0

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%
e There were no reported school-level exclusions

Sample Design

e Explicit stratification by school type (public, private), for a total of two
explicit strata

e Implicit stratification urbanization (eight levels) and minority status
(above 15%, below 15%), for a total of 31 implicit strata

e Small schools were sampled with probabilities proportional to size
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Exhibit B.17.2 Allocation of School Sample in Indiana State, U.S. - Eighth Grade

. Participating Schools Non-
. Total Sampled Ineligible S
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Public 50 0 49 0 0 1
Private 6 0 5 0 0 1
Total 56 0 54 0 0 2

B.18 Indonesia

EIGHTH GRADE

Coverage and Exclusions

e Coverage in Indonesia was restricted to students in non-Islamic schools
(80% of International Desired Target Grade)

e School-level exclusions consisted of very small schools (less than ten
eligible students)

Sample Design
e No explicit stratification

e Implicit stratification by school type (public, private) and performance
(high, average, low), for a total of six implicit strata

Exhibit B.18.1 Allocation of School Sample in Indonesia — Eighth Grade

. Participating Schools Non-
.. Total Sampled Ineligible L
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Indonesia 150 0 148 2 0 0
Total 150 0 148 2 0 0

B.19 Iran, Islamic Republic of

FOURTH GRADE

Coverage and Exclusions

e Coverage is 100%
e School-level exclusions consisted of remote schools and very small
schools (less than seven eligible students)
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Sample Design

e Explicit stratification by school size (small, large) and school type (public,

private), for a total of four explicit strata

e No implicit stratification

e Small schools were sampled with probabilities proportional to size

Exhibit B.19.1 Allocation of School Sample in Iran, Islamic Republic of — Fourth Grade

. Participating Schools Non-
.. Total Sampled Ineligible L
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Small - Public 24 1 23 0 0 0
Small — Private 8 0 8 0 0 0
Large — Public 108 4 104 0 0 0
Large — Private 36 0 36 0 0 0
Total 176 5 7m 0 0 0

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%
¢ School-level exclusions consisted of adult schools and remote schools

Sample Design
e Explicit stratification by school size (small, large) and school type (public,
private), for a total of four explicit strata

¢ No implicit stratification

e Small schools were sampled with probabilities proportional to size

Exhibit B.19.2 Allocation of School Sample in Iran, Islamic Republic of - Eighth Grade

Explicit Stratum

Small — Public
Small — Private
Large — Public
Large — Private

Total

364

Participating Schools -
Total Sampled Ineligible g !\l(.m .
Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
20 0 20 0 0 0
5 1 4 0 0 0
148 5 143 0 0 0
15 1 14 0 0 0
188 7 181 0 0 0
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B.20 Israel

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%

e School-level exclusions consisted of special education schools, Ultra
Orthodox schools, Arab schools (East Jerusalem), and very small schools
(less than nine eligible students)

Sample Design

e Explicit stratification by ethnicity (Hebrew secular, Hebrew religious,
Arab), for a total of three explicit strata

e Implicit stratification by school type (five types) and socio-economic
status (four levels), for a total of 40 implicit strata

¢ Small schools were sampled with probabilities proportional to size

Exhibit B.20.1 Allocation of School Sample in Israel - Eighth Grade

. Participating Schools Non-
. Total Sampled Ineligible L
Explicit Stratum Participating
Schools Schools 1st 2nd
sampled Schools
Replacement Replacement
Hebrew Secular 70 1 68 0 1 0
Hebrew Religious 40 1 37 2 0 0
Arab 40 1 38 0 0 1
Total 150 3 143 2 1 1

B.21 Italy

FOURTH GRADE

Coverage and Exclusions

e Coverage is 100%
e School-level exclusions consisted of very small schools (less than eight
eligible students)

Sample Design
e No explicit stratification
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e Implicit stratification by province (20 provinces) and urbanization
(capital town, other towns), for a total of 40 implicit strata

e Small schools were sampled with probabilities proportional to size

Exhibit B.21.1 Allocation of School Sample in Italy - Fourth Grade

Participating Schools Non-
- Total Sampled Ineligible S
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Italy 172 1 165 6 0 0
Total 172 1 165 6 0 0

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%
¢ School-level exclusions consisted of very small schools (less than eight
eligible students)

Sample Design
e No explicit stratification

e Implicit stratification by province (20 provinces) and urbanization
(capital town, other towns), for a total of 40 implicit strata

e Small schools were sampled with probabilities proportional to size

Exhibit B.21.2 Allocation of School Sample in Italy — Eighth Grade

Participating Schools Non-
- Total Sampled Ineligible S
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Italy 172 1 164 6 1 0
Total 172 1 164 6 1 0
B.22 Japan

FOURTH GRADE

Coverage and Exclusions

e Coverage is 100%
¢ School-level exclusions consisted of schools for educable mentally
disabled students and schools for functionally disabled students
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Sample Design
e Explicit stratification by urbanization (big city area, city area, non-city
area), for a total of three explicit strata

e No implicit stratification

Exhibit B.22.1 Allocation of School Sample in Japan - Fourth Grade

. Participating Schools Non-
. Total Sampled Ineligible L
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement ~ Replacement
Big City 27 0 27 0 0 0
City 84 0 84 0 0 0
Non-City 39 0 39 0 0 0
Total 150 0 150 0 0 0
EIGHTH GRADE
Coverage and Exclusions
e Coverage is 100%
e School-level exclusions consisted of schools for educable mentally
disabled students and schools for functionally disabled students
Sample Design
e Explicit stratification by school type (public, private or national),
urbanization (big city area, city area, non-city area) in the “Public”
stratum, for a total of four explicit strata
e No implicit stratification
Exhibit B.22.2 Allocation of School Sample in Japan - Eighth Grade
Participating Schools -
.. Total Sampled Ineligible pating !\I?n .
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Public — Big City 24 0 24 0 0 0
Public — City 79 0 79 0 0 0
Public — Non-City 37 0 36 0 0 1
Private Or National 10 0 7 0 0 3
Total 150 0 146 0 0 4
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B.23 Jordan

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%
e School-level exclusions consisted of very small schools (less than nine
eligible students)

Sample Design
e No explicit stratification

e Implicit stratification by school type (public, private, UNRWA), urbanization
(rural, urban) in the “Public” and “Private” strata, and gender (boys, girls,
mixed), for a total of 15 implicit strata

Exhibit B.23.1 Allocation of School Sample in Jordan - Eighth Grade

Participating Schools

- Non-
Explicit Stratum Total Sampled Ineligible Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Jordan 150 10 140 0 0
Total 150 10 140 0 0 0

B.24 Korea, Republic of

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%

e School-level exclusions consisted of remote schools, special education
schools, sports schools, and very small schools (less than 11 eligible
students)

Sample Design

e Explicit stratification by province (16 provinces), for a total of 16 explicit
strata

e Implicit stratification by urbanization (large city, middle, rural) and
gender (boys, girls, mixed), for a total of 83 implicit strata

e Small schools were sampled with probabilities proportional to size
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Exhibit B.24.1 Allocation of School Sample in Korea, Republic of — Eighth Grade

. Participating Schools Non-
Explicit Stratum Total Sampled Ineligible Participating
Schools Schools sampled 1st 2nd Schools
Replacement Replacement
Seoul 30 0 30 0 0 0
Pusan 12 0 12 0 0 0
Taegu 9 0 9 0 0 0
Inchon 9 0 9 0 0 0
Kwangju 5 0 5 0 0 0
Taejon 5 1 4 0 0 0
Ulsan 4 0 4 0 0 0
Kyunggi-do 30 0 30 0 0 0
Kangwon-do 4 0 4 0 0 0
Chungchongbuk-do 5 0 5 0 0 0
Chungchongnam-do 6 0 6 0 0 0
Chollabuk-do 6 0 6 0 0 0
Chollanam-do 6 0 6 0 0 0
Kyongsangbuk-do 8 0 7 0 0 1
Kongsangnam-do 10 0 10 0 0 0
Cheju-do 2 0 2 0 0 0
Total 151 1 149 0 0 1
B.25 Latvia

FOURTH GRADE

Coverage and Exclusions

e Coverage is 100%

e School-level exclusions consisted of special education schools, other
language schools, and very small schools (less than six eligible students
in both Fourth Grade and Eighth Grade)

Sample Design

e Explicit stratification by grade (Fourth Grade only, Fourth Grade and
Eighth Grade) and school size (very large, large) in the “Fourth Grade
and Eighth Grade” stratum, for a total of three explicit strata

e Implicit stratification by language (Latvian, Russian, mixed) and
urbanization (rural, urban), for a total of 15 implicit strata
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e Schools sampled with equal probabilities in the “Fourth Grade and
Eighth Grade — Very Large” stratum

e Maximum school sample overlap between Fourth Grade and Eighth
Grade

Exhibit B.25.1 Allocation of School Sample in Latvia — Fourth Grade

Participating Schools Non-

- Total Sampled Ineligible S

Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement

Fourth Grade Only 15 0 15 0 0 0
Fourth & Eighth Grade 27 1 2 0 0 1
— Very Large
Fourth & Eighth Grade 108 0 97 1 ) 3
— Large
Total 150 1 137 1 2 9

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%

¢ School-level exclusions consisted of special education schools, other
language schools, and very small schools (less than six eligible students
in both Fourth Grade and Eighth Grade)

Sample Design

e Explicit stratification by grade (Eighth Grade only, Fourth Grade and
Eighth Grade) and school size (very large, large) in the “Fourth Grade
and Eighth Grade” stratum, for a total of three explicit strata

e Implicit stratification by language (Latvian, Russian, mixed) and
urbanization (rural, urban), for a total of 12 implicit strata

e Schools sampled with equal probabilities in the “Eighth Grade Only” and
“Fourth Grade & Eighth Grade — Very Large” strata

¢ Maximum school sample overlap between Fourth Grade and Eighth
Grade
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Exhibit B.25.2 Allocation of School Sample in Latvia — Eighth Grade

. Participating Schools Non-
.. Total Sampled Ineligible s
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Eighth Grade Only 15 1 14 0 0 0
Fourth & Eighth Grade 27 0 2% 0 0 1
— Very Large
Fourth & Eighth Grade 108 0 97 1 ) 8
- Large
Total 150 1 137 1 2 9
B.26 Lebanon
EIGHTH GRADE
Coverage and Exclusions
e Coverage is 100%
¢ School-level exclusions consisted of very small schools (less than nine
eligible students)
Sample Design
e No explicit stratification
e Implicit stratification by school type (public, private), urbanization (rural,
urban), and gender (boys, girls, mixed), for a total of ten implicit strata
Exhibit B.26.1 Allocation of School Sample in Lebanon - Eighth Grade
Participating Schools -
.. Total Sampled Ineligible pating !\I?n .
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Lebanon 160 0 148 4 0
Total 160 0 148 4 0 8
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B.27 Lithuania

FOURTH GRADE

Coverage and Exclusions

e Coverage in Lithuania was restricted to students whose language of
instruction is Lithuanian (92% of International Desired Target Grade).

e School-level exclusions consisted of special education schools and very
small schools (less than five eligible students)

Sample Design
e Explicit stratification by grade (Fourth Grade only, Fourth Grade and
Eighth Grade), for a total of two explicit strata

e Implicit stratification by school type (basic, secondary, primary), for a
total of five implicit strata

¢ Maximum school sample overlap between Fourth Grade and Eighth
Grade

Exhibit B.27.1 Allocation of School Sample in Lithuania - Fourth Grade

Explicit Stratum

Fourth Grade Only

Fourth Grade & Eighth
Grade

Total

Participating Schools -

Total Sampled Ineligible pating !\“.m .
Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement

42 0 37 3 1 1

18 0 110 2 0 6

160 0 147 5 1 7

EIGHTH GRADE

Coverage and Exclusions

e Coverage in Lithuania was restricted to students whose language of
instruction is Lithuanian (89% of International Desired Target Grade).

e School-level exclusions consisted of special education schools and very
small schools (less than six eligible students)

Sample Design
e Explicit stratification by grade (Eighth Grade only, Fourth Grade and
Eighth Grade), for a total of two explicit strata
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e Implicit stratification by school type (basic, secondary), for a total of four

implicit strata

e Maximum school sample overlap between Fourth Grade and Eighth

Grade

Exhibit B.27.2 Allocation of School Sample in Lithuania - Eighth Grade

. Participating Schools Non-
.. Total Sampled Ineligible S
Explicit Stratum Participating
Schools Schools 1st 2nd
sampled Schools
Replacement Replacement
Eighth Grade Only 23 0 20 2 1 0
Fourth Grade & Eighth 127 0 17 3 0 7
Grade
Total 150 0 137 5 1 7
B.28 Macedonia, Republic of
EIGHTH GRADE
Coverage and Exclusions
e Coverage is 100%
e School-level exclusions consisted of special education schools, other
language schools (Turkish and Serbian), schools in politically sensitive
regions (near the border with Kosovo), and very small schools (less than
seven eligible students)
Sample Design
e Explicit stratification by school size (large, very large), for a total of two
explicit strata
e Implicit stratification by language (Macedonian, Albanian) and
urbanization (rural, urban), for a total of seven implicit strata
e All schools sampled in the “Very Large Schools” stratum
Exhibit B.28.1 Allocation of School Sample in the Macedonia, Republic of — Eighth Grade
Participating Schools -
.. Total Sampled Ineligible pating !\I?n .
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Very Large Schools 28 0 28 0 0 0
Large Schools 122 0 14 7 0 1
Total 150 0 142 7 0 1
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B.29 Malaysia

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%
e School-level exclusions consisted of private schools, international
schools, and special education schools

Sample Design
e No explicit stratification

e Implicit stratification by state (14 states) and urbanization (rural, urban),
for a total of 28 implicit strata

e Small schools were sampled with probabilities proportional to size

Exhibit B.29.1 Allocation of School Sample in Malaysia - Eighth Grade

. Participating Schools Non-
.. Total Sampled Ineligible L
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Malaysia 150 0 150 0 0 0
Total 150 0 150 0 0 0

B.30 Moldova

FOURTH GRADE

Coverage and Exclusions

e Coverage is 100%

e School-level exclusions consisted of special education schools and very
small schools (less than six eligible students in both Fourth Grade and
Eighth Grade)

Sample Design

e Explicit stratification by grade (Fourth Grade only, Fourth Grade and
Eighth Grade), for a total of two explicit strata

e Implicit stratification by urbanization (rural, urban), school type
(Gymnasium, Lyceum, General School, other) in the “Fourth Grade and

374 TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE



APPENDIX B: CHARACTERISTICS OF NATIONAL SAMPLES

Eighth Grade” stratum, and language (National, Russian, mixed) in the
“Fourth Grade and Eighth Grade” stratum, for a total of 18 implicit strata

e Maximum school sample overlap between Fourth Grade and Eighth
Grade

Exhibit B.30.1 Allocation of School Sample in Moldova - Fourth Grade

. Participating Schools Non-
.. Total Sampled Ineligible L
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Fourth Grade Only 14 2 12 0 0 0
Fourth & Eighth Grade 139 0 135 4 0 0
Total 153 2 147 4 0 0

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%

¢ School-level exclusions consisted of special education schools and very
small schools (less than six eligible students in both Fourth Grade and
Eighth Grade)

Sample Design

e Explicit stratification by grade (Eighth Grade only, Fourth Grade and
Eighth Grade), for a total of two explicit strata

e Implicit stratification by urbanization (rural, urban), school type
(Gymnasium, Lyceum, General School, other) in the “Fourth Grade and
Eighth Grade” stratum, and language (National, Russian, mixed) in the
“Fourth Grade & Eighth Grade” stratum, for a total of 18 implicit strata

¢ Maximum school sample overlap between Fourth Grade and Eighth
Grade
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Exhibit B.30.2 Allocation of School Sample in Moldova - Eighth Grade

. Participating Schools Non-

.. Total Sampled Ineligible L

Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement

Eighth Grade Only " 1 10 0 0 0
Fourth Grade & Eighth 139 0 137 7 0 0
Grade
Total 150 1 147 2 0 0

B.31 Morocco

FOURTH GRADE

Coverage and Exclusions

e Coverage is 100%

e School-level exclusions consisted of special education schools and very
small schools (less than six eligible students in both Fourth Grade and
Eighth Grade)

Sample Design

e Explicit stratification by grade (Fourth Grade only, Fourth Grade and
Eighth Grade) and region strata (eight strata) in the “Fourth Grade Only”
stratum, for a total of nine explicit strata

e The 16 regions of Morocco were combined into eight region strata

e Implicit stratification by school type (public, private), urbanization (rural,
urban) in the “Public” stratum, and administration (four types) in the
“Fourth Grade Only — Public” stratum, for a total of 66 implicit strata

e Maximum school sample overlap between Fourth Grade and Eighth
Grade
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Exhibit B.31.1 Allocation of School Sample in Morocco — Fourth Grade

. Participating Schools Non-
.. Total Sampled Ineligible s
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Fourth Grade Only
— Region Stratum 1 2 0 24 0 0 !
Fourth Grade Only
— Region Stratum 2 2 0 8 0 0 7
Fourth Grade Only
— Region Stratum 3 3 0 34 0 0 !
Fourth Grade Only
— Region Stratum 4 2 0 24 0 0 !
Fourth Grade Only
— Region Stratum 5 30 0 29 0 0 !
Fourth Grade Only
— Region Stratum 6 30 0 28 0 0 2
Fourth Grade Only
— Region Stratum 7 2 0 23 0 0 2
Fourth Grade Only
— Region Stratum 8 30 0 27 0 0 3
Fourth & Eighth Grade 2 2 0 0 0 0
Total 227 2 197 0 0 28

EIGHTH GRADE

Coverage and Exclusions

e Coverage in Morocco was restricted to students outside the regions
of Souss Massa Draa, Casablanca and Gharb-Chrardais (69% of the
International Desired Target Grade).

¢ School-level exclusions consisted of special education schools and very
small schools (less than six eligible students in both Fourth Grade and
Eighth Grade)

Sample Design

e Explicit stratification by grade (Eighth Grade only, Fourth Grade and
Eighth Grade), region strata (eight strata) in the “Fourth Grade Only”
stratum, and school size (large, very large) in the “Region Stratum 1”
stratum, for a total of ten explicit strata

e The 16 regions of Morocco were combined into eight region strata

e Implicit stratification by school type (public, private) and urbanization
(rural, urban) in the “Public” stratum, for a total of 27 implicit strata
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e All schools sampled in the “Eighth Grade Only — Region 1 — Very Large”
stratum

e Maximum school sample overlap between Fourth Grade and Eighth
Grade

Exhibit B.31.2 Allocation of School Sample in Morocco - Eighth Grade

. Participating Schools Non-
. Total Sampled Ineligible L
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Eighth Grade Only -
Reg.1 - Very Large 4 0 4 0 0 0
Eighth Grade Only - n 0 16 0 0 5
Reg.1 - Large
Eighth Grade Only
— Region Stratum 2 2 25 0 0 0 0
Eighth Grade Only
— Region Stratum 3 3 3 0 0 0 0
Eighth Grade Only
— Region Stratum 4 2 0 23 0 0 2
Eighth Grade Only
— Region Stratum 5 30 0 26 0 0 4
Eighth Grade Only
— Region Stratum 6 30 0 23 0 0 !
Eighth Grade Only
— Region Stratum 7 2 0 20 0 0 >
Eighth Grade Only
— Region Stratum 8 30 0 19 0 0 1
Fourth & Eighth Grade 2 2 0 0 0 0
Total 227 62 131 0 0 34

B.32 Netherlands

FOURTH GRADE

Coverage and Exclusions

e Coverage is 100%
e School-level exclusions consisted of special education schools and very
small schools (less than seven eligible students)
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Sample Design
e No explicit stratification

e Implicit stratification by mean National Student Weight (low, medium,
high), for a total of three implicit strata

Exhibit B.32.1 Allocation of School Sample in the Netherlands - Fourth Grade

Participating Schools Non-
.. Total Sampled Ineligible S
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Netherlands 150 1 77 36 17 19
Total 150 1 77 36 17 19
EIGHTH GRADE
Coverage and Exclusions
e Coverage is 100%
e School-level exclusions consisted of special secondary education, schools
with recovery program (“vrije scholen”), and very small schools (less
than seven eligible students)
Sample Design
e No explicit stratification
e Implicit stratification by school program (VMBO, HAVO / VWO, mixed),
for a total of three implicit strata
e Minimum school sample overlap between TIMSS and PISA
Exhibit B.32.2 Allocation of School Sample in the Netherlands - Eighth Grade
Participating Schools -
.. Total Sampled Ineligible pating !\I9n .
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Netherlands 150 0 18 12 0 20
Total 150 0 118 12 0 20

TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE 379



APPENDIX B: CHARACTERISTICS OF NATIONAL SAMPLES

B.33 New Zealand

FOURTH GRADE

Coverage and Exclusions

e Coverage is 100%

e School-level exclusions consisted of special education schools,
correspondence schools, Rudolf Steiner schools, and very small schools
(less than four eligible students)

Sample Design

e Explicit stratification by language of instruction (Maori, English), for a
total of two explicit strata

e Implicit stratification by school type (state, private) in the “Non-Maori”
stratum, school decile indicator (low, medium, high) in the “Non-Maori
- State” stratum, and urbanization (rural, urban) in the “Non-Maori -
State” stratum, for a total of eight implicit strata

Exhibit B.33.1 Allocation of School Sample in New Zealand - Fourth Grade

. Participating Schools Non-

- Total Sampled Ineligible s

Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement

Maori language 10 0 5 1 0 4
instruction
English language
. . 218 0 189 23 2 4
instruction
Total 228 0 194 24 2 8

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%

¢ School-level exclusions consisted of special education schools,
correspondence schools, Maori immersion schools, Rudolf Steiner
schools, and very small schools (less than seven eligible students)

Sample Design
e No explicit stratification

e Implicit stratification by school type (state, private), school decile
indicator (low, medium, high) in the “State” stratum, urbanization
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(rural, urban) in the “State” stratum, and gender (boys, girls, mixed) in
the “State” stratum, for a total of ten implicit strata

e Schools were sampled with equal probabilities

Exhibit B.33.2 Allocation of School Sample in New Zealand - Eighth Grade

. Participating Schools Non-
.. Total Sampled Ineligible L
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
New Zealand 175 1 149 20 0 5
Total 175 1 149 20 0 5

B.34 Norway

FOURTH GRADE

Coverage and Exclusions

e Coverage is 100%

¢ School-level exclusions consisted of special education schools, Sami
schools, and very small schools (less than five eligible students in both
Fourth Grade and Eighth Grade)

Sample Design

e Explicit stratification by grade (Fourth Grade only, Fourth Grade and
Eighth Grade) and language (Bokmal, other), for a total of four explicit
strata

e No implicit stratification

e Small schools were sampled with probabilities proportional to size in the
“Fourth Grade & Eighth Grade — Bokmal” stratum

e Maximum school sample overlap between Fourth Grade and Eighth
Grade
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Exhibit B.34.1 Allocation of School Sample in Norway - Fourth Grade

. Participating Schools Non-

. Total Sampled Ineligible L

Explicit Stratum 1st 2nd Participating
Schools Schools Sampled
Replacement Replacement Schools

Fourth Gorade Only 6 0 2 ) 0 2
— Bokmdl
Fourth Grade Only
— Other 79 0 68 3 0 8
Fourth & Eighth Grade 20 0 20 0 0 0
— Other
Total 150 0 134 5 0 1

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%

¢ School-level exclusions consisted of special education schools, Sami
schools, and very small schools (less than five eligible students in both
Fourth Grade and Eighth Grade)

Sample Design
e Explicit stratification by grade (Eighth Grade only, Fourth Grade and
Eighth Grade) and language (Bokmal, other), for a total of four explicit

Strata

e No implicit stratification

e Small schools were sampled with probabilities proportional to size in
the “Eighth Grade Only — Bokmal”, “Fourth Grade & Eighth Grade
— Bokmal”, and “Eighth Grade Only — Other” strata

¢ Maximum school sample overlap between Fourth Grade and Eighth

Grade
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Exhibit B.34.2 Allocation of School Sample in Norway - Eighth Grade

. Participating Schools Non-

. Total Sampled Ineligible s

Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement

Eighth (irade Only 0 0 40 0 0 2
— Bokmdl
Fourth & Eighth Grade 3 0 6 0 0 2
— Bokmdl
Eighth Grade Only
_ Other 73 0 68 0 0 5
Fourth & Eighth Grade 27 0 2 0 0 3
— Other
Total 150 0 138 0 0 12

B.35 Ontario Province, Canada

FOURTH GRADE

Coverage and Exclusions

e Coverage is 100%

¢ School-level exclusions consisted of special education schools, remote
schools (northern regions), and very small schools (less than ten eligible
students in both Fourth Grade and Eighth Grade)

Sample Design

e Explicit stratification by grade (Fourth Grade only, Fourth Grade and
Eighth Grade) and language (English, French), for a total of four explicit
strata

e Implicit stratification by school type (public, private, separate), for a total
of 12 implicit strata

e Maximum school sample overlap between Fourth Grade and Eighth
Grade
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Exhibit B.35.1 Allocation of School Sample in Ontario Province, Canada - Fourth Grade

Total . Participating Schools Non-
. Ineligible L
Explicit Stratum Sampled Participating
Schools 1st 2nd
Schools Sampled Schools
Replacement  Replacement
Fourth. Grade Only 3 2 27 1 1 1
— English
Fourth Grade Only 25 0 2 1 0 0
— French
Fourth & Eighth
Grade — English 88 2 & 4 1 6
Fourth & Eighth Grade 55 0 53 7 0 0
— French
Total 200 4 179 8 2 7

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%

¢ School-level exclusions consisted of special education schools, native
schools, overseas schools, and very small schools (less than ten eligible
students in both Fourth Grade and Eighth Grade)

Sample Design

e Explicit stratification by grade (Eighth Grade only, Fourth Grade and
Eighth Grade) and language (English, French), for a total of four explicit
strata

e Implicit stratification by school type (public, private, separate), for a total
of 11 implicit strata

e All schools sampled in the “Eighth Grade Only — French” stratum

e Maximum school sample overlap between Fourth Grade and Eighth
Grade
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Exhibit B.35.2 Allocation of School Sample in Ontario Province, Canada - Eighth Grade

. Participating Schools Non-

. Total Sampled Ineligible L

Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement

Elghth.Grade Only 3 1 2 4 3 )
— English
Eighth Grade Only 2 1 23 0 0 1
— French
Fourth. & Eighth Grade 88 1 75 5 1 6
— English
Fourth & Eighth Grade 55 1 51 ) 0 1
— French
Total 200 4 17 1 4 10

B.36 Palestinian Nat'l Authority

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%
¢ School-level exclusions consisted of very small schools (less than 11
eligible students)

Sample Design

e Explicit stratification by school size (very large, large), for a total of two
explicit strata

e Implicit stratification by regions (Gaza Strip, West Bank), school type
(public, private, UNWRA), and gender (boys, girls, mixed), for a total of
20 implicit strata

e All schools sampled in the “Very Large Schools” stratum

Exhibit B.36.1 Allocation of School Sample in Palestinian Nat'l Authority — Eighth Grade

Participating Schools Non-
. Total Sampled Ineligible S
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Very Large Schools 22 0 22 0 0 0
Large Schools 128 5 123 0 0 0
Total 150 5 145 0 0 0
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B.37 Philippines

FOURTH GRADE

Coverage and Exclusions

e Coverage is 100%
e School-level exclusions consisted of schools in the ARMM region and
very small schools (less than ten eligible students)

Sample Design

¢ Explicit stratification by school type (public, private), for a total of two
explicit strata

e Implicit stratification by region (16 regions), for a total of 32 implicit
strata

Exhibit B.37.1 Allocation of School Sample in the Philippines - Fourth Grade

. Participating Schools Non-
- Total Sampled Ineligible L
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Public 149 0 m 9 4 25
Private 1A 0 " 0 0 0
Total 160 0 122 9 4 25

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%
¢ School-level exclusions consisted of schools in the ARMM Region and
very small schools (less than ten eligible students)

Sample Design

e Explicit stratification by school type (public, private), for a total of two
explicit strata

e Implicit stratification by region (16 regions), for a total of 32 implicit
strata
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Exhibit B.37.2 Allocation of School Sample in the Philippines — Eighth Grade

. Participating Schools Non-
. Total Sampled Ineligible L
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Public 126 0 100 5 0 21
Private 34 0 32 0 0 2
Total 160 0 132 5 0 23

B.38 Québec Province, Canada

FOURTH GRADE

Coverage and Exclusions

e Coverage is 100%

¢ School-level exclusions consisted of special education schools, remote
schools (northern regions), and very small schools (less than 11 eligible
students in both Fourth Grade and Eighth Grade)

Sample Design

e Explicit stratification by grade (Fourth Grade only, Fourth Grade and
Eighth Grade) and language (English, French, English & French), for a
total of five explicit strata

e Implicit stratification by school type (public, private), for a total of nine
implicit strata

e Maximum school sample overlap between Fourth Grade and Eighth
Grade
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Exhibit B.38.1 Allocation of School Sample in Québec Province, Canada - Fourth Grade

. Participating Schools Non-

. Total Sampled Ineligible L

Explicit Stratum Participating
Schools Schools 1st 2nd
sampled Schools
Replacement Replacement

Fourth.Grade Only 65 1 63 0 0 1
— English
Fourth Grade Only
— English & French 2 0 2 0 0 0
Fourth Grade Only 12 0 m 1 0 0
— French
Fourth. & Eighth Grade 13 1 12 0 0 0
— English
Fourth & Eighth Grade 6 2 4 0 0 0
— French
Total 198 4 192 1 0 1

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%

¢ School-level exclusions consisted of special education schools, remote
schools (northern regions), and very small schools (less than 11 eligible
students in both Fourth Grade and Eighth Grade)

Sample Design

e Explicit stratification by grade (Eighth Grade only, Fourth Grade and
Eighth Grade) and language (English, French, English & French), for a
total of five explicit strata

e Implicit stratification by school type (public, private), for a total of nine
implicit strata

e All schools sampled in the “Eighth Grade Only — English” and “Eighth
Grade Only — English & French” strata

¢ Maximum school sample overlap between Fourth Grade and Eighth
Grade

388 TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE



APPENDIX B: CHARACTERISTICS OF NATIONAL SAMPLES

Exhibit B.38.2 Allocation of School Sample in Québec Province, Canada - Eighth Grade

. Participating Schools Non-

. Total Sampled Ineligible L

Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement

Elghth.Grade Only 66 8 58 0 0 0
— English
Eighth Grade Only
— English & French ! 0 ! 0 0 0
Eighth Grade Only 13 5 98 7 0 8
— French
Fourth. & Eighth Grade 13 0 12 0 0 1
— English
Fourth & Eighth Grade 6 1 4 0 0 1
— French
Total 199 14 173 2 0 10

B.39 Romania

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%
e School-level exclusions consisted of special education schools and very
small schools (less than seven eligible students)

Sample Design
e No explicit stratification

e Implicit stratification by region (42 regions) and urbanization (rural,
urban), for a total of 83 implicit strata

Exhibit B.39.1 Allocation of School Sample in Romania - Eighth Grade

. Participating Schools Non-
.. Total Sampled Ineligible L
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Romania 150 1 148 0 0 1
Total 150 1 148 0 0 1
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B.40 Russian Federation

FOURTH GRADE

Coverage and Exclusions

Coverage is 100%

School-level exclusions consisted of evening schools, special needs
schools, atypical schools, and very small schools (less than four eligible
students)

Sample Design

Preliminary sampling of 45 regions from a frame of 89 regions, 17
regions large enough to be sampled with certainty

No explicit stratification (the explicit strata in table B.40.1 correspond to
the primary sampling units)

Implicit stratification by town size (ten levels), for a total of 225 implicit
strata

Generally, four schools sampled per region, more schools sampled in
some certainty regions

Large schools were sampled with equal probabilities in the regions
“Rasan Obl”, “Kirov Obl”, and “Omsk Obl”
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Exhibit B.40.1 Allocation of School Sample in the Russian Federation - Fourth Grade

Participating Schools -
Total Sampled Ineligible 9 Non

Schools Schools 1st 2nd
Sampled

Explicit Stratum Participating

Replacement Replacement Schools
Sankt-Petersburg® 6 0 0
Archangelsk Obl 4
Komi 4
4

Karelia

—_

Moscow™

Moscow Obl*

10

Voroneg Obl
Tula Obl
Brjansk Obl
Yaroslav Obl
Tambov Obl
Rasan Obl
Kaluga Obl
Bashkortostan™
Tatarstan*
N_Novgorod Obl*
Samara Obl*

6
4
4
4
0
8
4
4
4
4
4
4
4
8
6
4
4
Perm Obl* 4
4
4
4
4
4
4
6
6
6
4
4
4
6
4
4
4
4

OOOOOOOOOOOOOOOOOO

Saratov Obl
Orenburg Obl

Udmurtia

—_

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
Kirov Obl 0
Pensa Obl 0
Marii_Al 0
Krasnodar Kr* 0
Rostov Obl* 0
Dagestan* 0
Stavropol Kr* 0
Volgograd Obl 0
Alania 0
Sverdlovsk Obl*
Chelyabinsk Obl*
Hanty_Mansii Ok
Tumen Obl
Krasnoyarsk Obl*

-
©O ©O O ©O ©O ©O ©O © © © © © © © © © © © © © ©O o © © © o o o o o o o o o

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

©O © ©O ©O ©O O © © © © © © © © © o°o
A 2 A AU AP BPMO OO SRS~ BE AR WA RSN PR BAEB BB B ©

o o o o
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Exhibit B.40.1 Allocation of School Sample in the Russian Federation — Fourth Grade (..continued)

Participating Schools Non-
Participating
Schools

Total Sampled Ineligible
Schools Schools 1st 2nd

Sampled Replacement Replacement
0 0

Explicit Stratum

Kemerovo Obl*
Irkutsk Obl*
Altay Kr
Novosibirsk Obl
Omsk Obl
Chita Obl

Tyva

Primorsk Kr
Saha

Magadan Obl
Total 206

Strata marked with (*) were selected with certainty

B R R N R — TR~
- O O O O O O O o o o

B R R S T R ~ TR~
- O O O O O O o o o
O O O O O O O o o o
©O O O O O O O o o o o

204

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%

¢ School-level exclusions consisted of evening schools, special needs
schools, atypical schools, and very small schools (less than five eligible
students)

Sample Design
e Preliminary sampling of 45 regions from a frame of 89 regions, 19
regions large enough to be sampled with certainty

e No explicit stratification (the explicit strata in table B.40.2 correspond to
the primary sampling units)

e Implicit stratification by town size (ten levels), for a total of 230 implicit
strata

e Generally, four schools sampled per region, more schools sampled in
some certainty regions

e Large schools were sampled with equal probabilities in the regions
“Rasan Obl”, “Kirov Obl”, “Omsk Obl”, and “Tomsk Obl”
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Exhibit B.40.2 Allocation of School Sample in the Russian Federation — Eighth Grade

Participating Schools Non-
Participating
Schools

Total Sampled Ineligible
Schools Schools 1st 2nd

Sampled Replacement Replacement
0 0

Explicit Stratum

*

Sankt-Petersburg
Leningrad Obl
Vologda Obl
Murmansk Obl
Novgorod Obl
Moscow*
Moscow Obl*
Vladimir Obl
Tver Obl
Rasan Obl
Smolensk Obl
Orel Obl
N_Novgorod Obl*
Kirov Obl
Marii_Al
Belgorod Obl
Tambov Obl
Samara Obl*
Saratov Obl*
Volgograd Obl*
Ulianovsk Obl

Tatarstan

S~ A B b~ o

—_
N

—_
o
o O O O O O o o o

—_

Kalmykia
Krasnodar Kr*
Rostov Obl*
Stavropol Kr*
Kabarda_Balkaria
Sverdlovsk Obl*
Bashkortostan*
Chelyabinsk Obl*
Perm Obl*
Orenburg Obl

Udmurtia

©O © ©O © © ©O © © © © © © © © © © © o o o

N

Kemerovo Obl*
Novosibirsk Obl*

O O O O O O O O O O O O O O o O o o o o ©o © 0opoo oo o o o o o o o o

O O O O O O O O ©O O O ©O O O O O O O O O © © 0o o 0o ©o ©o o o o o o o o
O O O O O O O O O O O O O O O O O O O © © © 0o o o o 0o o o o o o o o
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Exhibit B.40.2 Allocation of School Sample in the Russian Federation — Eighth Grade
(...Continued)

Participating Schools Non-
Participating
Schools

Total Sampled Ineligible
Schools Schools 1st 2nd

Sampled Replacement Replacement
0 0

Explicit Stratum

Altay Kr*

Omsk Obl
Hanty_Mansii Ok
Tomsk Obl
Krasnoyarsk Obl*
Irkutsk Obl*
Chita Obl

Primorsk Kr

L R N L L

Habarovsk Kr
Sahalin Obl
Total 216

Strata marked with (*) were selected with certainty

~
© O © © © © ©o ©o ©o o o
N N R N N )
© ©O © © ©o © ©o o o o
© O © © © © ©o o o ©
N © ©o ©o ©o ©o o o o o o
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B.41 Saudi Arabia

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%
e School-level exclusions consisted of very small schools (less than seven
eligible students)

Sample Design
e No explicit stratification

e Implicit stratification by gender (boys, girls) and school type
(government, private), for a total of four implicit strata
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Exhibit B.41.1 Allocation of School Sample in Saudi Arabia - Eighth Grade

. Participating Schools Non-
.. Total Sampled Ineligible L
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Saudi Arabia 160 0 154 1 0 5
Total 160 0 154 1 0 5

B.42 Scotland

FOURTH GRADE

Coverage and Exclusions

e Coverage is 100%
e School-level exclusions consisted very small schools (less than seven
eligible students)

Sample Design

e Explicit stratification by grade (Fourth Grade, Fourth Grade & Eighth
Grade), for a total of two explicit strata

e Implicit stratification by school performance (six levels) and school type
(five types), for a total of 18 implicit strata

e Maximum school sample overlap between Fourth Grade and Eighth
Grade

Exhibit B.42.1 Allocation of School Sample in Scotland - Fourth Grade

. Participating Schools Non-
. Total Sampled Ineligible L
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Fourth Grade Only 146 0 90 25 6 25
Fourth Grade & Eighth 4 0 4 0 0 0
Grade
Total 150 0 94 25 6 25

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%
¢ School-level exclusions consisted very small schools (less than seven
eligible students)
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Sample Design

e Explicit stratification by grade (Eighth Grade only, Fourth Grade and
Eighth Grade) and school size (large, other) in the “Eighth Grade Only”
stratum, for a total of three explicit strata

e Implicit stratification by school performance (six levels) and school type
(four types), for a total of 28 implicit strata

¢ Maximum school sample overlap between Fourth Grade and Eighth
Grade

e Minimum school sample overlap between TIMSS and PISA

Exhibit B.42.2 Allocation of School Sample in Scotland - Eighth Grade

Participating Schools Non-

- Total Sampled Ineligible S

Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Eighth Grade Only 60 0 18 5 0 7
— Large
Eighth Grade Only
_ Other 82 0 60 7 0 15
Fourth & Eighth Grade 8 0 7 1 0 0
Total 150 0 115 13 0 22
B.43 Serbia

EIGHTH GRADE

Coverage and Exclusions

e Coverage in Serbia was restricted to students outside Kosovo (81% of
International Desired Target Grade).

e School-level exclusions consisted of schools near Kosovo, special
education schools, and very small schools (less than ten eligible students)

Sample Design
e No explicit stratification

e Implicit stratification by region (Central Serbia, Belgrade, Vojvodina) and
urbanization (rural, urban), for a total of six implicit strata
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Exhibit B.43.1 Allocation of School Sample in Serbia - Eighth Grade

. Participating Schools Non-
. Total Sampled Ineligible L
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Serbia 150 0 149 0 0 1
Total 150 0 149 0 0 1

B.44 Singapore

FOURTH GRADE

Coverage and Exclusions

e Coverage is 100%
e No school-level exclusions

Sample Design
e All schools in the sample

Exhibit B.44.1 Allocation of School Sample in Singapore - Fourth Grade

. Participating Schools Non-

. Total Sampled Ineligible s

Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement

Singapore 182 0 182 0 0
Total 182 0 182 0 0 0

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%
e No school-level exclusions

Sample Design
e All schools in the sample
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Exhibit B.44.2 Allocation of School Sample in Singapore — Eighth Grade

. Participating Schools Non-
L. Total Sampled Ineligible L
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Singapore 164 0 164 0 0
Total 164 0 164 0 0 0

B.45 Slovak Republic

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%
e School-level exclusions consisted of special education schools

Sample Design

e Explicit stratification by school type (gymnasium, basic) and language
(Slovak, Hungarian), for a total of four explicit strata

e Implicit stratification by regions (eight regions), for a total of 25 implicit
strata

e The school measure of size was based on the number of classes in the
schools
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Exhibit B.45.1 Allocation of School Sample in the Slovak Republic - Eighth Grade

Participating Schools

. Non-
Explicit Stratum Total Sampled Ineligible Participating
Schools Schools 2nd
1st Schools
Sampled
Replacement  Replacement

Gymnasium — Slovak 30 0 26 3 1 0
Gymnasium 10 1 9 0 0 0

— Hungarian

Basic — Slovak 120 0 116 4 0 0
Basic — Hungarian 20 0 19 1 0 0
Total 180 1 170 8 1 0

B.46 Slovenia

FOURTH GRADE

Coverage and Exclusions

e Coverage is 100%

e School-level exclusions consisted of special education schools, Ttalian
schools, and very small schools (less than eight eligible students in both
Fourth Grade and Eighth Grade)

Sample Design

e Explicit stratification by school structure (new system in both Fourth
Grade & 2, new system in Fourth Grade, new system in Eighth Grade,
old system) and school size (very large, large) in the “Old System”
stratum, for a total of five explicit strata

e Implicit stratification by region (eight regions), for a total of 29 implicit
strata

e All schools sampled in the “New System In Both Fourth Grade and 2”,
“New System In Fourth Grade”, “New System In Eighth Grade”, and
“QOld System — Very Large” strata

e Same schools sampled in Fourth Grade and Eighth Grade
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Exhibit B.46.1 Allocation of School Sample in Slovenia — Fourth Grade

Explicit Stratum

New System In Both
Fourth Grade & 2

New System in Fourth
Grade

New System In Eighth
Grade

0Old System — Very
Large

0Old System - Large
Total

Participating Schools -
Total Sampled Ineligible pating !\I(.m .
Participating
Schools Schools 1st 2nd
sampled Schools
Replacement Replacement

16 0 16 0 0 0

23 0 21 0 0 2

15 0 15 0 0 0

3 0 3 0 0 0

120 0 114 5 0 1
177 0 169 5 0 3

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%

e School-level exclusions consisted of special education schools, Ttalian
schools, and very small schools (less than eight eligible students in both
Fourth Grade and Eighth Grade)

Sample Design

e Explicit stratification by school structure (new system in both Fourth
Grade & 2, new system in Fourth Grade, new system in Eighth Grade,
old system) and school size (very large, large) in the “Old System”
stratum, for a total of five explicit strata

e Implicit stratification by region (eight regions), for a total of 29 implicit
strata

e All schools sampled in the “New System In Both Fourth Grade and 2”,
“New System In Fourth Grade”, “New System In Eighth Grade”, and
“QOld System — Very Large” strata

e Same schools sampled in Fourth Grade and Eighth Grade
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Explicit Stratum

New System In Both
Fourth Grade & 2

New System In Fourth
Grade

New System In Eighth
Grade

0Old System — Very
Large

0Old System - Large
Total

Total Sampled
Schools

120
177

B.47 South Africa

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%
e School-level exclusions consisted of special education schools and very
small schools (less than 12 eligible students)

Sample Design

Ineligible
School
chools Sampled

0 16
0 21
0 15
0 3
0 114
0 169

Participating Schools

1st

Replacement

0

2nd
Replacement

0

e Explicit stratification by province, for a total of nine explicit strata

e Implicit stratification by language (English, Afrikaans, mixed), for a total

of 19 implicit strata
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Exhibit B.47.1 Allocation of School Sample in South Africa — Eighth Grade

Explicit Stratum

Eastern Cape

Free State
Gauteng

Kwazulu Natal
Mpumalanga
North West
Northern Cape
Northern Province
Western Cape
Total

Participating Schools -
Total Sampled Ineligible pating !\“.m .
Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement

33 0 29 3 1 0
25 0 24 1 0 0
27 0 20 3 0 4
48 0 43 2 1 2
25 0 23 1 0 1
25 0 25 0 0 0
25 0 24 1 0 0
32 0 31 0 0 1
25 0 22 1 0 2
265 0 241 12 2 10

B.48 Sweden

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%
e School-level exclusions consisted of very small schools (less than seven
eligible students)

Sample Design
e No explicit stratification

e No implicit stratification

Exhibit B.48.1 Allocation of School Sample in Sweden - Eighth Grade

Explicit Stratum

Sweden

Total

Participating Schools -
Total Sampled Ineligible pating !\I?n .
Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
160 0 155 4 0 1
160 0 155 4 0 1
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B.49 Syrian, Arab Republic

EIGHTH GRADE

Coverage and Exclusions

e Coverage is 100%
¢ School-level exclusions consisted of small classes (small schools) because
of changes in the school system

Sample Design

e Explicit stratification by urbanization (rural, urban), for a total of two
explicit strata

e Implicit stratification by school type (public, private, UNRWA) and
gender (girls, boys, mixed), for a total of 16 implicit strata

Exhibit B.49.1 Allocation of School Sample in Syrian, Arab Republic - Eighth Grade

. Participating Schools Non-
.. Total Sampled Ineligible e
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Rural 73 0 61 7 1 4
Urban 77 0 60 4 1 12
Total 150 0 121 11 2 16

B.50 Tunisia

FOURTH GRADE

Coverage and Exclusions

e Coverage is 100%
¢ School-level exclusions consisted of private schools, special education
schools, and very small schools (less than eight eligible students)

Sample Design
e No explicit stratification

e Implicit stratification by school type (communal, non-communal) and
governates (24 provinces), for a total of 46 implicit strata
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Exhibit B.50.1 Allocation of School Sample in Tunisia -

Fourth Grade

. Total Sampled Ineligible
Explicit Stratum Schools Schools
Tunisia 150 0
Total 150 0

EIGHTH GRADE

Coverage and Exclusions
e Coverage is 100%

Participating Schools

samoled 1st 2nd
P Replacement ~ Replacement
150 0 0
150 0 0

Non-
Participating
Schools

e School-level exclusions consisted of private schools and special education

schools

Sample Design
e No explicit stratification

e Implicit stratification by performance (high, low, unknown) and
governates (24 provinces), for a total of 63 implicit strata

Exhibit B.50.2 Allocation of School Sample in Tunisia -

Eighth Grade

. Total Sampled Ineligible
Explicit Stratum Schools Schools
Tunisia 150 0
Total 150 0

B.51 United States

FOURTH GRADE

Coverage and Exclusions
e Coverage is 100%

Participating Schools

samoled 1st 2nd
P Replacement ~ Replacement
150 0 0
150 0 0

e There were no reported school-level exclusions

Sample Design

Non-
Participating
Schools

e Explicit stratification by poverty (high, low), for a total of two explicit

strata
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e Implicit stratification by school type (public, private), region (four
regions), urbanization (eight levels), and minority status (above 15%,
below 15%), for a total of 192 implicit strata

e Small schools were sampled with probabilities proportional to size

Exhibit B.51.1 Allocation of School Sample in the United States- Fourth Grade

. Participating Schools Non-
.. Total Sampled Ineligible e
Explicit Stratum sch Participating
chools Schools 1st 2nd school
Sampled chools
Replacement Replacement
High Poverty 120 3 85 1 16 15
Low Poverty 190 7 127 3 16 37
Total 310 10 212 4 32 52
EIGHTH GRADE
Coverage and Exclusions
e Coverage is 100%
e There were no reported school-level exclusions
Sample Design
e No explicit stratification
e Implicit stratification by school type (public, private), region (four
regions), urbanization (eight levels), and minority status (above 15%,
below 15%), for a total of 128 implicit strata
e Small schools were sampled with probabilities proportional to size
Exhibit B.51.2 Allocation of School Sample in the United States— Eighth Grade
Participating Schools -
.. Total Sampled Ineligible pating !\I9n .
Explicit Stratum sch Participating
chools Schools 1st 2nd School
Sampled chools
Replacement Replacement
United States 301 5 21 3 18 64
Total 301 5 21 3 18 64
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B.52 Yemen

FOURTH GRADE

Coverage and Exclusions

e Coverage is 100%
e School level exclusions consisted of very small schools (less than 13
eligible students)

Sample Design

e Explicit stratification by urbanization (rural, urban), for a total of two
explicit strata

e Implicit stratification by school type (public, private, national) and
gender (girls, boys, mixed), for a total of 13 implicit strata

Exhibit B.52.1 Allocation of School Sample in Yemen - Fourth Grade

. Participating Schools Non-
- Total Sampled Ineligible s
Explicit Stratum Participating
Schools Schools 1st 2nd
Sampled Schools
Replacement Replacement
Rural 103 0 103 0 0 0
Urban 47 0 47 0 0 0
Total 150 0 150 0 0 0
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Appendix C

Country Adaptations to Items and
[tem Scoring

C.1 Fourth Grade

C.1.1 Items to be deleted

ALL COUNTRIES
M11_04, M14_04 Mathematics (faulty distracters)
S02_08, S08_06 Science (faulty distracters)

ARMENIA
S01_03, S01_04 Science (negative discrimination)

CYPRUS
S01_04 Science (poor discrimination)

HUNGARY

MO04_11 Mathematics (not administered)
MO07_08 Mathematics (negative discrimination)
M14_06 Mathematics (printing error)

S10_02 Science (printing error)

IRAN
S05_06 Science (printing error)

LITHUANIA
M12_06C Mathematics (printing error)
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MOLDOVA
S08_08, S10_02 Science (negative discrimination)

MOLDOVA (Russian only)

MO09_04 Mathematics (negative discrimination)

S03_02, S13_06, S14_04 Science (negative discrimination)
MOROCCO

M11_10 Mathematics (poor discrimination)

S04_01 Science (printing error)

NETHERLANDS

MO04_06 Mathematics (scorer reliability less than 70%)
S13_03 Science (scorer reliability less than 70%)

SLOVENIA

MO03_06 Mathematics (Slovenia administered a different item than the Inter-
national version)

TUNISIA
S05_06 Science (printing error)

S07_10 Science (poor discrimination)

YEMEN
MO03_08 Mathematics (printing error)

S07_10 Science (translation error)

C.1.2. Items needing options changed

MOLDOVA (Russian only)
MO08_05 Mathematics (printing error, recode D to B and B to D)

C.1.3 Constructed-response items needing category recoding

ALL COUNTRIES
M11_12 Mathematics (recode 20 to 10, 10 to 71)

S08_08 Science (recode 20 to 10, 10 to 73, 11 to 74, 12 to 75)
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C.2 GRADES8

C.2.1 Items to be deleted

BAHRAIN
S05_08 Science (negative discrimination)

BOTSWANA
S02_01, S05_01, S11_09 Science (negative discrimination)

CANADA - ONTARIO AND QUEBEC (French only)
MO05_07 Mathematics (printing error)

EGYPT
MO1_12 Mathematics (Booklets 1 and Booklet 12 for Arabic version only)

MO04_12 Mathematics (all Booklets for French version only)
S07_10, S09_13 Science (negative discrimination)
S08_10A, S08_10B Science (Booklets 2 for Arabic version only)

S14_01 Science (all Booklets for Arabic version only)

GHANA

MO1_01 Mathematics (data moved from M01_01 to M01_02 in Booklet 6
and Booklet 12)

MO01_02 Mathematics (Booklet 6 and Booklet 12)

MO1_05, M01_12, MO1_14, M02_06, M02_07, M02_12, M02_14, M02_15,
MO03_13, M04_01, M05_09, M06_13, M07_02, M07_10, M08_02, M08_05,
MO08_07, M08_09, M09_05, M10_02, M10_03, M10_04, M10_05, M11_02,
M11_05, M11_06, M11_10, M11_12, M12_04, M12_05, M12_09, M12_10,
M13_02, M13_09, M13_10, M13_11, M14 01, M14_03, M14_09 Mathematics
(printing error)

M10_07, M10_08, M10_09 Mathematics (printing error in Booklet 6 only)
M12_03 Mathematics (not administered)

S01_03, S09_03 Science (printing error)

S14_01 Science (negative discrimination)

HUNGARY
MO07_01 Mathematics (printing error)
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INDONESIA
MO02_04 Mathematics (negative discrimination)

S11_09 Science (negative discrimination)

ITALY
MO06_10 Mathematics (printing error with fractions)

JORDAN

MO08_06, M09_01 Mathematics (translation error)

M14_05 Mathematics (poor discrimination)

M14_08 Mathematics (negative discrimination)

S05_08, S07_08, S09_05, S09_06 Science (translation error)

KOREA
S02_11 Science (printing error)

LATVIA

MO04_11A Mathematics (printing error)

M11_03 Mathematics (scorer reliability less than 70%)
M14_01 Mathematics (poor discrimination)

LITHUANIA
S14_09 Science (scorer reliability less than 70%)

LEBANON
MO1_06 Mathematics (negative discrimination)

MACEDONIA

M14_05 Mathematics (negative discrimination)
S01_10 Science (negative discrimination)
S05_02 Science (translation error)

MOLDOVA
MO06_10 (negative discrimination)

MOROCCO
MO03_01, M03_05 Mathematics (printing error)
S01_08, S04_10 Science (negative discrimination)

S01_12 Science (translation error)
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NETHERLANDS
S11_05 Science (negative discrimination)

PALESTINIAN NATIONAL AUTHORITY
M14_08 Mathematics (negative discrimination)

S01_06, S01_16, SO5_08, S09_05, S09_06 Science (negative discrimination)
S07_08 Science (translation error)

ROMANIA
M12_11 Mathematics (printing error)

SAUDI ARABIA
M13_06 Mathematics (negative discrimination)

M13_07 Mathematics (poor discrimination)

S01_08, S05_08 Science (negative discrimination)

SLOVAK REPUBLIC
MO06_12 Mathematics (printing error in Booklets 2, 5, and 6)

M12_13A Mathematics (negative discrimination)
S11_01 Science (printing error)

SLOVENIA
S14_08B, S14_09 Science (scorer reliability less than 70%)

TUNISIA
MO03_05, M03_10, M08_06 Mathematics (translation error)

S04_10, S13_01 Science (negative discrimination)

C 2.2. Constructed-response items needing category recoding

ALL COUNTRIES

MO07_05, M13_04 Mathematics (recode 20 to 10, 10 to 70)

S07_11, S08_10B, S09_03 Science (recode 20 to 10, 10 to 12, 29 to 19)

S10_06 Science (recode 20 to 10, 21 to 11, 22to 12, 29t0 19, 10to 71, 11
to 72, 19 to 79)

S13_10 Science (recode 20 to 10, 29 to 19, 10 to 70, 70 to 71, 71 to 72, 19 to 79)
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Item Parameters for IRT Analyses of
TIMSS 2003 Data
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.1  IRT Parameters for TIMSS Joint 1999-2003 Eighth-Grade Mathematics

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (aj) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)
M012001 1.466 0.025 0.030 0.011 0.154 0.005
M012002 0.585 0.013  -1.304 0.053 0.000 0.021
M012003 0.911 0.016  -0.197 0.017 0.073 0.007
M012004 1.139 0.030 0.643 0.017 0.319 0.006
M012005 0.662 0.016  -0.315 0.038 0171 0.013
M012006 0.583 0.017  -0.998 0.073 0.248 0.023
M012007 0.837 0.031 0.020 0.040 0.234 0.014
M012008 0.493 0.021  -0.945 0.113 0.137 0.035
M012009 0.893 0.037 0.332 0.038 0.324 0.012
M012010 1.335 0.028 0.191 0.012 0.027 0.004
M012011 1.016 0.028  -0.156 0.025 0.123 0.011
M012012 1.412 0.037 -0.385 0.019 0.152 0.001
M012013 1.231 0.035 0.136 0.020 0.193 0.009
M012014 0.864 0.027  -0.777 0.045 0.205 0.019
M012015 0.868 0.021  -0.545 0.028 0.058 0.012
M012016 1.369 0.064 0.891 0.024 0.409 0.007
M012017 0.733 0.024 0.077 0.036 0.127 0.013
M012018 0.651 0.031  -0.302 0.077 0.241 0.025
M012019 0.717 0.027  -0.385 0.052 0121 0.019
M012020 1.197 0.051  -0.053 0.037 0.389 0.013
M012021 1.311 0.039 -0.235 0.022 0.134 0.011
M012022 0.634 0.044 0.953 0.058 0.282 0.016
M012023 0.623 0.027  -1.485 0.116 0.186 0.042
M012024 0.873 0.040  -0.045 0.052 0.338 0.017
M012025 0.706 0.021  -0.6M 0.047 0.106 0.018
M012026 1.108 0.032 0.260 0.021 0.167 0.009
M012027 1.235 0.038 0.231 0.021 0.234 0.009
M012028 1.013 0.027  -0.498 0.029 0.154 0.013
M012029 1.017 0.028 0.040 0.023 0.137 0.001
M012030 1.275 0.036 0.491 0.016 0.135 0.006
M012031 1.370 0.052 0.907 0.019 0.140 0.006
M012032 0.453 0.027  -0.000 0.114 0.149 0.031
M012033 1.093 0.043 0.089 0.034 0.287 0.013
M012034 0.644 0.029 0.419 0.047 0.123 0.016
M012035 1.563 0.051 0.389 0.017 0.158 0.007
M012036 0.817 0.041 0.712 0.039 0.243 0.013
M012037 0.562 0.030 0.600 0.060 0.226 0.017
M012038 0.983 0.035 -0.299 0.040 0.355 0.014
M012039 1.006 0.029 0.055 0.025 0.167 0.010
M012040 1.044 0.031  -0.416 0.032 0.236 0.014
M012041 1.046 0.027  -0.112 0.023 0.122 0.001
M012042 1.116 0.029 0.037 0.021 0.132 0.009
M012043 0.892 0.039 0.057 0.046 0.295 0.016
M012044 1.169 0.036  -0.405 0.029 0.160 0.014
M012045 0.829 0.028  -1.268 0.060 0.131 0.027
M012046 1.433 0.046 0.298 0.019 0.156 0.008
M012047 1.160 0.044 0.074 0.031 0.278 0.012
M012048 0.925 0.032  -0.617 0.045 0.190 0.019
M022002 1.627 0.082 1121 0.021 0.142 0.006
M022004 1.440 0.067 0.462 0.026 0.289 0.010
M022005 1.060 0.069 1.079 0.036 0.275 0.010
M022008 0.531 0.017 0.756 0.034 0.000 0.000
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.1  IRT Parameters for TIMSS Joint 1999-2003 Eighth-Grade Mathematics
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (aj) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)
M022010 0.790 0.031  -0.596 0.053 0.118 0.022
M022012 0.518 0.015  -0.567 0.029 0.000 0.000
M022016 0.986 0.059 1.078 0.034 0.204 0.010
M022021 1.579 0.059 0.387 0.019 0.141 0.008
M022022 1.536 0.096 0.632 0.031 0.183 0.012
M022026 0.860 0.031 0.054 0.027 0.000 0.000
M022030 1.053 0.037  -0.701 0.028 0.000 0.000
M022031 1.148 0.074 0.612 0.039 0.164 0.015
M022033 0.468 0.040 -0.407 0.182 0.159 0.050
M022037 0.819 0.055 0.001 0.071 0.185 0.026
M022038 0.706 0.053  -0.034 0.091 0.183 0.031
M022041 0.568 0.058 0.047 0.160 0.305 0.042
M022042 2.013 0.102 0.325 0.022 0.110 0.010
M022043 0.615 0.023 -0.839 0.068 0.086 0.025
M022046 0.705 0.018  -0.732 0.024 0.000 0.000
M022049 0.558 0.034  -0.121 0.104 0.288 0.028
M022050 0.841 0.035 0.831 0.028 0.102 0.009
M022055 1.186 0.024 0.370 0.013 0.000 0.000
M022057 0.405 0.027 -0.538 0.184 0.184 0.045
M022062 0.978 0.035 0.552 0.024 0.010 0.009
M022066 1.330 0.034 -0.234 0.017 0.053 0.008
M022070 0.726 0.039  -1.079 0.090 0.097 0.035
M022073 0.660 0.048 -0.400 0.117 0.196 0.039
M022078 0.832 0.064 0.456 0.068 0.231 0.023
M022079 0.677 0.037  -0.740 0.085 0.087 0.031
M022083 1.229 0.085 0.967 0.036 0.145 0.012
M022085 1.038 0.064 0.587 0.041 0.130 0.015
M022089 0.920 0.032 0.093 0.026 0.000 0.000
M022093 1.299 0.092 0.486 0.045 0.299 0.017
M022097 0.979 0.029 -0.382 0.029 0.086 0.012
M022101 0.721 0.029 -0.549 0.062 0.183 0.023
M022104 0.833 0.026 -0.674 0.040 0.086 0.017
M022105 0.555 0.027 0.540 0.052 0.086 0.017
M022106 0.878 0.019 0.551 0.017 0.000 0.000
M022108 0.791 0.031 -0.112 0.046 0.182 0.017
M022110 0.407 0.014 0.018 0.034 0.000 0.000
M022113 0.758 0.044  -0.813 0.092 0.137 0.036
M022116 0.965 0.063 0.655 0.046 0.141 0.016
M022118 1.013 0.034  -0.195 0.025 0.000 0.000
M022121 1.503 0.094 0.123 0.041 0.290 0.018
M022124 0.604 0.038  -0.338 0.097 0.101 0.032
M022126 1.341 0.127 1.155 0.045 0.311 0.013
M022127 1.330 0.076 1.157 0.027 0.182 0.008
M022128 1.036 0.082 1.056 0.045 0.173 0.014
M022132 1.209 0.040 -0.001 0.022 0.000 0.000
M022135 0.701 0.030 0.702 0.033 0.044 0.010
M022139 1.236 0.059 0.945 0.025 0.157 0.008
M022142 1.244 0.051 0.370 0.025 0.185 0.010
M022144 0.660 0.043 0.653 0.060 0.222 0.019
M022146 1.570 0.057 0.026 0.021 0.183 0.010
M022148 0.967 0.022 -0.131 0.017 0.000 0.000
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.1  IRT Parameters for TIMSS Joint 1999-2003 Eighth-Grade Mathematics
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (aj) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)

M022154 0.830 0.039 0.224 0.044 0.182 0.016

M022156 1.195 0.027 0.079 0.014 0.000 0.000

M022159 1.506 0.113 1.244 0.034 0.1 0.008

M022160 1.557 0.117 0.939 0.034 0.21 0.011

M022165 1.1M 0.075 0.112 0.055 0.279 0.021

M022166 1.140 0.066 0.230 0.041 0.153 0.017

M022168 0.620 0.052 0.734 0.077 0.125 0.024

M022169 0.871 0.057  -0.295 0.076 0.218 0.030

M022172 0.999 0.066 0.155 0.056 0.219 0.022

M022173 1.458 0.100 0.562 0.037 0.251 0.014

M022176 0.673 0.059  -0.486 0.153 0.344 0.045

M022178 1.045 0.037 0.307 0.025 0.000 0.000

M022181 1.064 0.039 -0.838 0.046 0.278 0.020

M022185 0.858 0.041 0.050 0.048 0.233 0.018

M022188 0.755 0.048 0.830 0.049 0.241 0.015

M022189 0.822 0.030 -0.768 0.051 0.104 0.021

M022191 0.801 0.036  -0.272 0.056 0.202 0.021

M022194 0.819 0.038 0.181 0.044 0.173 0.016

M022196 1.217 0.038  -0.357 0.024 0.082 0.011

M022198 1.163 0.057 0.652 0.029 0.234 0.010

M022199 1.352 0.059 0.510 0.025 0.21 0.001

M022202 0.713 0.019 0.660 0.025 0.000 0.000

M022204 0.486 0.036  -1.574 0.225 0.178 0.067

M022206 1.707 0.144 0.737 0.039 0.378 0.013

M022207 1.017 0.046 0.080 0.040 0.198 0.016

M022208 0.680 0.050 0.118 0.085 0.156 0.029

M022210 1.276 0.071 0.538 0.032 0.101 0.012

M022213 0.803 0.051 0.335 0.055 0.109 0.020

M022219 1.005 0.036 0.620 0.028 0.000 0.000

M022222 0.994 0.034 -0.034 0.025 0.000 0.000

MO022227A  1.038 0.024 -0.444 0.017 0.000 0.000

MO022227B  1.362 0.032 0.402 0.014 0.000 0.000

MO022227C  1.256 0.032 0.803 0.017 0.000 0.000

M022228 0.641 0.01 0.41 0.016 0.000 0.000 -1.738 0.053 1.738 0.055

MO022231A  1.309 0.034 0.775 0.017 0.000 0.000

MO022231B  1.542 0.049 1.329 0.021 0.000 0.000

M022232 0.521 0.008 1.498 0.020 0.000 0.000  -2.520 0.060 2.520 0.065

MO022234A  0.742 0.001 0.612 0.011 0.000 0.000 -0.632 0.023 0.632 0.025

M022234B  0.815 0.01 0.925 0.011 0.000 0.000  -1.549 0.038 1.549 0.040

MO022237 0.941 0.023 0.270 0.019 0.000 0.000

M022241 1.160 0.046 0.380 0.026 0.118 0.011

M022243 1.080 0.019 0.306 0.012 0.000 0.000

M022244 1.176 0.029 0.049 0.016 0.000 0.000

M022245 0.661 0.040 -1.141 0.118 0.132 0.044

M022246 0.680 0.047 0.057 0.081 0.133 0.028

M022249 1.136 0.073 0.566 0.042 0.185 0.016

M022251 0.826 0.053 1.272 0.040 0.158 0.010

M022252 1.163 0.051  -0.020 0.036 0.285 0.015

M022253 1.118 0.025 -0.192 0.015 0.000 0.000

M022256 0.666 0.014 0.548 0.017 0.000 0.000 0.019 0.028 -0.019 0.032

M022257 1.334 0.050 0.366 0.022 0.226 0.009
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.1  IRT Parameters for TIMSS Joint 1999-2003 Eighth-Grade Mathematics
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (aj) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)

M022258 0.717 0.051 0.023 0.085 0.168 0.030

M022260  0.996 0.060  -1.049 0.083 0.203 0.038

M022261A  1.105 0.025 0.222 0.015 0.000  0.000

M022261B  1.175 0.029 0.717 0.017 0.000  0.000

M022261C  0.706 0.013 1.001 0.017 0.000  0.000 -2.048  0.064 2.048 0.067

M022262A  0.961 0.024  -0.616 0.021 0.000  0.000

M022262B  0.955 0.024  -0.218 0.019 0.000  0.000

M022262C  0.614 0.011 0.553 0.017 0.000  0.000 -1.662 0.054 1.662 0.056

M032036 1.081 0.084 0.141 0.057 0.190 0.024

M032044 1.104 0.068 0.531 0.041 0.231 0.015

M032046 1.204 0.077 1.071 0.034 0.140 0.001

M032047 1.337 0.182 1.104 0.067 0.441 0.017

M032064 1.229 0.053 0.504 0.028 0.000  0.000

M032079 0.997 0.071 1.005 0.043 0.184 0.013

M032094 1.196 0.092  -0.016 0.062 0.270 0.026

M032097 1.187 0.127 1.244 0.054 0.185 0.015

M032100 0.730 0.050 0.002 0.072 0.082 0.025

M032116 0.842 0.080 0.607 0.074 0.202 0.025

M032132 0.542 0.053 0.216 0.131 0.138 0.039

M032142 1.204 0.138 0.857 0.066 0.366 0.019

M032160 1.760 0.161 1.127 0.036 0.152 0.011

M032163 1.304 0.101 0.415 0.047 0.21 0.019

M032166 0.957 0.076  -0.181 0.078 0.216 0.031

M032198 0.786 0.060 0.199 0.073 0.121 0.027

M032205 0.519 0.047  -0.278 0.158 0.139 0.047

M032208 1.317 0.076 0.377 0.036 0.255 0.014

M032210 1.453 0.084 0.643 0.030 0.212 0.012

M032228 1.175 0.061 0.136 0.038 0.191 0.016

M032233 0.948 0.033 1.000 0.028 0.000  0.000 -0.586 0.052 0.586 0.062

M032261 0.871 0.054 0.454 0.049 0173 0.018

M032271 1.352 0.077 0.360 0.034 0.246 0.014

M032273 1.095 0.087  -0.232 0.076 0.296 0.030

M032294 0.793 0.056  -0.430 0.088 0.132 0.033

M032295 1.220 0.086 -0.694 0.070 0.237 0.034

M032307 1.339 0.034 0.761 0.017 0.000  0.000

M032324 1.062 0.081 0.546 0.049 0.138 0.018

M032331 1.823 0.186 1.209 0.039 0.196 0.011

M032344 1.140 0.048 0.362 0.028 0.000  0.000

M032352 1.248 0.120 0.416 0.064 0.376 0.022

M032381 0.904 0.039 0.104 0.033 0.000  0.000

M032397 1.149 0.099 0.660 0.052 0.21 0.019

M032398 1.557 0.145 0.806  0.044 0.280 0.016

M032402 0.686 0.074 0.654 0.098 0.206 0.031

M032403 0.936 0.029 -0.318 0.023 0.000  0.000

M032414 1.106 0.048 0.472 0.030 0.000  0.000

M032416 1.086 0.070 0.612 0.039 0.058 0.012

M032419 1.21 0.113 0.717 0.054 0.267 0.019

M032424 0.939 0.071 0.258 0.062 0.154 0.024

M032447 1.237 0.097 0.391 0.047 0.189 0.019

M032477 1.188 0.087 0.290 0.050 0.180 0.020

M032489  0.858 0.051  -0.697 0.086 0.262 0.033
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.1  IRT Parameters for TIMSS Joint 1999-2003 Eighth-Grade Mathematics
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (aj) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)

M032507 1.685 0.148 0.989 0.037 0.173 0.012

M032523 1.747 0.088 0.950 0.021 0.161 0.007

M032525 0.902 0.046  -0.097 0.051 0.139 0.021

M032529 1.414 0.106 0.754 0.037 0.132 0.013

M032533 1.315 0.065 0.157 0.032 0.176 0.014

M032538 1.135 0.047 0.063 0.028 0.000 0.000

M032540 0.675 0.062  -0.209 0.131 0.224 0.042

M032545 1.040 0.033 0.714 0.024 0.000 0.000

M032557 1.102 0.035 0.787 0.024 0.000 0.000

M032570 1.434 0.088 0.289 0.038 0.334 0.015

M032575 2.152 0.166 0.463 0.031 0.236 0.015

M032579 1.089 0.041  -0.335 0.034 0.129 0.016

M032588 0.781 0.047  -0.174 0.074 0.200 0.027

M032595 1.149 0.077 0.022 0.048 0.118 0.021

M032609 0.799 0.054  -0.707 0.088 0.114 0.035

M032612 0.887 0.054 0.655 0.043 0.133 0.015

M032623 1.526 0.102 0.492 0.033 0.117 0.013

M032626 0.719 0.054 0.126 0.073 0.086 0.026

MO032637A  0.919 0.039 -0.484 0.035 0.000 0.000

MO032637B  1.283 0.052  -0.253 0.026 0.000 0.000

MO032637C  1.204 0.050 0.226 0.027 0.000 0.000

M032640 0.530 0.021 1.506 0.055 0.000 0.000 -0.861 0.078 0.861 0.101

M032643 1.133 0.064 0.539 0.036 0.170 0.014

M032647 0.857 0.095 1.342 0.067 0.334 0.016

MO032649A  0.949 0.029 0.258 0.023 0.000 0.000

M032649B  1.174 0.040 1.009 0.026 0.000 0.000

M032652 1.240 0.040 0.797 0.022 0.000 0.000

M032662 1.326 0.126 1.352 0.047 0.099 0.010

M032670 0.750 0.051 -1.667 0.130 0.130 0.052

MO032671 0.779 0.025 -0.804 0.031 0.000 0.000

M032673 1.380 0.103 0.336 0.042 0.184 0.018

M032678 1.469 0.060 0.213 0.022 0.066 0.009

M032679 0.972 0.075 0.046 0.069 0.199 0.027

MO032681A  0.598 0.031  -0.793 0.054 0.000 0.000

MO032681B  0.475 0.029 0.844 0.070 0.000 0.000

MO032681C  0.958 0.042 0.435 0.033 0.000 0.000

M032683 0.560 0.018 0.628 0.032 0.000 0.000 -1.006 0.072 1.006 0.078

M032688 0.744 0.036 0.584 0.042 0.000 0.000

M032689 0.662 0.069 1.012 0.084 0.296 0.023

M032690 0.814 0.080 0.71 0.070 0.163 0.023

M032691 0.783 0.021 0.102 0.021 0.000 0.000

M032692 0.687 0.022 0.835 0.030 0.000 0.000  -1.287 0.077 1.287 0.085

M032693 0.674 0.024 0.505 0.032 0.000 0.000

M032695 0.494 0.015  -0.519 0.034 0.000 0.000 -1.239 0.086 1.239 0.081

M032698 1.019 0.073 0.282 0.054 0.125 0.021

M032699 0.639 0.048  -0.846 0.163 0.332 0.048

M032701 0.897 0.046  -1.480 0.087 0.150 0.040

M032704 0.993 0.053  -0.307 0.054 0.196 0.023

M032721 0.704 0.108 1.288 0.109 0.260 0.026

M032725 1.091 0.049 0.700 0.033 0.000 0.000

M032727 1.412 0.111 0.379 0.043 0.217 0.018
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.1  IRT Parameters for TIMSS Joint 1999-2003 Eighth-Grade Mathematics
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (aj) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)

M032728 1.363 0.132 0.754 0.048 0.258 0.017

M032732 0.881 0.081 0.086 0.087 0.260 0.032

M032734 0.660 0.032 -0.742 0.048 0.000 0.000

M032738 1.160 0.085 -0.378 0.069 0.253 0.030

M032743 0.575 0.030 -0.288 0.047 0.000 0.000

M032744 0.826 0.039 0.402 0.037 0.000 0.000

M032745 0.499 0.025 2.207 0.104 0.000 0.000 -1.288 0.110 1.288 0.157

M032753A  1.066 0.035 0.648 0.021 0.000 0.000 -0.250 0.039 0.250 0.044

M032753B  1.089 0.039 0.820 0.023 0.000 0.000 -0.016 0.035 0.016 0.043

M032753C  0.851 0.038 0.342 0.035 0.000 0.000

M032754 0.695 0.034 -0.803 0.047 0.000 0.000

M032755 1.038 0.038 1.116 0.027 0.000 0.000 -0.237 0.043 0.237 0.054

M032756 0.685 0.033 0.140 0.040 0.000 0.000

M032757 0.465 0.014  -0.402 0.033 0.000 0.000 -2.368 0.118 2.368 0.115

MO032760A  0.772 0.023 0.554 0.025 0.000 0.000 -1.484 0.082 1.484 0.085

M032760B  1.232 0.059 0.918 0.035 0.000 0.000

M032760C  1.463 0.077 1.157 0.036 0.000 0.000

M032761 1.297 0.053 1.131 0.025 0.000 0.000 -0.134 0.037 0.134 0.048

M032762 0.365 0.009 1.097 0.037 0.000 0.000 -2.628 0.096 2.628 0.104

M032763 0.839 0.024 1.590 0.030 0.000 0.000 -0.694 0.047 0.694 0.061

M032764 0.842 0.025 1.460 0.028 0.000 0.000 -0.313 0.037 0.313 0.051

MC22046 0.820 0.038  -0.934 0.043 0.000 0.000

MC22110 0.509 0.029 -1.382 0.077 0.000 0.000

MC32525 1.036 0.069 -0.284 0.062 0.146 0.027

M(C32701 1.147 0.080  -1.537 0.089 0.163 0.046

MC32704 1.159 0.082  -0.439 0.066 0.210 0.030

MF12001 1.608 0.101 0.017 0.036 0.142 0.017

MF12002 0.715 0.045 -0.760 0.088 0.083 0.032

MF12003 1.062 0.058  -0.137 0.042 0.054 0.016

MF12004 1.155 0.095 0.51 0.053 0.218 0.020

MF12005 0.793 0.053  -0.163 0.070 0.090 0.026

MF12006 0.757 0.055 -0.453 0.096 0.138 0.036

MF12013 0.967 0.059 0.049 0.050 0.077 0.019

MF12014 0.965 0.068  -0.522 0.081 0.190 0.034

MF12015 0.988 0.055  -0.245 0.047 0.056 0.018

MF12016 0.918 0.092 0.659 0.074 0.254 0.025

MF12017 0.857 0.056 0.213 0.054 0.070 0.019

MF12025 0.797 0.052  -0.381 0.075 0.094 0.029

MF12026 1.044 0.080 0.454 0.052 0.145 0.020

MF12027 1.383 0.098 0.254 0.043 0.182 0.019

MF12028 1.156 0.075 -0.081 0.051 0.139 0.023

MF12029 1.270 0.075 0.152 0.037 0.073 0.015

MF12030 1.277 0.087 0.529 0.038 0.104 0.014

MF12037 0.587 0.048 0.227 0.095 0.091 0.030

MF12038 1.017 0.068  -0.419 0.069 0.163 0.030

MF12039 1.069 0.072 0.165 0.050 0.123 0.020

MF12040 1.272 0.081  -0.277 0.050 0.152 0.023

MF12041 1.355 0.080 0.090 0.036 0.090 0.016

MF12042 1.532 0.091 0.170 0.032 0.092 0.014

MF22002 1.298 0.120 1.267 0.047 0.108 0.01

MF22004 1.197 0.114 0.625 0.058 0.300 0.021
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.1  IRT Parameters for TIMSS Joint 1999-2003 Eighth-Grade Mathematics
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (aj) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)
MF22005 0.897 0.19 1.276 0.082 0.271 0.021
MF22008 0.688 0.037 1.028 0.057 0.000 0.000
MF22010 0.897 0.063  -0.120 0.069 0.131 0.028
MF22012 0.785 0.036  -0.053 0.036 0.000 0.000
MF22016 0.747 0.073 1.031 0.070 0.107 0.020
MF22021 1.762 0.134 0.643 0.033 0.177 0.014
MF22043 0.677 0.044  -0.640 0.093 0.087 0.032
MF22046 0.722 0.033  -0.621 0.043 0.000 0.000
MF22049 0.542 0.051  -0.366 0.167 0.170 0.050
MF22050 0.667 0.064 0.930 0.075 0.095 0.022
MF22055 1.181 0.050 0.422 0.028 0.000 0.000
MF22057 0.510 0.049  -0.428 0.184 0.167 0.053
MF22062 1.113 0.083 0.71 0.044 0.108 0.015
MF22066 1.259 0.067 -0.046 0.035 0.052 0.013
MF22097 1.095 0.067 -0.482 0.057 0.116 0.026
MF22101 0.855 0.058  -0.596 0.085 0.138 0.035
MF22104 0.853 0.052 -0.532 0.069 0.086 0.028
MF22105 0.593 0.051 0.611 0.084 0.080 0.025
MF22106 0.981 0.044 0.590 0.034 0.000 0.000
MF22108 0.851 0.055 -0.233 0.066 0.093 0.026
MF22110 0.507 0.028 -0.013 0.051 0.000 0.000
MF22127 1.529 0.150 1.355 0.045 0.112 0.001
MF22135 0.731 0.056 0.925 0.058 0.043 0.014
MF22139 1.274 0.104 0.949 0.041 0.115 0.013
MF22142 1.401 0.090 0.426 0.035 0.099 0.014
MF22144 0.688 0.063 0.564 0.081 0.116 0.027
MF22146 1.186 0.068 0.328 0.035 0.050 0.012
MF22148 1.232 0.051 0.244 0.026 0.000 0.000
MF22154 1.176 0.086 0.461 0.046 0.145 0.018
MF22156 1.490 0.062 0.341 0.023 0.000 0.000
MF22181 1.131 0.070  -0.737 0.061 0.126 0.030
MF22185 0.907 0.067 0.010 0.067 0.153 0.026
MF22188 0.702 0.066 0.741 0.076 0.124 0.025
MF22189 1.022 0.062  -0.310 0.055 0.096 0.023
MF22191 1.012 0.062  -0.021 0.050 0.086 0.020
MF22194 0.956 0.069 0.348 0.054 0.117 0.020
MF22196 1.630 0.092 0.052 0.030 0.078 0.013
MF22198 1.052 0.084 0.729 0.049 0.131 0.017
MF22199 1.323 0.091 0.609 0.037 0.106 0.014
MF22202 0.856 0.042 0.874 0.043 0.000 0.000
MF22227A  1.186 0.050 0.144 0.027 0.000 0.000
MF22227B  1.641 0.072 0.645 0.024 0.000 0.000
MF22227C  1.401 0.068 1.043 0.033 0.000 0.000
MF22232 0.542 0.021 1.653 0.054 0.000 0.000 -2.536 0.153 2.536 0.167
MF22234A  0.916 0.030 0.771 0.024 0.000 0.000 -0.432 0.046 0.432 0.052
MF22234B  0.972 0.033 1.044 0.025 0.000 0.000 -1.169 0.076 1.169 0.081
MF22243 1.206 0.052 0.503 0.028 0.000 0.000
MF22251 0.977 0.1 1.379 0.067 0.157 0.016
MF22252 1.125 0.083 0.150 0.054 0.182 0.023
MF22253 1.373 0.056 0.165 0.024 0.000 0.000
MF22257 1.343 0.102 0.456 0.044 0.202 0.018
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.1  IRT Parameters for TIMSS Joint 1999-2003 Eighth-Grade Mathematics
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (aj) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)

MF22261A  1.326 0.057 0.578 0.027 0.000  0.000

MF22261B  1.615 0.076 0.941 0.028 0.000  0.000

MF22261C  0.950 0.035 1.184 0.028 0.000  0.000 -1.538 0.104 1.538 0.109

MF32036 1.016 0.079 0.395 0.057 0173 0.021

MF32047 1.548 0.202 1.069 0.056 0.380 0.015

MF32064 1.645 0.071 0.348 0.022 0.000  0.000

MF32094 1.310 0.087  -0.067 0.045 0.159 0.021

MF32097 1.117 0.125 1.303 0.060 0.169 0.014

MF32100 0.953 0.072 0.350 0.054 0.121 0.021

MF32116 1.114 0.101 0.601 0.054 0.216 0.020

MF32132 0.773 0.072 0.752 0.066 0.116 0.022

MF32142 2.347 0.262 0.856 0.039 0.359 0.014

MF32160 1.847 0.154 0.999 0.032 0.121 0.001

MF32163 1.518 0.146 0.939  0.044 0.230 0.014

MF32166 1.022 0.075  -0.070 0.066 0.187 0.027

MF32198 0.885 0.066 0.218 0.063 0.124 0.024

MF32205 0.556 0.067 0.612 0.135 0.195 0.039

MF32233 1.016 0.037 1.210 0.029 0.000  0.000 -0.541 0.053 0.541 0.063

MF32273 1.162 0.083  -0.294 0.064 0.228 0.028
MF32294 1.239 0.087 0.059 0.050 0.182 0.021
MF32295 1.124 0.067  -0.756 0.058 0.110 0.028
MF32307 1.279 0.057 0.786 0.030 0.000  0.000
MF32324 1.430 0.110 0.771 0.036 0.116 0.012
MF32331 1.947 0.235 1.322 0.044 0.196 0.0M
MF32344 1.368 0.058 0.379 0.025 0.000  0.000
MF32352 1.292 0.118 0.253 0.060 0.350 0.022
MF32381 1.009 0.043 0.147 0.030 0.000  0.000
MF32397 1.401 0.119 0.734 0.041 0.180 0.015
MF32398 1.614 0.148 0.762 0.040 0.241 0.015
MF32402 0.940 0.099 0.798 0.066 0.228 0.022
MF32414 1.156 0.049 0.492 0.030 0.000  0.000
MF32416 1.118 0.074 0.574 0.040 0.071 0.013
MF32419 1.536 0.145 0.823 0.042 0.238 0.015
MF32424 0.976 0.078 0.470 0.054 0.138 0.020
MF32447 1.282 0.094 0.630 0.041 0.135 0.015
MF32477 1.567 0.121 0.528 0.037 0.183 0.015
MF32507 1.930 0.166  0.884 0.033 0.155 0.0M
MF32523 1.413 0.126 1.036 0.043 0.151 0.013
MF32525 1.080 0.066  -0.040 0.047 0.091 0.020
MF32529 1.700 0.148 0.893 0.037 0.185 0.012
MF32538 1.213 0.051 0.261 0.027 0.000  0.000
MF32540 0.897 0.085 0.193 0.088 0.296 0.030
MF32570 1.403 0.100 0.190  0.044 0.203 0.019
MF32575 1.818 0.138 0.429 0.035 0.219 0.015
MF32579 1.028 0.062  -0.135 0.050 0.087 0.021
MF32595 1.128 0.073 0.177 0.046 0.104 0.019
MF32609 0.963 0.057  -0.796 0.066 0.095 0.028
MF32623 1.715 0.115 0.429 0.030 0.119 0.013
MF32626 0.877 0.073 0.428 0.068 0.169 0.025
MF32637A  0.886 0.038  -0.024 0.033 0.000  0.000
MF32637B  1.054  0.044  -0.043 0.029 0.000  0.000
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.1  IRT Parameters for TIMSS Joint 1999-2003 Eighth-Grade Mathematics
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (aj) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)

MF32637C  1.076 0.046 0.409 0.031 0.000 0.000

MF32640 0.569 0.022 1.234 0.047 0.000 0.000 -0.587 0.067 0.587 0.086

MF32643 1.126 0.081 0.542 0.045 0.122 0.017

MF32662 1.756 0.165 1.230 0.039 0.094 0.009

MF32670 0.635 0.044  -0.981 0.19 0.109 0.041

MF32673 1.325 0.097 0.447 0.044 0.179 0.018

MF32679 0.954 0.072 0.115 0.061 0.149 0.024

MF32681A  0.541 0.030  -0.237 0.050 0.000 0.000

MF32681B  0.607 0.034 0.904 0.062 0.000 0.000

MF32681C  0.977 0.044 0.51 0.034 0.000 0.000

MF32683 0.579 0.018 0.565 0.031 0.000 0.000  -1.461 0.083 1.461 0.088

MF32688 0.878 0.041 0.765 0.041 0.000 0.000

MF32690 0.869 0.079 0.758 0.064 0.157 0.021

MF32691 0.902 0.040 0.306 0.033 0.000 0.000

MF32692 0.608 0.020 1.176 0.037 0.000 0.000  -1.551 0.093 1.551 0.103

MF32693 0.861 0.039 0.436 0.036 0.000 0.000

MF32695 0.517 0.016 0.215 0.031 0.000 0.000 -1.485 0.085 1.485 0.087

MF32698 1134 0.079 0.366 0.046 0.108 0.018

MF32701 1.095 0.060 -0.976 0.054 0.063 0.023

MF32704 1.118 0.072  -0.074 0.050 0.123 0.022

MF32721 0.608 0.095 1.404 0.123 0.244 0.030

MF32725 1.101 0.051 0.695 0.034 0.000 0.000

MF32727 1.432 0.096 0.361 0.037 0.133 0.015

MF32728 1.1M 0.111 1.080 0.055 0.191 0.016

MF32732 0.742 0.072 0.471 0.090 0.208 0.029

MF32734 0.809 0.037  -0.052 0.035 0.000 0.000

MF32738 1.086 0.074  -0.418 0.064 0.171 0.029

MF32743 0.603 0.030 0.105 0.045 0.000 0.000

MF32744 0.835 0.040 0.757 0.042 0.000 0.000

MF32745 0.579 0.029 2.309 0.095 0.000 0.000 -1.169 0.109 1.169 0.155

MF32753A  0.807 0.028 0.979 0.030 0.000 0.000 -0.504 0.053 0.504 0.064

MF32753B  0.885 0.033 1.132 0.032 0.000 0.000 -0.309 0.048 0.309 0.062

MF32753C  0.746 0.038 0.905 0.051 0.000 0.000

MF32754 0.710 0.033 -0.454 0.041 0.000 0.000

MF32755 0.956 0.038 1.320 0.034 0.000 0.000 -0.272 0.048 0.272 0.065

MF32756 0.556 0.032 0.792 0.062 0.000 0.000

MF32757 0.413 0.012  -0.107 0.036 0.000 0.000 -2.750 0.132 2.750 0.132

MF32760A  0.766 0.023 0.798 0.027 0.000 0.000 -1.360 0.080 1.360 0.084

MF32760B  1.383 0.070 1.214 0.036 0.000 0.000

MF32760C  1.859 0.104 1.340 0.031 0.000 0.000

MF32761 1.236 0.049 1.300 0.026 0.000 0.000 -0.312 0.045 0.312 0.054
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.2  IRT Parameters for TIMSS Joint 1999-2003 Eighth-Grade Science

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (aj) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)
$012001 0.587 0.016  -0.757 0.045 0.178 0.015
$012002 0.587 0.024  -0.014 0.051 0.332 0.014
S012003 1.006 0.021  -0.877 0.025 0.248 0.012
$012004 0.612 0.022  -0.308 0.052 0.332 0.015
$012005 0.748 0.024  -0.07 0.032 0.281 0.011
S012006 0.906 0.023  -0.115 0.022 0.222 0.009
S012007 1.149 0.055 -0.528 0.048 0.555 0.015
$012008 0.631 0.048 0.525 0.062 0.361 0.018
$012009 1.350 0.056 0.720 0.018 0.134 0.006
S012010 0.911 0.028 -1.818 0.050 0.162 0.021
S012011 0.789 0.061 0.917 0.044 0.323 0.012
S012012 1.072 0.068 -0.218 0.059 0.661 0.013
S012013 0.685 0.038 0.878 0.035 0.125 0.011
S012014 1.154 0.038  -0.724 0.035 0.330 0.016
S012015 0.852 0.030 -0.543 0.042 0.247 0.017
S012016 0.718 0.037  -0.570 0.076 0.443 0.021
S012017 1.528 0.055 0.306 0.016 0.240 0.008
S012018 0.508 0.036 0.079 0.097 0.342 0.024
S012019 0.728 0.035 0.295 0.036 0121 0.014
$012020 0.959 0.034  -0.759 0.041 0.207 0.018
S012021 1.233 0.055 0.524 0.021 0.149 0.008
$012022 0.668 0.034 -0.236 0.060 0.220 0.021
S012023 1.001 0.044  -0.402 0.043 0.320 0.017
S012024 0.872 0.038  -0.647 0.054 0.304 0.021
S012025 0.770 0.069 1.142 0.053 0.349 0.012
S012026 0.691 0.037  -0.593 0.084 0.473 0.021
S012027 0.769 0.021 -1.214 0.037 0.075 0.014
S012028 0.829 0.028  -0.046 0.027 0.113 0.011
S012029 0.687 0.048 0.390 0.058 0.398 0.016
$012030 0.678 0.035 0.234 0.045 0.211 0.016
S012031 1.008 0.044  -0.489 0.045 0.324 0.019
S012032 1.309 0.042  -0.506 0.025 0.178 0.014
S012033 0.491 0.030 -0.708 0.116 0.211 0.032
S012034 0.885 0.031  -0.712 0.041 0.159 0.018
S012035 0.963 0.035  -1.032 0.048 0.237 0.021
S012036 1.221 0.045  -0.432 0.031 0.253 0.015
S012037 0.672 0.027  -1.679 0.091 0.331 0.028
S012038 1.174 0.048 0.070 0.027 0.344 0.011
S012039 0.977 0.044  -0.382 0.048 0.465 0.015
$012040 1.668 0.060 0.247 0.016 0.286 0.008
S012041 0.607 0.035 0.209 0.058 0.264 0.018
S012042 0.977 0.047 0.310 0.031 0.307 0.012
$012043 0.908 0.039  -0.458 0.048 0.267 0.019
S012044 0.539 0.024  -1.601 0.104 0.138 0.032
$012045 1.344 0.062  -0.604 0.043 0.489 0.017
S012046 0.575 0.050 0.762 0.067 0.261 0.020
S012047 1.099 0.080 1.232 0.042 0.152 0.008
$012048 0.908 0.037 -0121 0.034 0.167 0.015
$022002 1.009 0.046 0.079 0.032 0.220 0.014
$022007 0.769 0.048  -0.579 0.075 0.134 0.030
$022009 0.937 0.063  -1.373 0.102 0.310 0.041
$022012 1.457 0.119 0.612 0.033 0.175 0.013
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.2  IRT Parameters for TIMSS Joint 1999-2003 Eighth-Grade Science
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (a]-) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)
5022014 0.382 0.045  -0.467 0.246 0.198 0.056
5022017 1.165 0.045 0.331 0.024 0.000 0.000
5022019 1.046 0.046  -0.446 0.043 0.330 0.018
5022022 0.761 0.019  -0.255 0.017 0.000 0.000
5022030 0.832 0.057  -0.712 0.089 0.213 0.037
5022035 0.351 0.015  -0.207 0.038 0.000 0.000
5022040 0.685 0.032 -0.542 0.060 0.151 0.022
5022041 0.816 0.033 -1.115 0.057 0.168 0.023
5022042 1.169 0.043  -0.095 0.025 0.167 0.012
5022043 0.978 0.044 0.621 0.035 0.000 0.000
5022048 0.973 0.045 0.631 0.034 0.000 0.000
5022049 0.874 0.036 0.131 0.027 0.000 0.000
5022054 1.053 0.047 0.062 0.030 0.226 0.014
5022058 0.820 0.052 -0.138 0.064 0.348 0.021
5022064 0.468 0.061 0.977 0.118 0.127 0.030
5022069 1.005 0.020 0.045 0.012 0.000 0.000
5022073 0.966 0.067 -0.724 0.081 0.296 0.034
5022074 1.168 0.059 0.113 0.031 0.253 0.014
5022078 1.204 0.025 -0.287 0.012 0.000 0.000
5022081 0.917 0.036  -0.818 0.030 0.000 0.000
5022082 1.393 0.120 0.859 0.038 0.117 0.011
5022086 1.035 0.026  -0.181 0.015 0.000 0.000
S022088A  0.865 0.019 -0.864 0.018 0.000 0.000
50220888  0.576 0.016  -0.213 0.020 0.000 0.000
5022090 0.600 0.021  -0.368 0.025 0.000 0.000 -0.133 0.050 0.133 0.046
5022094 0.722 0.072 0.842 0.066 0.107 0.019
5022099 0.763 0.076 0.410 0.071 0.213 0.026
5022106 0.752 0.053 1.159 0.048 0.093 0.010
5022115 0.991 0.039  -0.267 0.035 0.197 0.016
5022117 0.776 0.049 0.358 0.045 0.201 0.017
5022118 1.848 0.135 0.337 0.028 0.253 0.014
5022123 1.093 0.104 0.373 0.056 0.328 0.022
5022126 0.555 0.037 0.186 0.071 0.195 0.023
5022131 0.719 0.049  -0.861 0.101 0.190 0.038
$022132 1.227 0.127 0.783 0.046 0.225 0.015
5022137 1.197 0.099 0.531 0.040 0.200 0.017
5022140 0.827 0.033  -0.455 0.028 0.000 0.000
5022141 1.053 0.045 0.609 0.031 0.000 0.000
5022145 0.742 0.047  -0.297 0.066 0.105 0.026
5022150 0.955 0.045 0.134 0.033 0.212 0.014
5022152 1.063 0.026  -0.132 0.014 0.000 0.000
5022154 0.649 0.020 -0.682 0.025 0.000 0.000
5022157 1.079 0.096 0.373 0.049 0.249 0.020
$022158 147 0.044 0.003 0.021 0.000 0.000
5022160 0.670 0.021 0.398 0.026 0.000 0.000
5022161 0.607 0.020 0.213 0.026 0.000 0.000
S022165D  0.733 0.024 -0.343 0.020 0.000 0.000 0.049 0.037  -0.049 0.035
S022172A  0.735 0.024  -1.302 0.035 0.000 0.000
S022172B 0.588 0.022  -1.447 0.048 0.000 0.000
5022174 0.696 0.031 -0.191 0.031 0.000 0.000
5022178 1.186 0.082 0.142 0.041 0.190 0.020
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.2  IRT Parameters for TIMSS Joint 1999-2003 Eighth-Grade Science
(...Continued)
Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (aj) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)
$022181 0.978 0.053 0.379 0.032 0.238 0.013
$022183 1.347 0.069 0.574 0.022 0.221 0.009
$022187 0.597 0.043 0.631 0.054 0.132 0.018
$022188 1.239 0.110 0.752 0.039 0.436 0.011
$022191 0.661 0.013  -0.756 0.016 0.000 0.000 -0.259 0.031 0.259 0.027
$022194 1.008 0.084 0.537 0.044 0.148 0.017
$022198 1.452 0.104 0.814 0.029 0.269 0.009
$022202 0.787 0.052 0.441 0.044 0.206 0.017
5022206 0.752 0.054 0.592 0.046 0.199 0.016
5022208 1.150 0.070 0.597 0.029 0.284 0.011
$022213 0.835 0.041 0.764 0.045 0.000 0.000
S022217A  1.068 0.042 0.191 0.024 0.000 0.000
$022217D  0.71 0.025 0.440 0.025 0.000 0.000 -0.048 0.038 0.048 0.045
$022222 1.258 0.059 0.224 0.024 0.183 0.011
$022225 1.068 0.079 1.195 0.045 0.107 0.008
$022235 1.170 0.097 0.564 0.041 0.450 0.013
5022238 0.760 0.079 0.509 0.073 0.220 0.027
5022240 1.420 0.123 1.070 0.038 0.269 0.008
5022244 1.166 0.028 0.563 0.016 0.000 0.000
$022245 0.800 0.097 0.788 0.072 0.230 0.023
$022249D  0.828 0.019  -0.156 0.015 0.000 0.000
$022254 1.534 0.134 0.667 0.035 0.200 0.013
5022258 0.910 0.037 0.093 0.026 0.000 0.000
5022264 0.902 0.113 0.972 0.071 0.207 0.019
5022268 0.562 0.015 0.268 0.022 0.000 0.000
$022275 1.347 0.082 0.817 0.026 0.156 0.008
$022276 0.780 0.045 0.094 0.050 0.262 0.018
$022277D  0.547 0.019  -0.445 0.025 0.000 0.000 -0.092 0.050 0.092 0.046
$022278 1.166 0.074  -0.271 0.048 0.214 0.024
$022279 0.698 0.021 -0.178 0.020 0.000 0.000
5022280 1.868 0.135 0.181 0.030 0.292 0.015
$022281 0.557 0.019 0.740 0.035 0.000 0.000
$022282 1.030 0.048 1.566 0.060 0.000 0.000
$022283 0.876 0.023  -0.935 0.022 0.000 0.000
$022284 1.130 0.044 0.262 0.024 0.000 0.000
5022286 0.854 0.026 0.982 0.029 0.000 0.000
5022288 0.710 0.019 0.888 0.025 0.000 0.000 -0.299 0.030 0.299 0.041
5022289 0.818 0.014 0.430 0.011 0.000 0.000 0.669 0.014  -0.669 0.020
5022290 1.296 0.056 0.061 0.025 0.272 0.012
$022292 0.731 0.019  -0.088 0.017 0.000 0.000
$022293 1.181 0.102 0.562 0.042 0.214 0.017
$022294 1.147 0.055  -0.117 0.036 0.363 0.015
$022295 0.872 0.067  -0.126 0.069 0.216 0.028
$032007 0.877 0.044 0.045 0.033 0.000 0.000
5032008 0.952 0.071 -0.119 0.066 0.322 0.026
$032015 0.815 0.045 0.403 0.041 0.000 0.000
S032019A  1.032 0.061 0.841 0.050 0.000 0.000
S0320198B 1.196 0.087 1.314 0.076 0.000 0.000
$032024 1.058 0.152 0.901 0.073 0.252 0.021
$032035 1.203 0.054 0.050 0.026 0.144 0.013
$032055 0.989 0.064  -1.266 0.098 0.403 0.038
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.2  IRT Parameters for TIMSS Joint 1999-2003 Eighth-Grade Science
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (a]-) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)

5032056 0.841 0.044 0.117 0.035 0.000 0.000

5032057 1.284 0.046 0.558 0.022 0.000 0.000

5032060 0.733 0.039  -0.993 0.048 0.000 0.000

5032063 0.769 0.025 0.907 0.030 0.000 0.000 -0.148 0.032 0.148 0.047

5032083 0.850 0.076 0.888 0.052 0.108 0.015

5032087 0.610 0.099 0.937 0.122 0.214 0.033

S032115 1.240 0.091 0.052 0.041 0.122 0.020

S032120A  0.839 0.030 0.882 0.034 0.000 0.000

50321208 1.076 0.042 1177 0.039 0.000 0.000

5032122 0.618 0.040 0.647 0.063 0.000 0.000

5032126 0.610 0.035 -0.504 0.045 0.000 0.000

S032131 0.950 0.031  -0.574 0.022 0.000 0.000

S032141 1.559 0.154 0.598 0.039 0.187 0.016

5032150 0.594 0.049  -0.242 0.110 0.218 0.035

S032151 1.034 0.091 0.283 0.051 0.148 0.022

5032156 1.291 0.121 0.409 0.044 0.196 0.019

5032158 0.870 0.107 0.164 0.097 0.350 0.033

5032160 0.927 0.127 0.291 0.096 0.415 0.031

5032184 0.501 0.080 0.683 0.155 0.221 0.042

5032202 0.589 0.019 -0.441 0.021 0.000 0.000 0.278 0.039 -0.278 0.036

$032206 1.112 0.043 0.716 0.029 0.000 0.000

5032238 1.305 0.104 0.162 0.042 0.166 0.020

5032242 0.657 0.031 0.768 0.047 0.000 0.000

S032257 1.461 0.171 0.661 0.047 0.253 0.017

5032258 0.883 0.042  -0.423 0.049 0.175 0.021

5032272 0.899 0.056 1.007 0.063 0.000 0.000

5032273 0.680 0.152 1.447 0.184 0.264 0.028

S032279 0.766 0.107 0.958 0.090 0.163 0.024

5032281 1.368 0.076  -0.212 0.037 0.244 0.019

5032301 1.554 0.116 0.582 0.029 0.220 0.012

5032306 0.462 0.015 0.159 0.033 0.000 0.000  -1.558 0.088 1.558 0.092

S032310D  0.593 0.024  -0.305 0.028 0.000 0.000 -0.064 0.055 0.064 0.054

S032315 0.906 0.097 0.147 0.079 0.263 0.031

5032369 0.651 0.028 0.364 0.031 0.000 0.000 -0.111 0.049 0.11 0.058

S032375 0.634 0.021 0.371 0.029 0.000 0.000  -1.087 0.068 1.087 0.074

5032385 0.854 0.050 -0.362 0.064 0.299 0.024

5032386 1.110 0.084 0.782 0.038 0.118 0.012

5032392 0.485 0.047  -2.016 0.262 0.192 0.068

5032394 1.107 0.115 0.219 0.064 0.291 0.026

5032403 1.073 0.142 0.640 0.065 0.279 0.023

5032422 1.298 0.099 -0.132 0.048 0.198 0.024

5032425 1.013 0.114 0.357 0.067 0.263 0.026

5032437 1.004 0.109 0.681 0.056 0.351 0.018

5032446 1.026 0.090 0.263 0.056 0.347 0.021

5032451 0.540 0.017  -0.410 0.028 0.000 0.000  -1.457 0.083 1.457 0.080

5032463 1.957 0.194 0.162 0.041 0.407 0.019

5032465 0.996 0.104  -0.223 0.093 0.362 0.035

5032502 0.875 0.077 0.327 0.056 0.106 0.022

5032510 0.976 0.085 -0.691 0.101 0.325 0.041

5032514 0.878 0.132 0.705 0.087 0.314 0.027

5032516 0.707 0.038  -0.706 0.043 0.000 0.000
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.2  IRT Parameters for TIMSS Joint 1999-2003 Eighth-Grade Science
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (aj) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)

5032519 0.736 0.023 0.090 0.022 0.000 0.000

S032530D  0.492 0.025 0.099 0.037 0.000 0.000 0.590 0.059  -0.590 0.066

5032532 0.760 0.039  -0.490 0.037 0.000 0.000

5032542 1.345 0.148 0.402 0.053 0.322 0.021

5032555 1.023 0.051 0.339 0.033 0.000 0.000

5032562 0.747 0.024 -0.134 0.022 0.000 0.000 -0.504 0.050 0.504 0.051

5032564 1.734 0.141 0.743 0.029 0.21 0.010

S032565 0.815 0.047 0.539 0.046 0.000 0.000

5032570 0.753 0.043 0.484 0.047 0.000 0.000

5032574 1.079 0.133 0.415 0.069 0.325 0.025

S032579 0.924 0.149 0.912 0.090 0.283 0.024

5032595 1.052 0.106 0.993 0.053 0.164 0.013

5032606 0.890 0.070  -1.400 0.124 0.269 0.051

5032607 0.760 0.050  -0.497 0.081 0.220 0.031

S032611 1.015 0.141 0.902 0.073 0.222 0.021

5032614 0.646 0.037 -0.346 0.041 0.000 0.000

5032620 0.553 0.096 1.251 0.146 0.150 0.031

S032625A  0.828 0.030  -0.027 0.024 0.000 0.000

5032625B 1.107 0.038 0.317 0.022 0.000 0.000

5032626 1.270 0.040 -0.006 0.017 0.000 0.000

5032637 0.811 0.075 0.663 0.055 0.192 0.020

5032640 0.473 0.032 -0.389 0.054 0.000 0.000

5032645 1.072 0.137 0.608 0.066 0.295 0.023

S032650D  0.484 0.022 -0.093 0.033 0.000 0.000 -0.174 0.065 0.174 0.067

S032651A 1.420 0.061  -0.030 0.022 0.000 0.000

S032651B 0.975 0.055 0.781 0.048 0.000 0.000

5032652 0.826 0.057 0.093 0.054 0.170 0.022

5032654 0.994 0.102 0.245 0.065 0.236 0.027

5032656 0.914 0.047  -0.238 0.042 0.099 0.018

5032660 1.330 0.225 1.133 0.082 0.260 0.016

5032663 0.458 0.089 1.137 0.185 0.219 0.043

S032665A  0.915 0.046 0.163 0.033 0.000 0.000

50326658  0.990 0.057 0.834 0.050 0.000 0.000

S032665C  0.921 0.053 0.761 0.050 0.000 0.000

5032672 0.320 0.048 -0.422 0.362 0.207 0.070

5032679 0.882 0.057 1.097 0.070 0.000 0.000

5032680 0.612 0.025 -0.661 0.031 0.000 0.000 -0.001 0.058 0.001 0.050

5032682 1.361 0.117 0.691 0.036 0.260 0.013

5032683 0.996 0.061 0.378 0.035 0.200 0.015

S032693A  0.934 0.045 -0.266 0.030 0.000 0.000

5032693B 0.813 0.035 0.383 0.028 0.000 0.000 0.635 0.036  -0.635 0.049

5032695 0.694 0.029 0.347 0.030 0.000 0.000 -0.085 0.047 0.085 0.056

S032697D  0.912 0.035 0.258 0.022 0.000 0.000  -0.055 0.037 0.055 0.042

5032704 0.820 0.045 0.344 0.041 0.000 0.000

S032705A  1.056 0.050 0.087 0.029 0.000 0.000

$032705B 1.037 0.048 -0.220 0.028 0.000 0.000

S032706A  0.986 0.049 0.258 0.033 0.000 0.000

S032706B 1.188 0.057 0.315 0.029 0.000 0.000

5032707 1.557 0.093 0.950 0.041 0.000 0.000

$032709 1.446 0.049 0.485 0.019 0.000 0.000

S032711 0.878 0.022 0.617 0.019 0.000 0.000 -0.515 0.033 0.515 0.040
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.2  IRT Parameters for TIMSS Joint 1999-2003 Eighth-Grade Science
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (a]-) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)
S032712A  0.929 0.034 0.310 0.025 0.000 0.000
S032712B 1.21 0.050 0.899 0.033 0.000 0.000
S032713A 1.070 0.045 0.897 0.036 0.000 0.000
S032713B 1.006 0.055 1.456 0.067 0.000 0.000
5032714 1.735 0.153  -0.378 0.055 0.423 0.026
SF12001 0.817 0.050 -0.398 0.050 0.048 0.018
SF12002 0.802 0.048  -0.580 0.053 0.048 0.018
SF12003 1.350 0.073  -0.557 0.037 0.066 0.018
SF12004 0.977 0.062  -0.325 0.049 0.077 0.021
SF12005 0.994 0.062  -0.127 0.041 0.054 0.017
SF12006 1.135 0.077  -0.002 0.041 0.090 0.019
SF12013 0.697 0.073 0.722 0.073 0.081 0.021
SF12014 1.344 0.078  -0.728 0.045 0.106 0.024
SF12015 0.962 0.063 -0.480 0.057 0.098 0.025
SF12016 0.978 0.059 -0.874 0.062 0.094 0.027
SF12017 1.306 0.089 0.086 0.035 0.095 0.017
SF12018 0.618 0.049  -0.391 0.086 0.085 0.029
SF12025 0.495 0.061 0.504 0.120 0.122 0.035
SF12026 0.908 0.072  -0.911 0.101 0.250 0.042
SF12027 0.987 0.058  -0.829 0.056 0.081 0.024
SF12028 0.879 0.062 0.063 0.048 0.064 0.018
SF12029 0.848 0.089 0.234 0.075 0.206 0.030
SF12030 0.585 0.064 0.417 0.093 0.113 0.030
SF12037 0.994 0.057  -1.076 0.058 0.067 0.022
SF12038 0.811 0.059 -0.309 0.064 0.095 0.026
SF12039 1.000 0.059  -0.805 0.054 0.076 0.023
SF12040 1.253 0.088 0.028 0.039 0.110 0.019
SF12041 0.777 0.056  -0.091 0.055 0.065 0.021
SF12042 0.856 0.062  -0.104 0.054 0.082 0.022
SF22002 1.382 0.099 0.141 0.035 0.119 0.017
SF22019 1.207 0.081  -0.351 0.049 0.143 0.025
SF22022 0.944 0.046 0.066 0.031 0.000 0.000
SF22035 0.534 0.035 0.115 0.052 0.000 0.000
SF22040 1.272 0.080  -0.017 0.033 0.066 0.015
SF22041 1.143 0.066  -0.336 0.038 0.061 0.017
SF22042 1.378 0.097 0.134 0.035 0.114 0.017
SF22054 1.232 0.099 0.115 0.046 0.167 0.022
SF22058 0.845 0.062  -0.295 0.065 0.112 0.027
SF22069 1.443 0.065 0.282 0.024 0.000 0.000
SF22074 1.105 0.083 0.051 0.046 0.123 0.021
SF22078 1.410 0.060  -0.052 0.022 0.000 0.000
SF22086 1.362 0.061 0.101 0.023 0.000 0.000
SF22088A  1.389 0.060 -0.1M 0.022 0.000 0.000
SF22088B 1.065 0.053 0.269 0.030 0.000 0.000
SF22106 0.744 0.085 1.150 0.093 0.055 0.015
SF22115 1.077 0.071  -0.200 0.046 0.094 0.021
SF22117 0.713 0.067 0.276 0.072 0.109 0.026
SF22126 0.788 0.074 0.190 0.071 0.133 0.028
SF22150 1.087 0.085 0.204 0.045 0.112 0.020
SF22152 1.348 0.060 0.089 0.023 0.000 0.000
SF22154 1.043 0.050 0.034 0.028 0.000 0.000
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.2  IRT Parameters for TIMSS Joint 1999-2003 Eighth-Grade Science
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (aj) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)
SF22160 0.871 0.048 0.549 0.044 0.000 0.000
SF22161 0.821 0.047 0.489 0.045 0.000 0.000
SF22181 1.061 0.097 0.282 0.053 0.168 0.023
SF22183 1.248 0.115 0.477 0.043 0.157 0.018
SF22187 0.787 0.079 0.504 0.063 0.099 0.023
SF22188 0.849 0.094 0.359 0.074 0.208 0.028
SF22191 0.969 0.033  -0.146 0.019 0.000 0.000 -0.158 0.037 0.158 0.037
SF22198 0.907 0.103 0.733 0.064 0.133 0.021
SF22202 0.792 0.069 0.309 0.059 0.087 0.022
SF22206 0.692 0.066 0.473 0.068 0.081 0.022
SF22208 1.140 0.109 0.406 0.049 0.174 0.021
SF22222 1.467 0.108 0.334 0.031 0.084 0.013
SF22225 1.008 0.114 1.064 0.072 0.076 0.014
SF22235 0.763 0.088 0.375 0.083 0.190 0.031
SF22240 0.917 0.127 1.023 0.082 0.162 0.020
SF22244 1.676 0.082 0.578 0.026 0.000 0.000
SF22249D 1.326 0.065 0.442 0.029 0.000 0.000
SF22268 0.960 0.052 0.594 0.042 0.000 0.000
SF22275 1.090 0.098 0.701 0.048 0.070 0.014
SF22276 0.931 0.078 0.002 0.062 0.146 0.027
SF22279 0.942 0.049 0.287 0.034 0.000 0.000
SF22281 0.843 0.050 0.763 0.053 0.000 0.000
SF22283 1.260 0.055 -0.323 0.024 0.000 0.000
SF22286 1.304 0.089 1.167 0.063 0.000 0.000
SF22289 1.105 0.046 0.581 0.024 0.000 0.000 0.505 0.028 -0.505 0.044
SF22290 1.302 0.108 0.040 0.049 0.220 0.023
SF22292 0.714 0.040 0.143 0.040 0.000 0.000
SF22294 1.257 0.097  -0.107 0.050 0.202 0.025
SF32007 1.031 0.049 0.047 0.029 0.000 0.000
SF32015 0.999 0.051 0.428 0.036 0.000 0.000
SF32019A 1.083 0.066 0.989 0.054 0.000 0.000
SF32019B 1.244 0.092 1.383 0.077 0.000 0.000
SF32024 1.297 0.158 0.753 0.053 0.222 0.017
SF32035 1.320 0.091 0.010 0.036 0.101 0.017
SF32056 0.987 0.051 0.361 0.034 0.000 0.000
SF32060 1.210 0.053  -0.445 0.025 0.000 0.000
SF32087 0.532 0.072 0.737 0.115 0.128 0.033
SF32115 1.316 0.092 0.201 0.034 0.090 0.016
SF32120A 1.198 0.068 0.872 0.045 0.000 0.000
SF32120B 1.459 0.093 1.098 0.050 0.000 0.000
SF32122 0.788 0.047 0.763 0.057 0.000 0.000
SF32126 0.812 0.042  -0.01 0.034 0.000 0.000
SF32131 1.414 0.060  -0.165 0.022 0.000 0.000
SF32141 1.718 0.169 0.635 0.036 0.168 0.014
SF32151 1.444 0.118 0.306 0.036 0.149 0.017
SF32156 0.983 0.096 0.377 0.055 0.153 0.023
SF32158 0.868 0.089 0.032 0.081 0.232 0.032
SF32160 0.869 0.095 0.033 0.089 0.277 0.034
SF32184 0.622 0.095 0.880 0.110 0.183 0.032
SF32202 0.910 0.034 0.069 0.021 0.000 0.000 0.064 0.036  -0.064 0.039
SF32238 1.234 0.094 0.172 0.039 0.117 0.018
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Exhibit D.2  IRT Parameters for TIMSS Joint 1999-2003 Eighth-Grade Science
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (a]-) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)

SF32257 1.325 0.139 0.528 0.047 0.218 0.018

SF32258 1.150 0.079  -0.187 0.048 0.125 0.023

SF32272 1.243 0.072 0.914 0.047 0.000 0.000

SF32273 0.728 0.142 1.326 0.144 0.234 0.026

SF32279 0.992 0.128 0.878 0.068 0.159 0.019

SF32306 0.577 0.019 0.161 0.029 0.000 0.000 -1.155 0.071 1.155 0.075

SF32310D 0.617 0.023  -0.326 0.027 0.000 0.000 -0.261 0.055 0.261 0.054

SF32315 0.971 0.087 0.045 0.064 0.194 0.027

SF32369 0.786 0.030 0.272 0.025 0.000 0.000 -0.156 0.042 0.156 0.049

SF32375 0.593 0.020 0.477 0.031 0.000 0.000 -1.155 0.071 1.155 0.078

SF32385 1.134 0.082  -0.265 0.054 0.158 0.027

SF32392 0.592 0.047  -1.484 0.148 0.138 0.046

SF32394 1.014 0.103 0.236 0.063 0.229 0.026

SF32403 1.142 0.131 0.587 0.055 0.238 0.021

SF32422 1.318 0.100  -0.009 0.046 0.185 0.023

SF32425 1.022 0.103 0.308 0.059 0.211 0.024

SF32451 0.668 0.020 -0.203 0.024 0.000 0.000 -0.991 0.063 0.991 0.063

SF32463 1.377 0.104 0.077 0.040 0.163 0.019

SF32465 0.935 0.075 -0.488 0.079 0.204 0.034

SF32502 0.909 0.090 0.544 0.056 0.112 0.020

SF32510 0.862 0.069 -0.688 0.095 0.208 0.039

SF32514 1.032 0.123 0.617 0.061 0.218 0.022

SF32516 0.822 0.041  -0.323 0.034 0.000 0.000

SF32519 1.071 0.052 0.293 0.031 0.000 0.000

SF32530D  0.618 0.028 0.121 0.031 0.000 0.000 0.584 0.047 -0.584 0.055

SF32532 0.905 0.044 -0.384 0.031 0.000 0.000

SF32542 1.273 0.125 0.245 0.051 0.263 0.022

SF32555 1.156 0.058 0.501 0.034 0.000 0.000

SF32562 0.778 0.025 0.000 0.022 0.000 0.000 -0.483 0.048 0.483 0.049

SF32565 0.864 0.051 0.746 0.051 0.000 0.000

SF32570 0.947 0.051 0.586 0.043 0.000 0.000

SF32574 1.000 0.128 0.458 0.075 0.315 0.028

SF32579 1.166 0.183 0.913 0.075 0.291 0.019

SF32595 1.364 0.137 0.804 0.046 0.087 0.012

SF32606 1.059 0.067  -1.233 0.072 0.143 0.035

SF32611 0.949 0.102 0.595 0.057 0.138 0.021

SF32614 0.714 0.038  -0.423 0.038 0.000 0.000

SF32620 0.825 0.19 1133 0.095 0.135 0.020

SF32625A 1.713 0.078 0.324 0.022 0.000 0.000

SF32625B 2133 0.106 0.529 0.021 0.000 0.000

SF32640 0.717 0.038  -0.243 0.037 0.000 0.000

SF32645 1.210 0.167 0.762 0.061 0.281 0.019

SF32650D  0.727 0.026 0.109 0.025 0.000 0.000 -0.31 0.047 0.311 0.051

SF32651A 1.550 0.066 0.042 0.021 0.000 0.000

SF32651B 1.351 0.070 0.643 0.033 0.000 0.000

SF32654 0.847 0.079 0.242 0.062 0.126 0.025

SF32656 1.669 0.120 0.284 0.028 0.098 0.013

SF32660 0.769 0.121 1.138 0.107 0.173 0.023

SF32663 0.657 0.098 0.950 0.105 0.168 0.028

SF32665A  1.031 0.053 0.457 0.035 0.000 0.000

SF32665B 1.162 0.068 0.869 0.047 0.000 0.000
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Exhibit D.2  IRT Parameters for TIMSS Joint 1999-2003 Eighth-Grade Science
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (aj) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)

SF32665C 1.053 0.063 0.894 0.051 0.000 0.000

SF32672 0.598 0.093 0.376 0.151 0.325 0.042

SF32679 1.143 0.066 0.830 0.045 0.000 0.000

SF32680 0.752 0.026  -0.547 0.024 0.000 0.000 -0.221 0.049 0.221 0.045

SF32683 1.402 0.106 0.347 0.034 0.102 0.015

SF32693A  0.936 0.046 0.019 0.030 0.000 0.000

SF32693B 0.743 0.034 0.659 0.033 0.000 0.000 0.647 0.038  -0.647 0.059

SF32695 0.750 0.031 0.594 0.032 0.000 0.000 -0.180 0.046 0.180 0.058

SF32697D  0.842 0.033 0.609 0.029 0.000 0.000 -0.213 0.042 0.213 0.053

SF32704 0.816 0.046 0.565 0.046 0.000 0.000

SF32705A 1.101 0.052 0.218 0.029 0.000 0.000

SF32705B 1.185 0.052  -0.058 0.025 0.000 0.000

SF32706A  0.884 0.048 0.505 0.041 0.000 0.000

SF32706B 1122 0.057 0.580 0.035 0.000 0.000

SF32707 1.619 0.010 1.049 0.043 0.000 0.000

SF32714 1.424 0.108  -0.482 0.059 0.293 0.031
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Exhibit D.3  IRT Parameters for TIMSS Joint 1995-2003 Fourth-Grade Mathematics

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a;) (a;) (b;) (b;) (¢)) () (djy) (djy) (dj2) (dj2)
M011001 0.869 0.033  -0.841 0.064 0.398 0.023
M011002 0.839 0.033 0.418 0.035 0.274 0.012
M011003 0.646 0.025 -0.184 0.060 0.206 0.020
M011004 0.725 0.026  -1.152 0.081 0.298 0.029
M011005 0.474 0.026  -1.508 0.205 0.349 0.051
M011006 0.409 0.021  -0.135 0.099 0.069 0.027
M011007 0.896 0.036  -1.500 0.079 0.237 0.037
M011008 1.277 0.052 0.100 0.030 0.294 0.013
M011009 1.046  0.040  -1.431 0.058 0.146 0.031
M011010 1119  0.048 -0.154  0.040 0.242 0.018
MO011011 1.261 0.055  -0.705 0.048 0.320 0.023
M011012 0.761 0.028  -1.452 0.067 0.083 0.028
M011013 0.759 0.052 0.542 0.064 0.326 0.020
M011014 0.646 0.028  -2.047 0.115 0.119 0.044
M011015 0.785 0.038  -0.084 0.058 0.190 0.022
M011016 1.009 0.049 0.339 0.038 0.241 0.015
M011017 0.651 0.028  -0.707 0.078 0.11 0.030
M011018 0.715 0.028  -1.191 0.075 0.101 0.031
M011019 0.881 0.035 -0.463 0.050 0.136 0.022
M011020 1.267 0.082 1.146 0.031 0.281 0.001
M011021 0.754 0.035 -0.484 0.071 0.186 0.028
M011022 0.393 0.023  -1.290 0.183 0.117 0.048
M011023 0.466 0.033  -0.896 0.202 0.225 0.055
M011024 0.697 0.034 -2.233 0.135 0.167 0.057
M011025 0.762 0.047 0.614 0.053 0.241 0.018
M011026 0.605 0.037 -0.303 0.109 0.247 0.034
M011027 0.707 0.032 -0.741 0.081 0.167 0.032
M011028 0.626 0.032  -0.506 0.093 0.172 0.033
M011029 0.549 0.055 0.036 0.135 0.113 0.042
M011030 1.400 0.146 0.918 0.050 0.210 0.018
M011031 0.927 0.083 0111 0.080 0.167 0.033
M011032 1.243 0.107  -1.368 0.11 0.251 0.059
M011033 0.731 0.074 0.270 0.102 0.153 0.037
M011034 0.730 0.053  -1.037 0.109 0.096 0.040
M011035 1.337 0.094  -0.179 0.050 0.123 0.025
M011036 0.425 0.085 0.702 0.290 0.263 0.068
M011037 0.809 0.070  -1.923 0.174 0.190 0.069
M011038 0.620 0.076  -0.281 0.199 0.273 0.060
M011039 0.962 0.073  -0.815 0.091 0.137 0.041
M011040 1.134 0.099 0.521 0.052 0.142 0.021
M011041 1.273 0.133 0.787 0.054 0.195 0.020
M011042 0.614 0.055 -0.739 0.155 0.145 0.052
M011043 1.437 0.139 0.150 0.062 0.337 0.027
M011044 1.361 0.113 0.283 0.049 0.182 0.023
M011045 0.794 0.079  -0.761 0.161 0.283 0.059
M011046 0.466  0.048 -0.722 0.209 0.139 0.057
M011047 0.604 0.056  -1.536 0.219 0.198 0.073
M011048 0.753 0.076 0.265 0.098 0.153 0.036
M011049 0.934 0.084 0.320 0.071 0.126 0.029
M011050 0.443 0.047  -1.434 0.290 0.183 0.075
M011051 0.753 0.073  -0.253 0.127 0.198 0.047
M011052 1.089 0.085  -0.659 0.088 0.197 0.042
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Exhibit D.3  IRT Parameters for TIMSS Joint 1995-2003 Fourth-Grade Mathematics
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (aj) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)

MO011053 1.131 0.112 0.821 0.053 0.146 0.019

MO011054 1.203 0.057  -0.063 0.029 0.000 0.000

M011055 0.816 0.096  -1.557 0.251 0.448 0.081

MO011056 0.654 0.088 0.924 0.105 0.155 0.034

MO011057 0.645 0.084 0.349 0.141 0.206 0.046

M011058 1.204 0.096 0.358 0.049 0.125 0.021

M011059 0.742 0.078  -0.166 0.136 0.226 0.049

MO011060 0.393 0.044  -1.688 0.342 0.188 0.079

MO011061 0.688 0.038  -0.205 0.046 0.000 0.000

M011062 0.643 0.073  -0.198 0.171 0.252 0.054

M011063 0.571 0.036 0.232 0.053 0.000 0.000

MO011064 1.317 0.166 1.119 0.060 0.263 0.019

MO011065 1.043 0.091  -0.503 0.098 0.264 0.042

MO011066 0.705 0.104 1.088 0.105 0.209 0.032

MO011067 0.820 0.072 -1.707 0.172 0.220 0.069

M011068 0.807 0.077  -0.477 0.132 0.245 0.049

MO011069 0.640 0.016 0.018 0.021 0.000 0.000 -0.722 0.050 0.722 0.049

MO011070 1.058 0.038 -0.434 0.026 0.000 0.000

MO011071 0.771 0.022 0.637 0.021 0.000 0.000 -0.313 0.038 0.313 0.043

MO011072 0.858 0.034 0.016 0.028 0.000 0.000

MO011073 0.514 0.026  -0.1M 0.044 0.000 0.000

MO011074A  1.000 0.039  -1.007 0.036 0.000 0.000

MO011074B  0.683 0.020 0.141 0.021 0.000 0.000  -0.165 0.042 0.165 0.042

MO011075 0.608 0.027 0.093 0.036 0.000 0.000

MO011076 0.794 0.031 0.012 0.029 0.000 0.000

MO011077A  0.838 0.038 1.114 0.043 0.000 0.000

MO011077B  1.229 0.055 1.232 0.035 0.000 0.000

M011078 0.624 0.029  -0.950 0.052 0.000 0.000

MO011079 0.377 0.010  -0.382 0.033 0.000 0.000 -1.620 0.085 1.620 0.081

MO11080A  1.014 0.036  -0.454 0.026 0.000 0.000

MO011080B  1.183 0.041 0.143 0.021 0.000 0.000

MO011080C  0.607 0.029  -1.490 0.067 0.000 0.000

MO011081 0.730 0.029  -0.552 0.036 0.000 0.000

M011082 0.623 0.031 -1.741 0.077 0.000 0.000

M011083 0.591 0.021 0.225 0.025 0.000 0.000 0.414 0.042 -0.414 0.044

M011084 0.994 0.035 0.048 0.024 0.000 0.000

M011085 0.830 0.032 -0.688 0.034 0.000 0.000

MO011086A  0.357 0.01 -0.012 0.046 0.000 0.000 1.964 0.073  -1.964 0.072

MO011086B  0.929 0.034 -0.087 0.026 0.000 0.000

M011087 0.455 0.024  -0.206 0.049 0.000 0.000

M012023 0.765 0.040 -0.301 0.076 0.265 0.027

M012030 1.698 0.230 1.434 0.054 0.161 0.012

M012044 1.131 0.052 0.190 0.035 0.251 0.015

M012048 0.807 0.040 0.127 0.053 0.189 0.020

M012054 0.386 0.022 -0.588 0.061 0.000 0.000

M012065 0.900 0.053 0.864 0.038 0.191 0.014

M012069 0.412 0.062 1.630 0.137 0.294 0.033

M012078 0.710 0.028 -1.008 0.071 0.102 0.029

M012080 0.971 0.080 0.903 0.051 0.049 0.014

M012081 0.798 0.066  -0.744 0.121 0.162 0.049

M012088 0.888 0.081 0.176 0.079 0.154 0.032
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Exhibit D.3  IRT Parameters for TIMSS Joint 1995-2003 Fourth-Grade Mathematics
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (a]-) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)
MO012117 0.946 0.045 0.597 0.033 0.213 0.013
MO012119 0.684 0.047 0.172 0.087 0.334 0.026
MO012126 0.71 0.027 -0.592 0.060 0.115 0.024
MO012139 0.856 0.078 -0.297 0.110 0.203 0.044
M031004 0.804 0.128 1.254 0.102 0.140 0.028
M031006 0.474 0.056  -1.538 0.296 0.182 0.077
M031008 1.155 0.138 1.410 0.060 0.201 0.016
M031009 0.813 0.056 0.541 0.052 0.000 0.000
MO031011 0.825 0.038 0.188 0.033 0.000 0.000
M031016 1.143 0.075 0.857 0.046 0.000 0.000
M031023 0.575 0.074 0.191 0.194 0.283 0.055
M031029 1.188 0.176 0.299 0.110 0.455 0.036
M031030 0.845 0.071 1.548 0.094 0.000 0.000
M031038 0.614 0.077  -0.597 0.227 0.235 0.071
MO031041 0.647 0.027 0.082 0.034 0.000 0.000
M031043 1.274 0.123 0.179 0.062 0.154 0.029
M031045 1.122 0.064 -0.446 0.060 0.175 0.030
M031050 1.324 0.097 0.638 0.042 0.288 0.017
M031051 0.853 0.060  -0.587 0.095 0.150 0.040
M031064 1.271 0.166 0.771 0.068 0.253 0.026
M031065 1.107 0.046 0.192 0.027 0.000 0.000
M031068 1.149 0.040 0.334 0.021 0.000 0.000
M031071 1.199 0.148 0.895 0.066 0.188 0.025
MO031079B  0.937 0.061  -0.899 0.060 0.000 0.000
MO031079C  0.609 0.048 0.543 0.067 0.000 0.000
M031083 0.908 0.096  -0.387 0.126 0.191 0.052
M031085 0.615 0.19 0.791 0.181 0.256 0.053
M031088 0.561 0.070 -0.874 0.252 0.211 0.075
M031093 0.953 0.197 1.079 0.123 0.401 0.033
M031097 1.071 0.130 0.605 0.079 0.200 0.032
M031098 1.130 0.101 0.074 0.066 0.117 0.029
M031106 0.876 0.033 0.324 0.026 0.000 0.000
M031108 1.110 0.076 0.333 0.047 0.116 0.021
M031109 0.520 0.073  -0.391 0.256 0.210 0.072
M031128 0.420 0.040  -1.409 0.146 0.000 0.000
M031130 0.897 0.058  -0.470 0.052 0.000 0.000
MO031133 0.601 0.048  -1.478 0.114 0.000 0.000
MO031134 0.439 0.027 1.392 0.081 0.000 0.000
MO031135 0.994 0.087 -0.886 0.108 0.151 0.048
MO031155 1.205 0.136 0.068 0.086 0.267 0.038
M031159 0.754 0.084 -0.394 0.148 0.187 0.054
M031162 0.475 0.030  -1.106 0.083 0.000 0.000
MO031172 1.206 0122  -0.185 0.087 0.233 0.041
MO031173 1173 0.010 -0.382 0.075 0.130 0.036
MO031178 0.870 0.098 0.777 0.076 0.094 0.027
M031183 0.549 0.034  -0.195 0.047 0.000 0.000 0.537 0.084  -0.537 0.075
M031185 1.425 0.154 0.431 0.062 0.231 0.028
M031187 1.764 0.279 0.403 0.082 0.553 0.027
M031190 1.148 0.090 0.342 0.055 0.197 0.025
M031210 1.746 0.250 0.897 0.060 0.329 0.022
M031216 0.716 0.066  -0.611 0.162 0.270 0.057
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Exhibit D.3  IRT Parameters for TIMSS Joint 1995-2003 Fourth-Grade Mathematics
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (aj) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)

M031218 1.270 0.144 0.346 0.072 0.248 0.031

M031219 0.346 0.068 0.519 0.343 0.180 0.073

M031220 0.797 0.054  -1.043 0.110 0.132 0.046

M031227 0.976 0.044 1.413 0.043 0.000 0.000

M031235 0.723 0.029 0.463 0.032 0.000 0.000

M031240 0.686 0.030  -1.015 0.050 0.000 0.000

M031242A  0.923 0.057 -0.368 0.047 0.000 0.000

M031242B  1.046 0.063 0.198 0.039 0.000 0.000

M031242C  0.849 0.107 0.102 0.130 0.252 0.048

M031245 1.597 0.180 1.053 0.048 0.115 0.015

M031247 0.481 0.030 1.308 0.076 0.000 0.000 -0.325 0.094 0.325 0.125

M031249 0.905 0.053 1.556 0.063 0.000 0.000

M031251 1.466 0.198 0.852 0.065 0.285 0.024

M031252 0.841 0.088  -0.382 0.127 0.181 0.050

M031254 1.049 0.118 0.288 0.085 0.210 0.035

M031255 1.057 0.089 0.481 0.063 0.350 0.023

M031258 0.942 0.037 0.853 0.030 0.000 0.000

M031264 1.029 0.050 -1.239 0.049 0.000 0.000

M031265 0.584 0.033  -0.217 0.049 0.000 0.000

M031267 0.514 0.031 0.316 0.050 0.000 0.000

M031269 0.305 0.011 -1.126 0.065 0.000 0.000 -2.009 0.141 2.009 0.123

M031271 0.559 0.029  -1.819 0.089 0.000 0.000

M031272A  0.811 0.042  -1.231 0.060 0.000 0.000

M031272B  0.717 0.045  -2.066 0.108 0.000 0.000

M031272C  0.918 0.041 0.120 0.031 0.000 0.000

M031274 0.708 0.029 -0.662 0.040 0.000 0.000

M031276 1.274 0.130 0.072 0.073 0.219 0.033

M031282 0.697 0.018 0.946 0.023 0.000 0.000 -1.013 0.053 1.013 0.059

M031285 0.742 0.031 0.800 0.036 0.000 0.000

M031286 0.909 0.034 0.457 0.026 0.000 0.000

M031294 1.153 0.120 0.012 0.082 0.215 0.037

M031297 0.529 0.044 0.427 0.073 0.000 0.000

M031298 0.833 0.041 0.845 0.040 0.000 0.000

M031299 1.270 0.043 0.115 0.020 0.000 0.000

M031301 0.948 0.035 -0.639 0.031 0.000 0.000

M031303 1.461 0.148  -0.266 0.077 0.274 0.039

M031304 0.972 0.043  -0.356 0.033 0.000 0.000

M031305 0.712 0.035  -0.757 0.049 0.000 0.000

M031306 0.759 0.036  -0.227 0.038 0.000 0.000

M031309 1.089 0.064  -0.208 0.040 0.000 0.000

M031310 1.380 0.098  -0.475 0.064 0.251 0.033

M031313 0.587 0.047  -1.303 0.109 0.000 0.000

M031315 0.915 0.073 0.155 0.076 0.172 0.032

M031316 0.470 0.048 -2.688 0.246 0.000 0.000

M031317 1.273 0.153 0.750 0.062 0.194 0.025

M031322 0.420 0.029  -1.458 0.111 0.000 0.000

M031325 0.926 0.064 0.827 0.053 0.000 0.000

M031327 0.430 0.028 0.132 0.058 0.000 0.000

M031330 0.472 0.043  -1.889 0.165 0.000 0.000

M031332 1.014 0.124 0.252 0.010 0.266 0.039

M031333 0.897 0.101 0.562 0.081 0.123 0.032
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Exhibit D.3  IRT Parameters for TIMSS Joint 1995-2003 Fourth-Grade Mathematics
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (a]-) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)
M031334 1.098 0.083 0.794 0.045 0.211 0.017
M031335 0.959 0.059  -0.037 0.061 0.168 0.027
M031338 0.612 0.071 0.151 0.165 0.249 0.051
MO031341 0.789 0.061  -0.755 0.124 0.194 0.050
MO031344A  0.510 0.043 0.364 0.073 0.000 0.000
MO031344B  0.766 0.052 0.257 0.050 0.000 0.000
MO031344C  0.456 0.019  -0.123 0.046 0.000 0.000  -1.983 0.145 1.983 0.141
MO031345A  0.734 0.050 -0.412 0.058 0.000 0.000
MO031345B  0.650 0.047 -0.254 0.061 0.000 0.000
MO031345C  0.653 0.061 1.700 0.126 0.000 0.000
MO031346A  1.222 0.071  -0.395 0.040 0.000 0.000
MO031346B  1.272 0.076 0.545 0.036 0.000 0.000
MO031346C  0.814 0.044 0.325 0.033 0.000 0.000 0.380 0.055 -0.380 0.058
MO031347A  0.620 0.033 0.068 0.042 0.000 0.000
MO031347B  0.571 0.032 0.234 0.046 0.000 0.000
MO031347C  0.852 0.040 0.470 0.034 0.000 0.000
MO031348A  0.660 0.036 0.585 0.045 0.000 0.000
MO031348B  0.559 0.029 1.455 0.053 0.000 0.000 0.690 0.051  -0.690 0.087
MO031350A  0.865 0.033 0.562 0.028 0.000 0.000
MO031350B  0.843 0.032 0.019 0.028 0.000 0.000
MO031350C  0.638 0.029 0.914 0.043 0.000 0.000
M031351 0.626 0.083 0.085 0.169 0.188 0.054
M031379 0.784 0.057 1.044 0.066 0.000 0.000
M031380 0.872 0.067 1.365 0.076 0.000 0.000
MF11001 1.921 0.201 -0.114 0.061 0.276 0.035
MF11002 1.412 0.136 0.514 0.049 0.129 0.023
MF11003 1.037 0.084 0.191 0.055 0.057 0.020
MF11004 1.300 0.097 -0.235 0.051 0.066 0.022
MF11005 1.147 0.096 -0.275 0.069 0.108 0.031
MF11006 0.787 0.080 0.281 0.087 0.095 0.033
MF11007 2.351 0.240  -0.238 0.052 0.284 0.033
MF11008 1.893 0.158 0.212 0.038 0.106 0.020
MF11009 1.598 0.151 -1.263 0.083 0.160 0.047
MF11010 1.068 0.100  -0.252 0.086 0.157 0.038
MF11011 1.445 0.120 -0.854 0.071 0.124 0.036
MF11012 1.193 0.095 -1.009 0.080 0.094 0.035
MF11013 0.734 0.076 0.077 0.103 0.110 0.037
MF11014 1.160 0.091  -0.968 0.079 0.088 0.033
MF11015 0.882 0.080 0.056 0.076 0.087 0.029
MF11016 0.963 0.103 0.419 0.076 0.137 0.030
MF11017 0.919 0.071 -0.742 0.082 0.069 0.028
MF11018 0.879 0.078  -1.020 0.121 0.131 0.048
MF11019 0.976 0.077  -0.593 0.080 0.083 0.031
MF11020 0.753 0.107 0.914 0.099 0.139 0.032
MF11021 0.996 0.078  -0.171 0.064 0.065 0.024
MF11022 0.937 0.073  -0.200 0.065 0.058 0.023
MF11023 0.695 0.063  -0.877 0.133 0.107 0.044
MF11024 1.251 0.109  -1.323 0.095 0.127 0.045
MF11025 1.102 0.105 0.596 0.055 0.081 0.022
MF11026 1.529 0.141 0.379 0.047 0.135 0.024
MF11027 1.806 0.159 0.142 0.044 0.140 0.024
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Exhibit D.3  IRT Parameters for TIMSS Joint 1995-2003 Fourth-Grade Mathematics
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (aj) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)
MF11028 1.439 0.126 0.208 0.050 0.118 0.025
MF12023 1.010 0.083  -0.170 0.055 0.056 0.021
MF12044 0.728 0.070 -0.224 0.107 0.101 0.037
MF12048 0.836 0.070  -0.289 0.081 0.074 0.029
MF12065 0.753 0.093 0.690 0.091 0.1 0.031
MF12069 0.782 0.110 1.070 0.092 0.115 0.030
MF12078 1.291 0.093  -0.427 0.052 0.055 0.020
MF12117 1.164 0.109 0.519 0.054 0.091 0.023
MF12119 0.885 0.077 0.022 0.073 0.077 0.027
MF12126 1.169 0.109  -0.126 0.079 0.163 0.038
MF31004 0.808 0.105 1.073 0.086 0.105 0.026
MF31006 0.870 0.13 0.162 0.131 0.289 0.046
MF31009 0.780 0.054 0.723 0.056 0.000 0.000
MF31016 1.259 0.081 0.917 0.043 0.000 0.000
MF31029 0.767 0.117 0.389 0.153 0.313 0.048
MF31030 0.748 0.063 1.616 0.103 0.000 0.000
MF31038 1172 0.116 0.046 0.077 0.191 0.034
MF31041 0.683 0.048 0.123 0.055 0.000 0.000
MF31043 1.254 0.124 0.442 0.060 0.151 0.026
MF31045 1.236 0.101  -0.243 0.064 0.112 0.030
MF31050 1.508 0.178 0.487 0.064 0.295 0.027
MF31051 1.199 0.095 -0.245 0.062 0.089 0.028
MF31064 0.972 0.116 0.864 0.073 0.137 0.026
MF31065 1.312 0.077 0.310 0.033 0.000 0.000
MF31068 1.288 0.074 0.256 0.034 0.000 0.000
MF31071 1.024 0.126 0.977 0.072 0.142 0.025
MF31079B  1.150 0.068  -0.528 0.044 0.000 0.000
MF31079C  0.738 0.053 0.858 0.063 0.000 0.000
MF31083 1.056 0.112 0.028 0.096 0.197 0.042
MF31085 1.188 0.201 1.207 0.082 0.251 0.025
MF31088 0.748 0.084  -0.105 0.139 0.176 0.051
MF31093 0.474 0.084 0.819 0.204 0.162 0.056
MF31097 1.611 0.174 0.951 0.047 0.117 0.016
MF31098 1.650 0.139 0.222 0.043 0.108 0.020
MF31106 0.907 0.056 0.146 0.044 0.000 0.000
MF31109 1.181 0.115 0.315 0.063 0.140 0.028
MF31128 0.617 0.046  -0.557 0.071 0.000 0.000
MF31130 0.871 0.056 0.157 0.045 0.000 0.000
MF31133 0.900 0.057  -0.379 0.049 0.000 0.000
MF31134 0.501 0.046 1.245 0.115 0.000 0.000
MF31135 0.961 0.090 0.041 0.081 0.123 0.033
MF31155 1.279 0.127 0.198 0.068 0.190 0.031
MF31159 1.608 0.133 0.199 0.042 0.096 0.021
MF31172 1.355 0.132 0.395 0.056 0.159 0.026
MF31173 1.392 0.103 0.136 0.042 0.054 0.017
MF31178 1.758 0.214 1.143 0.049 0.128 0.015
MF31183 0.989 0.052 0.330 0.029 0.000 0.000 0.374 0.046 -0.374 0.049
MF31185 1.618 0.151 0.345 0.049 0.157 0.024
MF31187 1.302 0.125 0.037 0.068 0.182 0.033
MF31210 1.302 0.155 0.730 0.065 0.227 0.026
MF31218 1.924 0.145 0.318 0.031 0.048 0.012
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.3  IRT Parameters for TIMSS Joint 1995-2003 Fourth-Grade Mathematics
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (a]-) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)

MF31219 0.890 0.131 0.901 0.094 0.207 0.033

MF31220 1.143 0.096 -0.371 0.075 0.117 0.035

MF31227 1.005 0.078 1.394 0.073 0.000 0.000

MF31235 0.758 0.051 0.356 0.052 0.000 0.000

MF31240 0.768 0.052  -0.727 0.063 0.000 0.000

MF31242A 1109 0.066 0.179 0.037 0.000 0.000

MF31242B  1.158 0.071 0.565 0.038 0.000 0.000

MF31242C  1.588 0.179 0.560 0.056 0.257 0.026

MF31245 1.864 0.192 1.028 0.040 0.093 0.013

MF31247 0.592 0.037 1.556 0.076 0.000 0.000 -0.357 0.085 0.357 0.120

MF31251 1.571 0.166 0.744 0.049 0.163 0.020

MF31252 0.805 0.079  -0.251 0.115 0.135 0.044

MF31254 1.730 0.172 0.525 0.046 0.184 0.021

MF31255 0.905 0.109 0.055 0.120 0.251 0.046

MF31258 0.914 0.061 0.752 0.051 0.000 0.000

MF31264 1.315 0.077  -0.359 0.038 0.000 0.000

MF31265 0.878 0.059 0.352 0.047 0.000 0.000

MF31269 0.492 0.021  -0.092 0.044 0.000 0.000  -1.400 0.120 1.400 0.116

MF31271 0.755 0.052  -1.086 0.076 0.000 0.000

MF31274 0.914 0.058  -0.617 0.052 0.000 0.000

MF31276 1.271 0.130 0.388 0.063 0.183 0.028

MF31282 0.763 0.033 0.870 0.037 0.000 0.000 -0.999 0.088 0.999 0.097

MF31285 0.855 0.057 0.664 0.052 0.000 0.000

MF31286 1.074 0.065 0.399 0.039 0.000 0.000

MF31294 1.682 0.139 0.174 0.041 0.010 0.021

MF31297 1.186 0.072 0.552 0.038 0.000 0.000

MF31298 1.124 0.073 0.898 0.045 0.000 0.000

MF31299 1.427 0.081 0.091 0.032 0.000 0.000

MF31301 1.101 0.065 -0.473 0.043 0.000 0.000

MF31303 1.399 0132 -0.246 0.074 0.215 0.038

MF31305 0.782 0.052 -0.586 0.061 0.000 0.000

MF31309 1.402 0.080  -0.029 0.033 0.000 0.000

MF31310 1.609 0.143  -0.288 0.060 0.176 0.034

MF31313 0.573 0.045 -0.785 0.086 0.000 0.000

MF31316 0.753 0.055  -1.385 0.092 0.000 0.000

MF31317 1.170 0.116 0.562 0.059 0.123 0.024

MF31322 0.751 0.052 -0.386 0.059 0.000 0.000

MF31325 1123 0.075 1.020 0.049 0.000 0.000

MF31327 0.628 0.048 0.584 0.063 0.000 0.000

MF31330 0.675 0.046  -0.493 0.064 0.000 0.000

MF31332 1.145 0.122 0.358 0.073 0.196 0.031

MF31333 1.547 0.185 1.052 0.053 0.142 0.017

MF31334 1.055 0.135 0.809 0.076 0.193 0.028

MF31335 1.178 0.110 0.010 0.071 0.155 0.032

MF31344A  0.673 0.053 0.934 0.075 0.000 0.000

MF31344B  1.299 0.079 0.619 0.037 0.000 0.000

MF31344C  0.675 0.027 0.422 0.034 0.000 0.000 -1.394 0.105 1.394 0.108

MF31345A  0.828 0.054 0.224 0.047 0.000 0.000

MF31345B  0.734 0.051 0.357 0.053 0.000 0.000

MF31345C  0.836 0.076 1.760 0.115 0.000 0.000

MF31346A  1.193 0.070  -0.307 0.039 0.000 0.000
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.3  IRT Parameters for TIMSS Joint 1995-2003 Fourth-Grade Mathematics

(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2
(a;) (a;) (bj) (bj) () (¢) (dj1) (dj1) (djz)

MF31346B  1.172 0.072 0.727 0.040  0.000  0.000

MF31346C  0.825 0.046 0.594 0.035 0.000  0.000  0.444 0.052  -0.444

MF31350A  1.213 0.072 0.441 0.037 0.000  0.000
MF31350B  1.234 0.071 0.001 0.035 0.000  0.000
MF31350C  0.995 0.064 0.706 0.047 0.000  0.000
MF31351 1.143 0.135 0.814 0.067 0.174 0.025
MF31379 0.978 0.069 1.214 0.061 0.000  0.000
MF31380 1.120 0.083 1.448 0.065 0.000  0.000
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.4  IRT Parameters for TIMSS Joint 1995-2003 Fourth-Grade Science

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a;) (a;) (b;) (b;) (¢)) () (djy) (djy) (dj2) (dj2)
S011001 0.704 0.024  -1.337 0.087 0.195 0.038
S011002 0.894 0.032  -0.919 0.071 0.251 0.034
S011003 1.500 0.057 0.474 0.022 0.397 0.011
S011004 0.786 0.029 -0.184 0.054 0.180 0.024
S011005 0.836 0.028  -0.515 0.056 0.181 0.026
S011006 0.624 0.037 -0.413 0.124 0.257 0.043
S011007 0.803 0.039 -0.303 0.078 0.232 0.034
S011008 1.7 0.060 0.281 0.042 0.348 0.019
S011009 0.573 0.033  -0.509 0.124 0.152 0.045
S011010 0.733 0.042  -1.754 0.161 0.292 0.067
S011011 1.194 0.075 0.942 0.030 0.242 0.014
S011012 0.739 0.034  -1.246 0.098 0.140 0.045
S011013 0.859 0.077 1.105 0.051 0.283 0.020
S011014 1.076 0.056 0.212 0.046 0.240 0.023
S011015 0.697 0.046 -0.244 0.119 0.292 0.043
S011016 0.769  0.040  -1.458 0.130 0.265 0.056
S011017 0.747 0.042  -0.161 0.085 0.197 0.036
S011018 0.71 0.043  -1.650 0.172 0.352 0.064
S011019 0.636 0.023  -1.034 0.047 0.000 0.000
S011020 0.426  0.044 1.022 0.119 0.104 0.035
S011021 0.709 0.050 -0.720 0.164 0.428 0.052
S011022 1.031 0.074 0.451 0.060 0.428 0.023
S011023 1.293 0.065 0.232 0.039 0.302 0.020
S011024 1.198 0.062  -0.173 0.053 0.219 0.029
S011025 0.770 0.039 -0.964 0.107 0.227 0.048
S011026 0.356 0.025  -2.699 0.294 0.143 0.063
S011027 1.200 0.067 0.115 0.052 0.379 0.024
S011029 1.023 0.045  -1.168 0.078 0.203 0.044
S011030 0.590 0.036  -0.913 0.159 0.237 0.056
S011031 0.986  0.048  -1.048 0.093 0.275 0.049
S011032 0.774 0.024  0.546 0.019  0.000 0.000
S011033 0.505 0.105 2.249 0.175 0.324 0.028
S011034 1.212 0.146 0.905 0.060 0.232 0.028
S011035 0.977 0.091  -0.209 0.113 0.211 0.055
S011036 0.962 0.118 0.813 0.075 0.190 0.035
S011037 0.990 0.202 1.679 0.120 0.222 0.025
S011038 0.749 0.078  -0.167 0.148 0.195 0.061
S011039 0.908 0.113 0.912 0.075 0.158 0.033
S011040 1.193 0.129 0.598 0.066 0.239 0.033
S011041 1.038 0.102 0.185 0.089 0.207 0.045
S011042 1.212 0.149 1.002 0.056 0.206 0.025
S011043 0.866 0.075  -0.201 0.105 0.147 0.048
S011044 0.585 0.077  -0.454 0.277 0.310 0.084
S011045 1.301 0.153 0.667 0.064 0.311 0.030
S011046 0.896 0.052 0.373 0.034  0.000 0.000
S011047 1.339 0.119  -0.758 0.11 0.289 0.068
S011048 1.345 0107  -0.763 0.092 0.197 0.059
S011049 1.635 0.271 1.421 0.063 0.259 0.018
S011050 0.576  0.046 1.021 0.069  0.000 0.000
S011051 1.579 0.156 0.937 0.039 0.135 0.019
S011052 1.918 0.199 0.933 0.037 0.227 0.019
S011053 1.235 0.113 0.417 0.059 0.170 0.033

442 TIMSS & PIRLS INTERNATIONAL STUDY CENTER, LYNCH SCHOOL OF EDUCATION, BOSTON COLLEGE



APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.4  IRT Parameters for TIMSS Joint 1995-2003 Fourth-Grade Science
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (aj) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)

5011054 1.103 0.096 -0.012 0.082 0.179 0.043

S011055 0.766 0.091 0.503 0.107 0.166 0.045

5011056 0.569 0.068  -0.603 0.254 0.247 0.081

S011057 1.314 0.181 1.061 0.061 0.287 0.025

5011058 1.282 0.131 0.747 0.051 0.183 0.026

S011059 1.231 0.127 0.438 0.067 0.242 0.035

5011060 0.875 0.19 1.011 0.079 0.170 0.034

S011061 0.348 0.063 0.693 0.340 0.199 0.073

5011062 1.239 0.099 -0.214 0.077 0.171 0.044

5011063 0.703 0.089 0.352 0.143 0.202 0.055

5011064 0.467 0.092 1.328 0.204 0.184 0.056

5011065 0.980 0.108 0.431 0.087 0.206 0.041

5011066 0.519 0.109 1.094 0.223 0.280 0.062

5011067 1.128 0.160 1.066 0.069 0.255 0.029

5011068 0.478 0.021 -0.121 0.032 0.000 0.000 0.607 0.057  -0.607 0.047

5011069 0.902 0.039 0.490 0.025 0.000 0.000

S011070 1.255 0.048 0.173 0.020 0.000 0.000

S011071D 0.773 0.030 0.435 0.019 0.000 0.000 0.164 0.036  -0.164 0.035

$011072 1.01 0.031  -0.773 0.021 0.000 0.000 1.121 0.055 -1.121 0.022

S011073 0.841 0.039 -0.911 0.051 0.000 0.000

5011074 0.791 0.028 0.458 0.019 0.000 0.000 0.450 0.032  -0.450 0.033

S011075 1.043 0.049  -1.092 0.052 0.000 0.000

5011076 0.500 0.059 0.107 0.220 0.221 0.065

S011077D 0.617 0.025 0.121 0.024 0.000 0.000 0.455 0.044  -0.455 0.039

S011078D  0.580 0.025 0.031 0.027 0.000 0.000 0.234 0.049 -0.234 0.042

S011079 0.957 0.039 -0.266 0.030 0.000 0.000

5011080 0.701 0.024 0.21 0.020 0.000 0.000 -0.012 0.039 0.012 0.036

5012007 0.633 0.040  -0.615 0.140 0.259 0.050

S012010 1.023 0.050 0.068 0.050 0.207 0.025

5012016 0.641 0.068 0.067 0.142 0.145 0.053

5012020 1.181 0.131 0.617 0.067 0.239 0.033

5012024 1.335 0.164 0.992 0.054 0.238 0.025

S012033 0.580 0.042 0.217 0.14 0.223 0.038

5012045 0.632 0.076  -0.203 0.203 0.233 0.070

5012049 0.575 0.059  -0.245 0.159 0.135 0.054

S012077 0.902 0.051  -0.054 0.038 0.000 0.000

5012089 0.694 0.046 0.284 0.043 0.000 0.000

S012096 0.732 0.047  -0.276 0.052 0.000 0.000

5012097 0.772 0.110 0.956 0.096 0.178 0.039

5012099 0.614 0.055 1.680 0.115 0.000 0.000

5012104 1.158 0.047 0.858 0.024 0.000 0.000

5012106 0.745 0.040 1.143 0.044 0.000 0.000

S012123 0.533 0.145 1.671 0.251 0.385 0.050

S012128A  0.789 0.035 -0.268 0.035 0.000 0.000

S012128B 0.623 0.039 1.541 0.072 0.000 0.000

$031001 0.696 0.080 -0.820 0.204 0.208 0.074

5031003 0.624 0.063  -0.335 0.183 0.202 0.067

S031005 0.873 0.058 1.467 0.063 0.000 0.000

S031009 0.755 0.035 0.127 0.030 0.000 0.000

S031017 0.709 0.061  -0.591 0.153 0.177 0.063

5031026 0.564 0.017 0.042 0.024 0.000 0.000 -0.596 0.052 0.596 0.048
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.4  IRT Parameters for TIMSS Joint 1995-2003 Fourth-Grade Science
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (a]-) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)

S031035 0.792 0.085  -0.210 0.174 0.314 0.068

S031038 0.500 0.056  -0.945 0.287 0.237 0.084

5031044 0.544 0.053 0.485 0.065 0.000 0.000

5031047 0.634 0.054 0.232 0.057 0.000 0.000

5031053 0.613 0.025 0.143 0.027 0.000 0.000 -0.189 0.054 0.189 0.050

5031060 0.927 0.179 1.614 0.106 0.257 0.027

5031061 0.613 0.076  -0.441 0.201 0.171 0.070

5031068 1.746 0.242 0.898 0.054 0.298 0.027

5031072 0.721 0.044 0.126 0.039 0.000 0.000 0.720 0.067 -0.720 0.058

S031075 0.435 0.010 0.972 0.337 0.299 0.076

5031076 0.793 0.065 0.873 0.056 0.000 0.000

5031077 0.384 0.061  -0.966 0.408 0.235 0.089

S031078 1.112 0.119 0.662 0.076 0.395 0.032

S031081 0.778 0.062  -0.538 0.078 0.000 0.000

5031082 0.463 0.057  -0.417 0.284 0.218 0.079

S031088D  0.271 0.014 0.853 0.010 0.000 0.000 2.420 0.147  -2.420 0.177

S031190 1.113 0.079 0.836 0.041 0.000 0.000

S031193 0.645 0.088 0.099 0.183 0.183 0.066

S031197D 0.412 0.028 -0.904 0.094 0.000 0.000 -0.571 0.143 0.571 0.108

5031204 0.362 0.046 1.131 0.137 0.000 0.000

5031205 0.689 0.061 0.221 0.114 0.173 0.046

S031212 0.691 0.082  -0.063 0.191 0.291 0.068

5031218 0.698 0.042  -0.051 0.044 0.000 0.000

5031229 1.330 0.105 0.814 0.039 0.232 0.020

S031230 0.553 0.073  -1.442 0.314 0.235 0.090

5031233 0.316 0.041  -0.623 0.155 0.000 0.000

S031235A  1.280 0.048 0.652 0.019 0.000 0.000

S031235B 1.302 0.050 0.791 0.020 0.000 0.000

5031236 0.621 0.074  -1.203 0.239 0.195 0.075

$031239 1.227 0.150 0.687 0.080 0.573 0.025

S031240D  0.571 0.020 -0.164 0.029 0.000 0.000 0.984 0.052 -0.984 0.039

$031241D 0.656 0.029 0.71 0.029 0.000 0.000 0.750 0.043  -0.750 0.051

5031246 0.965 0.054 1.057 0.039 0.000 0.000

S031251 0.608 0.044 1.226 0.067 0.000 0.000

S031252 0.595 0.032  -0.861 0.056 0.000 0.000 0.346 0.080 -0.346 0.048

5031254 1.567 0.417 1.349 0.107 0.517 0.025

$031255 1177 0.092 0.297 0.065 0.307 0.032

5031264 0.888 0.097  -0.119 0.129 0.169 0.059

5031266 2.31 0.340 0.910 0.046 0.370 0.024

5031269 0.824 0.129 0.996 0.105 0.306 0.041

S031270 0.496 0.038 2.050 0.123 0.000 0.000

S031273 1.523 0.282 0.988 0.078 0.447 0.029

S031275 1.298 0.302 1.625 0.119 0.242 0.024

5031278 0.576 0.033  -0.527 0.059 0.000 0.000

5031281 0.504 0.066  -1.665 0.329 0.209 0.083

5031283 0.792 0.136 0.118 0.223 0.440 0.069

5031284 0.816 0.151 1.594 0.108 0.194 0.031

5031287 0.772 0.074 0.044 0.124 0.187 0.052

S031291 0.899 0.106  -0.570 0.184 0.281 0.079

5031298 1.065 0.220 1.486 0.11 0.221 0.030

5031299 0.509 0.051 0.790 0.081 0.000 0.000
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.4  IRT Parameters for TIMSS Joint 1995-2003 Fourth-Grade Science
(...Continued)
Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (aj) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)
S031306 1.028 0.116 1.044 0.056 0.164 0.025
S031311 3.396 0.574 0.777 0.042 0.531 0.022
S031313 1.389 0.194 1.265 0.055 0.292 0.022
S031317 1.289 0.210 0.512 0.108 0.479 0.042
S031319 1.404 0.112 1.057 0.033 0.168 0.016
S031325 0.509 0.052 0.746 0.077 0.000 0.000
S031326D  0.390 0.025 0.439 0.039 0.000 0.000 0.077 0.076  -0.077 0.076
S031330 0.738 0.044  -0.648 0.062 0.000 0.000
S031338 0.881 0.089  -0.138 0.143 0.301 0.062
S031340 1.150 0.197 1.148 0.082 0.249 0.032
S031346 0.876 0.081 1.451 0.086 0.000 0.000
S031347 0.571 0.073  -0.548 0.236 0.190 0.076
S031349 0.563 0.055  -1.355 0.244 0.206 0.079
S031356 0.485 0.072  -1.619 0.415 0.295 0.103
S031361 0.938 0.171 0.916 0.115 0.317 0.044
S031370 0.806 0.046 0.315 0.033 0.000 0.000
S031371 2.038 0.333 1.090 0.054 0.340 0.024
S031372A 1.140 0.052 0.035 0.027 0.000 0.000
S031372B  0.781 0.032 1.059 0.028 0.000 0.000 -0.275 0.042 0.275 0.052
S031376 1.270 0.239 1.363 0.086 0.226 0.027
S031379 0.736 0.073 0.101 0.128 0.179 0.053
$031382 0.651 0.042 0.343 0.039 0.000 0.000
S031383 0.722 0.078 0.974 0.075 0.094 0.031
S031384A  0.924 0.043  -0.906 0.052 0.000 0.000
S031384B  0.901 0.038  -0.216 0.032 0.000 0.000
S031387 0.676 0.134 1.498 0.144 0.142 0.039
S031389 1.664 0.326 1.340 0.075 0.290 0.023
S031390D  0.504 0.038 0.647 0.047 0.000 0.000 0.153 0.081 -0.153 0.089
S031391D  0.489 0.033 0.529 0.045 0.000 0.000 -0.224 0.088 0.224 0.091
$031393 0.998 0.045 -0.786 0.046 0.000 0.000
S031396D  0.498 0.037  -1.096 0.010 0.000 0.000 0.072 0.134  -0.072 0.084
$031398 0.719 0.103 0.343 0.155 0.188 0.061
S031399A  1.294 0.048 0.515 0.018 0.000 0.000
S031399B  1.227 0.046 0.262 0.019 0.000 0.000
$031401 1.502 0.138 0.944 0.040 0.330 0.019
S031406A  0.916 0.049  -0.477 0.047 0.000 0.000
S031406B  1.044 0.063 1.352 0.049 0.000 0.000
$031409 1.209 0.156 0.377 0.091 0.269 0.047
S031410 0.439 0.067  -0.265 0.285 0.191 0.074
S031414A  1.333 0.048  -0.078 0.021 0.000 0.000
S031414B 1.146 0.044  -0.127 0.025 0.000 0.000
$031418 1.452 0.265 1.209 0.074 0.307 0.027
$031420 1.016 0.148 1.290 0.070 0.226 0.028
$031421 0.409 0.046  -0.200 0.101 0.000 0.000
5031422 1.011 0.113  -0.755 0.168 0.294 0.078
S031426 0.872 0.123 0.092 0.164 0.313 0.065
$031427 0.714 0.091  -0.102 0.176 0.213 0.067
S031431 1.009 0.300 1.999 0.230 0.227 0.026
S031439A  1.022 0.091 1.383 0.075 0.000 0.000
S031439B  0.762 0.062 0.143 0.051 0.000 0.000
$031440 0.962 0.078 0.991 0.053 0.000 0.000
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.4  IRT Parameters for TIMSS Joint 1995-2003 Fourth-Grade Science
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (a]-) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)

S031441A 1.416 0.089 0.020 0.034 0.000 0.000

S031441B 1.032 0.057 0.727 0.030 0.000 0.000 0.629 0.041  -0.629 0.051

5031442 1.311 0.088 0.438 0.031 0.000 0.000

5031443 1.004 0.089 1.210 0.064 0.000 0.000

S031445A  1.585 0.098 0.570 0.027 0.000 0.000

50314458 1.226 0.080 -0.385 0.049 0.000 0.000

S031446A  1.005 0.073 0.786 0.042 0.000 0.000

S031446B  0.824 0.069 1.071 0.062 0.000 0.000

S031446C  0.782 0.060 0.095 0.051 0.000 0.000

5031447 0.475 0.040 1.115 0.067 0.000 0.000 0.385 0.082 -0.385 0.106

SF11001 1.802 0.136  -0.273 0.049 0.080 0.028

SF11003 1.406 0.108 0.070 0.047 0.061 0.023

SF11004 1.540 0.112 0.108 0.040 0.046 0.018

SF11005 2.51 0.182  -0.019 0.030 0.045 0.015

SF11006 1.038 0.095 0.058 0.074 0.095 0.035

SF11007 1.283 0.099 0.049 0.050 0.057 0.023

SF11008 1.356 0.104 0.095 0.047 0.056 0.022

SF11009 1.906 0.130 0.292 0.027 0.027 0.011

SF11010 3.287 0.256 0.007 0.026 0.055 0.017

SF11011 1.330 0.115 0.811 0.038 0.034 0.013

SF11012 3.009 0.217 0.081 0.024 0.035 0.013

SF11013 1.412 0.120 0.822 0.036 0.032 0.012

SF11014 2.267 0.156 0.509 0.022 0.023 0.009

SF11015 2.065 0.149 0.324 0.027 0.041 0.014

SF11016 4.185 0.332 0.174 0.018 0.021 0.007

SF11017 1.150 0.102 0.286 0.056 0.074 0.029

SF11018 2.575 0.196  -0.205 0.037 0.078 0.026

SF11019 1.731 0.103 0.176 0.026 0.000 0.000

SF11021 1.700 0.122  -0.099 0.043 0.056 0.021

SF11022 0.978 0.091 0.160 0.073 0.088 0.033

SF11023 1.786 0.130 0.160 0.034 0.046 0.017

SF11025 3.022 0.21 0.010 0.023 0.018 0.007

SF11026 2.683 0.181 0.140 0.024 0.017 0.007

SF11027 2.381 0.163 0.361 0.022 0.017 0.007

SF11029 5.523 0.469 0.180 0.015 0.013 0.005

SF11030 1.875 0.128 0.084 0.033 0.033 0.013

SF11031 2.715 0.190 0.005 0.028 0.033 0.012

SF11032 1.578 0.104 0.771 0.029 0.000 0.000

SF11033 0.944 0.073 0.867 0.049 0.000 0.004

SF12007 2.544 0.173 0.274 0.022 0.016 0.006

SF12010 1.717 0.126 0.214 0.034 0.046 0.018

SF12033 1.005 0.087 0.349 0.053 0.047 0.021

SF31001 1.168 0.102  -0.354 0.087 0.126 0.047

SF31005 1.277 0.105 1.375 0.061 0.000 0.000

SF31009 1.236 0.080 0.426 0.032 0.000 0.000

SF31017 1.164 0.118  -0.153 0.103 0.196 0.057

SF31026 0.701 0.033 0.227 0.032 0.000 0.000 -0.611 0.074 0.611 0.071

SF31044 0.974 0.071 0.798 0.044 0.000 0.000

SF31047 0.892 0.064 0.476 0.042 0.000 0.000

SF31053 0.995 0.050 0.404 0.024 0.000 0.000 -0.087 0.048 0.087 0.047

SF31061 0.773 0.105 0.005 0.177 0.244 0.070
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.4  IRT Parameters for TIMSS Joint 1995-2003 Fourth-Grade Science
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (aj) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)

SF31068 1.403 0.163 0.869 0.051 0.149 0.026

SF31072 0.918 0.054 0.276 0.031 0.000 0.000 0.525 0.053  -0.525 0.047

SF31075 0.872 0.137 0.745 0.19 0.234 0.051

SF31076 1.093 0.077 0.862 0.041 0.000 0.000

SF31077 3.166 0.343 0.691 0.028 0.238 0.021

SF31078 1.226 0.19 0.388 0.058 0.099 0.031

SF31081 0.786 0.061 0.070 0.053 0.000 0.000

SF31082 1.094 0.120 0.444 0.075 0.140 0.040

SF31088D  0.995 0.060 1.046 0.034 0.000 0.000 0.506 0.040 -0.506 0.062

SF31190 1.460 0.093 0.833 0.031 0.000 0.000

SF31193 0.871 0.1 0.532 0.107 0.168 0.049

SF31197D 0.715 0.035 0.020 0.035 0.000 0.000 -0.422 0.074 0.422 0.066

SF31204 1.214 0.088 0.962 0.042 0.000 0.000

SF31205 0.965 0.092 0.390 0.066 0.080 0.030

SF31229 1.061 0.150 0.843 0.078 0.200 0.037

SF31230 0.991 0.101  -0.468 0.135 0.200 0.065

SF31233 1.070 0.073 0.487 0.036 0.000 0.000

SF31235A 1.457 0.091 0.609 0.029 0.000 0.000

SF31235B 1.673 0.104 0.686 0.027 0.000 0.000

SF31236 0.840 0.091  -0.754 0.173 0.207 0.076

SF31239 0.662 0.075 -0.314 0.158 0.148 0.057

SF31240D  0.665 0.039  -0.040 0.042 0.000 0.000 0.809 0.074  -0.809 0.059

SF31246 1.283 0.092 1.033 0.042 0.000 0.000

SF31251 0.836 0.075 1.282 0.076 0.000 0.000

SF31254 1.541 0.207 0.748 0.060 0.288 0.032

SF31255 1.147 0.114 0.183 0.075 0.142 0.040

SF31264 1.151 0.120 0.369 0.075 0.148 0.041

SF31266 1.630 0.152 0.634 0.038 0.096 0.022

SF31270 0.658 0.071 1.719 0.137 0.000 0.000

SF31273 2.559 0.226 0.693 0.026 0.103 0.017

SF31275 1.025 0.196 1.575 0.109 0.139 0.026

SF31278 0.881 0.063 0.033 0.046 0.000 0.000

SF31281 3.948 0.430 0.522 0.026 0.292 0.023

SF31283 0.777 0.082 -0.213 0.136 0.148 0.058

SF31287 1.149 0.144 0.415 0.092 0.238 0.048

SF31291 1.405 0.134  -0.206 0.085 0.200 0.050

SF31298 0.997 0.209 1.522 0.14 0.205 0.032

SF31299 1.319 0.095 1.008 0.041 0.000 0.000

SF31306 1.071 0.137 1.049 0.063 0.094 0.026

SF31311 2.1 0.267 0.727 0.028 0.160 0.019

SF31317 1.101 0.124 0.1 0.107 0.224 0.055

SF31319 1.296 0.145 0.944 0.050 0.097 0.022

SF31325 0.853 0.066 0.799 0.049 0.000 0.000

SF31340 1.063 0.141 0.851 0.074 0.161 0.036

SF31346 1.281 0.104 1.433 0.061 0.000 0.000

SF31347 0.975 0.108 0.192 0.104 0.171 0.051

SF31356 1.321 0.156  -0.328 0.128 0.369 0.064

SF31361 0.814 0.130 0.625 0.140 0.248 0.057

SF31371 1.493 0.152 0.857 0.042 0.095 0.021

SF31372A 1.934 0.114 0.487 0.023 0.000 0.000

SF31372B 1.610 0.088 1.192 0.027 0.000 0.000 -0.091 0.036 0.091 0.049
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.4  IRT Parameters for TIMSS Joint 1995-2003 Fourth-Grade Science
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (a]-) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)

SF31376 1.166 0.216 1.408 0.088 0.189 0.027

SF31384A 1.626 0.097 -0.117 0.033 0.000 0.000

SF31384B 1.592 0.096 0.308 0.027 0.000 0.000

SF31387 1.018 0.170 1.410 0.087 0.125 0.027

SF31389 1.860 0.212 1.150 0.041 0.076 0.014

SF31390D 1.062 0.059 0.728 0.026 0.000 0.000 0.178 0.041 -0.178 0.047

SF31391D 0.705 0.044 0.699 0.035 0.000 0.000 0.075 0.059  -0.075 0.066

SF31393 1.273 0.081 -0.324 0.043 0.000 0.000

SF31396D  0.550 0.027 -0.134 0.045 0.000 0.000 -0.869 0.100 0.869 0.090

SF31398 0.963 0.109 0.428 0.085 0.133 0.041

SF31399A 1.744 0.105 0.575 0.025 0.000 0.000

SF31399B 1.555 0.094 0.396 0.027 0.000 0.000

SF31401 1.467 0.168 0.808 0.050 0.162 0.026

SF31409 2.019 0.202 0.280 0.048 0.233 0.034

SF31410 0.727 0.099 0.212 0.163 0.201 0.065

SF31414A 3.216 0.200 0.244 0.017 0.000 0.000

SF31414B 2.413 0.144 0.233 0.021 0.000 0.000

SF31418 1.051 0.121 0.773 0.063 0.106 0.030

SF31421 0.627 0.055 0.095 0.060 0.000 0.000

SF31422 1.602 0171 -0.049 0.084 0.297 0.052

SF31426 1.298 0.140 0.278 0.079 0.210 0.044

SF31427 1.064 0.128 0.446 0.092 0.196 0.046

SF31431 0.931 0.201 1.796 0.147 0.124 0.026

SF31439A 1.230 0.097 1.298 0.057 0.000 0.000

SF31439B 0.894 0.067 0.494 0.042 0.000 0.000

SF31440 1.221 0.090 1.089 0.046 0.000 0.000

SF31441A 1.430 0.089 0.224 0.030 0.000 0.000

SF31441B 1.101 0.063 0.837 0.028 0.000 0.000 0.465 0.037  -0.465 0.049

SF31442 1.320 0.087 0.668 0.032 0.000 0.000

SF31443 1.321 0.101 1.248 0.051 0.000 0.000

SF31445A 1.575 0.098 0.737 0.028 0.000 0.000

SF31445B 1.492 0.092  -0.001 0.033 0.000 0.000

SF31446A 1.187 0.083 0.919 0.039 0.000 0.000

SF31446B  0.993 0.077 1.063 0.051 0.000 0.000

SF31446C 1.022 0.071 0.433 0.037 0.000 0.000

SF31447 0.631 0.047 1.241 0.057 0.000 0.000 0.274 0.063  -0.274 0.089
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.5  IRT Parameters for TIMSS 2003 Eighth-Grade Mathematics - Number

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (aj) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)
M012001 1.719 0.062 0.278 0.018 0.138 0.009
M012004 1.370 0.075 0.830 0.029 0.290 0.010
M012016 1.546 0111 1.045 0.032 0.405 0.009
M012027 1.378 0.064 0.465 0.027 0.261 0.011
M012028 1.087 0.043  -0.127 0.034 0.147 0.016
M012041 1.198 0.043 0.102 0.025 0.102 0.012
M022004 1.575 0.080 0.678 0.025 0.282 0.001
M022010 0.848 0.034 -0.363 0.047 0.090 0.021
M022012 0.522 0.017  -0.334 0.029 0.000 0.000
M022043 0.685 0.027  -0.383 0.062 0111 0.024
M022046  0.884 0.022 -0.314 0.019 0.000 0.000
M022057 0.47 0.031 -0.151 0.144 0.192 0.040
M022066 1.296 0.036 0.162 0.017 0.066 0.008
M022104 0.863 0.027  -0.459 0.038 0.072 0.017
M022106 0.944 0.020 0.849 0.018 0.000 0.000
M022110 0.451 0.016 0.349 0.033 0.000 0.000
M022127 1.596 0.104 1.390 0.027 0.175 0.007
M022139 1.389 0.074 1.109 0.025 0.165 0.008
M022144 0.71 0.055 0.937 0.060 0.259 0.019
M022156 1.222 0.029 0.348 0.015 0.000 0.000
M022191 0.939 0.047 0.106 0.048 0.247 0.019
M022194 0.808 0.039 0.302 0.043 0.122 0.017
M022198 1.153 0.059 0.738 0.031 0.219 0.011
M022199 1.349 0.069 0.851 0.026 0.210 0.001
M022234B  0.817 0.013 1.223 0.015 0.000 0.000  -1.492 0.044 1.492 0.047
M032064 1.094 0.040 0.693 0.026 0.000 0.000
M032079 1.169 0.069 1.148 0.031 0.189 0.009
M032094 1.467 0.107 0.406 0.043 0.364 0.017
M032142 2.439 0.251 1.084 0.033 0.392 0.010
M032160 1.933 0.154 1.236 0.029 0.158 0.008
M032166 1.084 0.072 0.160 0.052 0.231 0.022
M032228 1.539 0.063 0.362 0.022 0.193 0.010
M032233 1.105 0.032 1.205 0.021 0.000 0.000 -0.433 0.037 0.433 0.045
M032307 1.494 0.032 0.980 0.013 0.000 0.000
M032352 1.297 0.010 0.519 0.048 0.360 0.017
M032381 0.976 0.034 0.263 0.024 0.000 0.000
M032416 1.255 0.072 0.805 0.030 0.080 0.010
M032447 1.138 0.073 0.665 0.038 0.149 0.015
M032523 1.956 0.087 1.176 0.016 0.156 0.005
M032525 0.905 0.038 0.167 0.037 0.102 0.016
M032529 1.313 0.088 0.949 0.033 0.137 0.011
M032533 1.718 0.072 0.452 0.020 0.214 0.009
M032570 1.638 0.080 0.491 0.025 0.321 0.011
M032609 0.882 0.045  -0.319 0.053 0.073 0.023
M032612 0.881 0.050 1.023 0.036 0.143 0.012
M032626 0.812 0.054 0.401 0.055 0.112 0.021
M032643 1.364 0.067 0.863 0.025 0.195 0.009
M032652 1.325 0.035 0.957 0.018 0.000 0.000
M032662 1.459 0.120 1.464 0.039 0.103 0.008
M032670 0.841 0.046 -1.116 0.093 0.122 0.043
M032671 0.920 0.023  -0.411 0.019 0.000 0.000
M032690 0.784 0.067 0.961 0.059 0.153 0.020
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.5 IRT Parameters for TIMSS 2003 Eighth-Grade Mathematics - Number
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (a]-) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)
M032701 1.095 0.044  -0.939 0.052 0.149 0.028
M032704 1.076 0.044  -0.070 0.035 0.150 0.016
M032725 1.117 0.042 0.920 0.028 0.000 0.000
M032727 1.619 0.101 0.607 0.030 0.211 0.013
M032755 0.749 0.022 1.353 0.031 0.000 0.000 -0.657 0.049 0.657 0.062
MC22046  0.805 0.029 -0.578 0.032 0.000 0.000
MC22110 0.591 0.025 -0.960 0.047 0.000 0.000
MC32525 0.986 0.055 -0.016 0.049 0.113 0.022
MC32701 1.311 0.068  -1.081 0.055 0.125 0.032
MC32704 1.258 0.069 -0.187 0.043 0.168 0.021
MF12001 1.527 0.076 0.176 0.027 0.113 0.013
MF12004 1.154 0.076 0.592 0.041 0.192 0.016
MF12016 0.998 0.085 0.835 0.054 0.262 0.018
MF12027 1.196 0.066 0.274 0.036 0.133 0.016
MF12028 1.125 0.061 0.107 0.039 0.115 0.018
MF12041 1.441 0.069 0.259 0.026 0.081 0.012
MF22004 0.926 0.067 0.557 0.054 0.192 0.020
MF22010 0.845 0.051 0.091 0.057 0.11 0.023
MF22012 0.807 0.029 0.018 0.028 0.000 0.000
MF22043 0.695 0.038  -0.450 0.076 0.076 0.029
MF22046 0.912 0.032 -0.322 0.026 0.000 0.000
MF22057 0.564 0.041  -0.309 0.124 0.118 0.041
MF22066 1.469 0.068 0.260 0.025 0.068 0.011
MF22104 0.808 0.050 -0.324 0.077 0.134 0.032
MF22106 1.074 0.039 0.784 0.027 0.000 0.000
MF22110 0.592 0.025 0.244 0.036 0.000 0.000
MF22127 1.302 0.120 1.578 0.048 0.124 0.009
MF22139 1.494 0.101 1.029 0.031 0.132 0.001
MF22144 0.724 0.062 0.824 0.067 0.149 0.023
MF22156 1.583 0.054 0.527 0.018 0.000 0.000
MF22191 1.071 0.056 0.155 0.038 0.088 0.016
MF22194 0.943 0.053 0.435 0.039 0.073 0.015
MF22198 0.963 0.059 0.744 0.039 0.081 0.014
MF22199 1.160 0.066 0.738 0.032 0.078 0.011
MF22234B  0.977 0.028 1.213 0.022 0.000 0.000 -1.132 0.061 1132 0.067
MF32064 1.711 0.059 0.598 0.018 0.000 0.000
MF32094 1.336 0.075 0.220 0.035 0.179 0.016
MF32142 2.974 0.331 1.204 0.028 0.378 0.001
MF32160 2.116 0.159 1.229 0.026 0.124 0.007
MF32166 1.049 0.065 0.214 0.049 0.175 0.021
MF32233 1.089 0.033 1.361 0.024 0.000 0.000 -0.463 0.041 0.463 0.051
MF32307 1.498 0.056 0.988 0.024 0.000 0.000
MF32352 1.272 0.098 0.496 0.047 0.346 0.017
MF32381 1.136 0.039 0.435 0.023 0.000 0.000
MF32416 1.053 0.060 0.841 0.034 0.055 0.010
MF32447 1.481 0.096 0.916 0.031 0.138 0.011
MF32523 1.733 0.121 1.094 0.029 0.132 0.009
MF32525 1.079 0.056 0.221 0.036 0.081 0.016
MF32529 1.824 0.140 1.128 0.030 0.183 0.009
MF32570 1.476 0.078 0.262 0.030 0.147 0.014
MF32609 1.055 0.051  -0.390 0.045 0.080 0.021
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.5 IRT Parameters for TIMSS 2003 Eighth-Grade Mathematics - Number
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(aj) (aj) (bj) (bj) (Cj) (Cj) (dj1) (dj1) (djz) (djz)

MF32626 0.864 0.063 0.693 0.054 0.163 0.020

MF32643 1.090 0.068 0.734 0.037 0.14 0.014

MF32662 1.820 0.155 1.502 0.035 0.098 0.007

MF32670 0.714 0.043  -0.500 0.090 0.1 0.035

MF32690 1.087 0.088 1.057 0.045 0.192 0.014

MF32701 1.537 0.068 -0.628 0.031 0.061 0.016

MF32704 1.358 0.067 0.090 0.030 0.098 0.014

MF32725 1.204 0.044 0.833 0.026 0.000 0.000

MF32727 1.674 0.092 0.593 0.026 0.132 0.011

MF32755 0.843 0.027 1.540 0.033 0.000 0.000 -0.486 0.046 0.486 0.062
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.6  IRT Parameters for TIMSS 2003 Eighth-Grade Mathematics - Measurement

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a;) (a;) (b;) (b;) (¢)) () (djy) (djy) (dj2) (dj2)

M012003 1.079 0.035 0.037 0.024 0.042 0.011

M012013 1.304 0.055 0.328 0.027 0.184 0.012

M012030 0.997 0.041 0.559 0.027 0.072 0.010

M012038 0.981 0.046  -0.324 0.056 0.231 0.025

M022005  0.948 0.069 1.242 0.043 0.251 0.012

M022021 1.373 0.058 0.618 0.022 0.138 0.009

M022055 1.339 0.026  0.600 0.012 0.000 0.000

M022097 1.009 0.029  -0.203 0.027 0.064 0.013

M022148 0.910 0.023 0.067 0.018  0.000 0.000

M022188 0.741 0.054 1.023 0.055 0.239 0.017

M022227A  1.300 0.030  -0.140 0.014  0.000 0.000

M022227B  2.013 0.050 0.572 0.012 0.000 0.000

M022227C  1.530  0.040 0.947 0.017 0.000 0.000

M022232 0.543 0.009 1.722 0.025 0.000 0.000 -2.064 0.058 2.064  0.066

M022234A  0.760 0.011 0.932 0.013 0.000 0.000 -0.639 0.026 0.639 0.030

M022243 1.246 0.025 0.654 0.013 0.000 0.000

M032097 0.878 0.081 1.412 0.058 0.144 0.015

M032100 1.089 0.058 0.167 0.040 0.094 0.018

M032116 0.693 0.067 0.903 0.082 0.203 0.027

M032324 1.081 0.075 0.813 0.042 0.155 0.015

M032331 2.999 0.292 1.351 0.026 0.221 0.008

M032344 1.007 0.036 0.655 0.027 0.000 0.000

M032575 1.419 0.079 0.416 0.031 0.138 0.014

M032623 1.494 0.091 0.760 0.029 0.137 0.01

M032647 0.801 0.064 1.276 0.054 0.284 0.015

M032649A  0.989 0.024 0.535 0.018  0.000 0.000

M032649B  1.246 0.034 1.216 0.021 0.000 0.000

M032678 1.165 0.040 0.490 0.021 0.045 0.008

M032699 0.698 0.038  -0.840 0.119 0.209 0.048

M032732 0.759 0.062 0.163 0.092 0.214 0.034

M032754  0.890 0.032  -0.397 0.027 0.000 0.000

MF12003 1.264 0.062 0.152 0.031 0.078 0.014

MF12013 1.147 0.063 0.262 0.038 0.109 0.017

MF12030 1.414 0.085 0.771 0.030 0.128 0.01

MF12038 1.176 0.062  -0.185 0.044 0.124 0.022

MF22005 0.771 0.090 1.511 0.079 0.252 0.020

MF22021 1.398 0.090 0.897 0.033 0.159 0.012

MF22055 1.338 0.045 0.587 0.021 0.000 0.000

MF22097 1.928 0.103  -0.109 0.027 0.182 0.016

MF22148 1.228 0.041 0.384 0.021 0.000 0.000

MF22188 0.745 0.071 1141 0.069 0.178 0.021

MF22227A  1.561 0.051 0.337 0.018  0.000 0.000

MF22227B  2.641 0.101 0.811 0.015 0.000 0.000

MF22227C  1.922 0.075 1.118 0.021 0.000 0.000

MF22232 0.540 0.017 1770  0.046  0.000 0.000 -2.413 0.118 2.413 0.130

MF22234A  0.891 0.023 0.935 0.021 0.000 0.000 -0.502 0.039 0.502 0.046

MF22243 1.304  0.044 0.623 0.022 0.000 0.000

MF32097 0.895 0.086 1.583 0.064 0.136 0.013

MF32100 0.841 0.054 0.525 0.049 0.087 0.019

MF32116 1.400 0.107 0.845 0.038 0.245 0.013

MF32324 1.047 0.075 1.089 0.042 0.100 0.012

MF32331 1.976 0.218 1.607 0.041 0.210 0.008
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.6  IRT Parameters for TIMSS2003 Eighth-Grade Mathematics - Measurement
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a;) (a;) (bj) (bj) () (¢) (dj1) (dj1) (djz) (djz)

MF32344 1.450 0.050 0.676 0.021 0.000  0.000

MF32575 1.629 0.010 0.604 0.029 0.177 0.012

MF32623 1.426 0.084 0.724 0.029 0.123 0.011

MF32732 0.615 0.061 0.795 0.103 0.198 0.032

MF32754 0.760 0.028  -0.089 0.029  0.000  0.000
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.7  IRT Parameters for TIMSS 2003 Eighth-Grade Mathematics - Data

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a;) (a;) (bj) (bj) (c)) () (dj1) (dj1) (djz) (djz)

M012006 0.524  0.031 -0.715 0.145 0.148 0.047

M012014 0.723 0.034 -0.793  0.084 0.142 0.034

MO012037 0.498 0.032 0.315 0.092 0.095 0.029

M022101 0.859 0.029 -0.340 0.041 0.119 0.018

M022135 0.729  0.035 0.857 0.034  0.048 0.011

M022146 1.223 0.047  0.238  0.026 0.144 0.012

MO022181 1.176 0.038 -0.700 0.035 0.181 0.018

M022189 0.760 0.029 -0.709 0.055 0.067 0.023

M022252 1.181 0.058  0.276  0.037 0.314 0.015

M022257 1106  0.053 0.792 0.028  0.267  0.001

MO032132 0.815 0.054 0.366 0.058 0.123 0.022

MO032271 1.500 0.063 0.474 0.023 0.204 0.001

M032507 2710  0.237 1.193 0.023  0.209  0.008

M032595 1.533 0.093 0.595 0.032 0.194 0.014

M032637C  1.408 0.046 0.387 0.019 0.000 0.000

MO032681A  0.707 0.027  -0.398 0.033 0.000 0.000

M032681B  0.755 0.030 0.773 0.035  0.000  0.000

M032681C  1.974  0.065 0.497 0.016  0.000  0.000

M032688 0.898 0.033 0.676 0.029 0.000 0.000

MO032695 0.609 0.015  -0.226 0.022 0.000 0.000  -0.951 0.055 0.951 0.053

M032721 0.619  0.085 1470  0.095  0.228 0.025

M032753A  3.430 0.118 0.741 0.009  0.000  0.000 0.124 0.014  -0.124 0.014

MO032753B  2.991 0.103 0.883 0.001 0.000 0.000 0.189 0.014  -0.189 0.015

MO032753C  1.405 0.046 0.459 0.019 0.000 0.000

M032756  0.965 0.033 0.335 0.025  0.000  0.000

M032762 0.513  0.009 1.010 0.021 0.000  0.000 -1.843 0.056 1.843 0.061

MO032763 1.747 0.047 1.438 0.013 0.000 0.000 -0.152 0.020 0.152 0.026

MO032764 1.460 0.037 1.382 0.014 0.000 0.000  -0.030 0.019 0.030 0.026

MF12006 0.598  0.052 -0.067 0139  0.202  0.044

MF12014 1.021 0.059  -0.382 0.061 0174 0.028

MF12037 0.511 0.045 0.540 0.106 0.101 0.033

MF22101 0.730 0.043  -0.402 0.084 0.109 0.033

MF22135 0.809 0.051 0.944  0.043 0.044 0.012

MF22146 0969  0.054  0.530  0.037 0.070 0.014

MF22181 0.936 0.055 -0.504 0.073 0.172 0.032

MF22189 1.084 0.055 -0.103 0.043 0.105 0.019

MF22252 0.921 0.064  0.371 0.059  0.208 0.022

MF22257 0.988  0.068  0.599  0.047 0.175 0.018

MF32132 1.695 0.117 0.952 0.028 0.170 0.010

MF32507 2.668 0.213 1.201 0.021 0.163 0.008

MF32595 1.112 0.065 0.525 0.038 0.124 0.016

MF32637C  1.270  0.043 0.615 0.022  0.000  0.000

MF32681A  0.775 0.028 0.078 0.029 0.000 0.000

MF32681B  0.878 0.034 0.929 0.033 0.000 0.000

MF32681C  1.632 0.054  0.643 0.018  0.000  0.000

MF32688 1138 0.041 0.860 0.027  0.000  0.000

MF32695 0.608 0.014 0.506 0.022 0.000 0.000 -1.157 0.057 1.157 0.060

MF32721 0.666 0.089 1.492 0.089 0.227 0.023

MF32753A  3.170 0.118  0.958  0.001 0.000  0.000 0.100 0.015  -0.100 0.016

MF32753B  4.421 0.195 1.060  0.008  0.000  0.000 0.162 0.012  -0.162 0.014

MF32753C  1.463 0.052 0.800 0.022 0.000 0.000

MF32756 0.961 0.036 0.742 0.029 0.000 0.000
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.8  IRT Parameters for TIMSS 2003 Eighth-Grade Mathematics - Geometry

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a;) (a;) (b;) (b;) () (¢) (djy) (djy) (dj2) (dj2)
M012005 1.027 0.052 0.273 0.041 0.238 0.017
M012015 0.947 0.039  -0.187 0.042 0.118 0.019
M012026 1.380 0.064 0.596 0.024 0.206 0.010
M012039 1.256 0.057 0.394 0.028 0.201 0.012
M022016 0.650 0.050 1.258 0.056 0.154 0.017
M022049 0.665 0.045 0.462 0.076 0.351 0.022
M022062 1.052 0.040 0.735 0.022 0.110 0.008
M022105 0.705 0.034 0.757 0.038 0.105 0.014
M022108 0.794 0.033 0.065 0.046 0.160 0.018
M022142 1.517 0.070 0.639 0.022 0.201 0.009
M022154 1.045 0.052 0.499 0.034 0.194 0.014
M022202 0.761 0.022 0.892 0.027 0.000  0.000
M032205 0.620 0.049  -0.066 0.117 0.151 0.041
M032261 0.971 0.048 0.633 0.032 0.141 0.013
M032294  0.845 0.053  -0.218 0.074 0.143 0.031
M032397 1.422 0.106 0.837 0.035 0.226 0.013
M032398 1.712 0.133 0.881 0.032 0.263 0.012
M032402 0.632 0.067 0.908 0.093 0.199 0.030
M032403 0.958 0.024  -0421 0.017 0.000  0.000
M032414 1.400 0.048 0.550 0.020  0.000  0.000
M032489  0.949 0.046 -0.384 0.059 0.238 0.026
M032579 1.232 0.037  -0.151 0.024 0.118 0.012
M032588 0.934  0.044 0.027 0.044 0.169 0.019
M032679 1.139 0.077 0.367 0.046 0.226 0.019
M032689 0.841 0.071 1.219 0.054 0.327 0.014
M032691 0.987 0.020 0.323 0.014  0.000  0.000
M032692 0.677 0.018 1.090 0.027 0.000  0.000 -1.162 0.059 1.162 0.067
M032693 0.839 0.023 0.628 0.022 0.000  0.000
M032734 0.872 0.031  -0.339 0.027 0.000  0.000
M032743 0.674 0.027 0.029 0.032 0.000  0.000
M032745 0.567 0.023 2.318 0.079  0.000 0.000 -1.079 0.083 1.079 0.122
MF12005 0.908 0.055 0.162 0.053 0.112 0.022
MF12015 1.116 0.061 0.098 0.041 0.115 0.019
MF12026 1123 0.066 0.499 0.036 0.110 0.015
MF12039 1.147 0.060 0.279 0.033 0.080 0.014
MF22016 0.814 0.080 1.333 0.064 0.167 0.017
MF22049 0.533 0.049  -0.085 0.162 0.172 0.050
MF22062 1.336 0.076 0.679 0.028 0.091 0.011
MF22105 0.689 0.056 0.859 0.063 0.101 0.022
MF22108 0.891 0.053 0.027 0.056 0.109 0.024
MF22142 1.647 0.091 0.568 0.025 0.115 0.011
MF22154 1.274 0.081 0.643 0.034 0.154 0.014
MF22202 0.859 0.035 1.024 0.038  0.000  0.000
MF32205 0.580 0.063 0.815 0.108 0.194 0.034
MF32294 1.667 0.101 0.397 0.030 0.222 0.014
MF32397 1.233 0.091 0.981 0.037 0.155 0.013
MF32398 1.74 0.131 0.930 0.030 0.226 0.011
MF32402 0.931 0.091 1.138 0.058 0.233 0.017
MF32414 1.426 0.050 0.710 0.021 0.000  0.000
MF32579 1.394 0.070 0.108 0.030 0.109 0.015
MF32679 1.424 0.093 0.532 0.034 0.220 0.015
MF32691 1.238 0.042 0.454 0.021 0.000  0.000
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.8  IRT Parameters for TIMSS 2003 Eighth-Grade Mathematics - Geometry
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a)) (a) (bj) (bj) (¢)) () (dj1) (dj1) (djz) (djz)

MF32692 0.754 0.021 1.241 0.027 0.000  0.000 -1.232 0.063 1.232 0.071

MF32693 0.907 0.034 0.617 0.029  0.000  0.000

MF32734 0.962 0.034 0.260 0.024  0.000  0.000

MF32743 0.669 0.027 0.309 0.034  0.000  0.000

MF32745 0.655 0.027 2.295 0.073 0.000  0.000 -1.041 0.084 1.041 0.122
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.9  IRT Parameters for TIMSS 2003 Eighth-Grade Mathematics - Algebra

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a;) (a;) (b;) (b;) (¢)) (¢)) (djy) (djy) (dj2) (dj2)

M012002 0.637 0.034  -0.402 0.088 0.148  0.031

MO012017 0.681 0.036 0.325 0.053 0.121 0.019

M012025 0.786 0.038 -0.283 0.061 0.167 0.024

M012029 1.089 0.046 0.244 0.029 0.137 0.012

M012040 1127  0.049 -0.198  0.039  0.237 0.017

MO012042 1.255 0.051 0.318 0.025 0.152 0.0

M022002 1.594 011 1.468 0.028 0.155  0.006

M022008 0.586 0.019 0.960 0.034 0.000 0.000

M022050 0.870 0.039 1.139 0.028 0.103 0.008

M022185 0.870 0.049 0.394 0.047 0.253 0.017

M022196 1.305 0.051  -0.027 0.026 0.158 0.012

M022251 0.875  0.063 1.495 0.047 0.164 0.010

M022253 1.146 0.028 0.129 0.015  0.000  0.000

M022261A  1.332 0.032 0.473 0.014 0.000 0.000

M022261B  1.744 0.046 0.927 0.014 0.000 0.000

M022261C  0.977 0.020 1.197 0.015 0.000 0.000 -1.324 0.049 1.324 0.052

M032036  0.824  0.060  0.383 0.061 0.171 0.023

M032044  0.619 0.037  0.583 0.059 0.127 0.020

M032046  0.811 0.046 1324 0.038 0.077  0.009

M032047 1.232 0.146 1173 0.058 0.428 0.015

M032163 1.402 0.086 0.514 0.033 0.191 0.014

M032198 0.977 0.075 0.682 0.051 0.225 0.018

M032208 1318 0.059  0.399 0.027 0.228 0.01

M032210 1.424  0.065 0.721 0.023 0.175  0.009

MO032273 1.101 0.078  0.023 0.061 0.335 0.023

M032295 1.624 0.090 -0.402 0.038 0.218 0.020

M032419 1.392 0.108 0.887 0.038 0.259 0.013

MO032424 0.802 0.052 0.401 0.053 0.109 0.020

M032477 1121 0.069  0.449  0.040 0.163 0.016

M032538 1.281 0.044  0.276 0.020  0.000  0.000

M032540  1.260 0.121 0.746  0.055  0.448 0.017

M032545 0.965 0.027 0.998 0.023 0.000 0.000

M032557 1.220 0.033 0.962 0.019 0.000 0.000

MO032637A  1.631 0.054 -0.225 0.018 0.000 0.000

M032637B  2.091 0.071  -0.025 0.015  0.000  0.000

M032640  0.496 0.017 1.787  0.056  0.000 0.000 -0.980  0.069 0.980  0.093

M032673 1.227  0.084 0.778 0.037 0.194 0.015

M032683 0.667 0.017 0.847 0.024 0.000 0.000 -0.921 0.052 0.921 0.058

M032698 1.376 0.092 0.677 0.035 0.204 0.014

M032728 1.087 0.097 1.022 0.049 0.250 0.015

M032738 1454  0.080 -0.203 0.038  0.204 0.019

M032744  0.872 0.034  0.645 0.030  0.000  0.000

M032757  0.596 0.014 -0.016  0.022  0.000 0.000 -1.612 0.069 1.612  0.068

MO032760A  1.115 0.028 0.818 0.015 0.000 0.000 -0.897 0.046 0.897 0.048

M032760B  2.007 0.077 1.069 0.018 0.000 0.000

M032760C  2.366 0.109 1.304 0.019 0.000 0.000

M032761 1.214  0.041 1.401 0.022  0.000 0.000 -0.281 0.034  0.281 0.043

MF12002 0.685  0.045 -0.394  0.097 0.130  0.035
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.9  IRT Parameters for TIMSS 2003 Eighth-Grade Mathematics - Algebra
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a)) (a)) (bj) (bj) (¢)) () (dj1) (dj1) (djz) (djz)

MF12017 0.814 0.052 0.506 0.049 0.093 0.018

MF12025 0.828 0.051  -0.141 0.067 0.135 0.026

MF12029 0.999 0.050 0.244 0.035 0.054 0.013

MF12040 1.295 0.080 0.159 0.041 0.250 0.018

MF12042 1.669 0.085 0.456 0.024 0.100 0.010

MF22002 0.859 0.078 1.677 0.068 0.087 0.011

MF22008 0.736 0.032 1126  0.044  0.000  0.000

MF22050 0.766 0.074 1.370 0.066 0.154 0.016

MF22185 1.002 0.065 0.360 0.047 0.172 0.019

MF22196 1.482 0.067 0.161 0.024 0.058 0.001

MF22251 0.936 0.091 1.579 0.065 0.134 0.012

MF22253 1.253 0.043 0.402 0.021 0.000  0.000

MF22261A  2.072 0.073 0.649 0.016  0.000  0.000

MF22261B  4.886 0.233 0.982 0.011 0.000  0.000

MF22261C  2.683 0.102 1.206 0.011 0.000  0.000 -0.219 0.025 0.219 0.026

MF32036 2.662 0.186 0.808 0.023 0.249 0.010

MF32047 2.049 0.293 1.458 0.042 0.404 0.011

MF32163 1.484 0.141 1.237 0.040 0.242 0.011

MF32198 1.145 0.071 0.527 0.038 0.154 0.015

MF32273 1.448 0.091 0.049  0.040 0.289 0.018

MF32295 0.947 0.049  -0.362 0.056 0.099 0.024

MF32419 1.259 0.107 1.105 0.042 0.222 0.013

MF32424 0.91 0.069  0.946 0.047 0.151 0.016

MF32477 1.197 0.080 0.764 0.037 0.157 0.013

MF32538 1.098  0.040  0.540 0.024  0.000 0.000

MF32540 1.065 0.082 0.440 0.054  0.300 0.020

MF32637A  1.187 0.040 0.194 0.021 0.000 0.000

MF32637B  1.277 0.043 0.198 0.020  0.000 0.000

MF32640 0.521 0.017 1.597 0.049  0.000 0.000  -0.752 0.062 0.752 0.083

MF32673 1.287 0.082 0.638 0.035 0.175 0.014

MF32683 0.539 0.014 1.074 0.029  0.000 0.000  -1.476 0.069 1.476 0.076

MF32698 1173 0.070 0.618 0.034 0.110 0.013

MF32728 2.852 0.260 1.158 0.023 0.220 0.009

MF32738 0.874 0.049  -0.148 0.060 0.109 0.024

MF32744 0.702 0.030 1.076 0.045 0.000 0.000

MF32757 0.576 0.013 0.109 0.022 0.000 0.000  -1.939 0.078 1.939 0.078

MF32760A  1.262 0.033 0.848 0.016  0.000 0.000  -0.747 0.042 0.747 0.045

MF32760B  2.401 0.103 1.140 0.019  0.000 0.000

MF32760C  2.822 0.148 1.330 0.019  0.000 0.000

MF32761 1.583 0.057 1.358 0.019  0.000 0.000  -0.201 0.031 0.201 0.039
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.10 IRT Parameters for TIMSS 2003 Eighth-Grade Science - Chemistry

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a;) (a;) (b;) (b;) (¢)) (¢)) (djy) (djy) (dj2) (dj2)

5012003 0919  0.044 -0.504  0.062  0.206  0.027

5012016 0.697  0.054 -0.254 0.121 0.398  0.034

5012025 1.227 0.130 1407  0.054 0405  0.001

5012040 1.567  0.079 0496  0.023 0.275  0.010

5022181 0.927  0.054 0.883  0.033  0.252 0.011

5022183 1.948  0.098  0.983 0.018  0.262  0.006

5022187 0.541 0.042 0.813  0.068  0.104  0.024

5022188 1.185 0124  1.293  0.052  0.441 0.010

5022191 0.606  0.012 -0.344  0.016  0.000 0.000 -0.347 0.034 0347  0.031

5022198 1180  0.091 1.277  0.038  0.236  0.009

5022202 1.242  0.080 0814  0.031 0.302 0.011

5022206 1195  0.089  1.082  0.035 0.288  0.010

5022208 1.650  0.089  1.005  0.021 0.298  0.007

5022276 0.797  0.046 0468  0.047 0271 0.016

5032056 0.697  0.029  0.541 0.035  0.000  0.000

5032057 1158  0.034  1.003  0.022  0.000  0.000

5032156 0.710  0.060  0.668  0.062 0.112  0.023

5032502 1.802 0.134  0.824  0.028 0220  0.01

5032562 0.631 0.017  0.264  0.021 0.000  0.000 -0.609 0.046  0.609  0.048

5032564 1.482 0.101 1.231 0.030 0.198  0.008

5032565 0792  0.035 0.909 0.040  0.000  0.000

5032570 0597 0.029 0978  0.052  0.000 0.000

5032574 1.708 0.155  0.841 0.035  0.347 0.013

5032579 0.641 0.095 1.422 0.104  0.256  0.025

5032672 0.344  0.044 -0.274 0363 0.211 0.077

5032679 0.814  0.041 1.444  0.058  0.000  0.000

5032680 0.625 0.018 -0.356  0.023  0.000 0.000 -0.047  0.045 0.047  0.040

5032683 0914  0.049  0.851 0.031 0.206  0.011

5032709 2707  0.075 0730  0.001 0.000  0.000

S032713A  1.799  0.053 1.001 0.016  0.000  0.000

S032713B  1.026  0.042 1776 0.050  0.000  0.000

SF12003 1.477  0.073  -0.130  0.031 0.114  0.016

SF12016 1127 0.065 -0.375  0.056 0.178  0.026

SF12025 0.751 0.083  0.971 0.070  0.226  0.023

SF12040 0.628  0.054  0.451 0.083 0.119  0.030

SF22181 1.496 0.110  0.766  0.031 0.209  0.013

SF22183 1.231 0.087 0783  0.034 0.140  0.013

SF22187 0.798  0.064 0.826 0.049 0.09  0.018

SF22188 1.051 0.098 0833  0.050 0.273 0.017

SF22191 0.682 0.018 0213  0.020 0.000 0.000 -0.372  0.041 0372 0.042

SF22198 0.489  0.067 1.661 0.119 0.111 0.027

SF22202 0.520  0.058  0.953  0.099 0.121 0.032

SF22206 1.264  0.088 0767  0.033 0.143 0.013

SF22208 1.248  0.010  0.860  0.038  0.200  0.014

SF22276 1.036  0.095 0.754  0.051 0.272 0.018

SF32056 0.951 0.038 0.71 0.030  0.000  0.000

SF32156 1184  0.094 0795  0.038 0.188  0.014

SF32502 0.881 0.059  0.697  0.040  0.070  0.015

SF32562 0.717 0.018 0358  0.019 0.000 0.000 -0.551 0.042 0.551 0.044

SF32565 0.662  0.034 1.31 0.062  0.000  0.000

SF32570 1.014  0.042 0904 0.032 0.000 0.000

SF32574 1.075  0.097 0.741 0.051 0.293 0.018
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.10 IRT Parameters for TIMSS 2003 Eighth-Grade Science - Chemistry
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a)) (a) (bj) (bj) (¢)) () (dj1) (dj1) (djz) (djz)

SF32579 1.577 0.155 1104 0.040 0.268 0.012

SF32672 0.654 0.082 0.619 0.116 0.347 0.033

SF32679 0.849 0.041 1.345 0.051 0.000  0.000

SF32680 0.664 0.018  -0.232 0.021 0.000  0.000 -0.240 0.043 0.240 0.040

SF32683 1.301 0.089 0.783 0.032 0.133 0.012
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.11 IRT Parameters for TIMSS 2003 Eighth-Grade Science - Physics

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a;) (a;) (b;) (b;) (¢)) (¢)) (djy) (djy) (dj2) (dj2)

5012002 0.554  0.039  -0.102 0.104 0.212 0.031

5012004 0.635 0.047  -0.038 0.096 0.324 0.028

S012015 0.993 0.048 -0.083 0.044 0.265 0.018

S012029 0.644 0.054 0.426 0.082 0.338 0.024

$012037 0.654  0.033  -1.707 0.135 0.171 0.049

5022002 1.041 0.046  0.429 0.028  0.229 0.012

5022019 0.877 0.039 -0.219  0.049  0.301 0.018

5022022 0.732 0.018 0.116 0.017 0.000 0.000

5022035 0.387 0.016 0.242 0.038 0.000 0.000

5022040 0.689 0.030 -0.286 0.051 0.071 0.018

5022041 0740  0.035 -0.732 0.073 0.163 0.027

5022042 1.301 0.046  0.325 0.020 0.175  0.001

5022054 1.214  0.052 0.463 0.024 0.251 0.0

5022058 0.903 0.059 0.251 0.054 0.363 0.018

5022069 0.996 0.022 0.432 0.014 0.000 0.000

$022222 1.054 0.056 0.634 0.029 0.173 0.012

$022225 1.264 0.109 1.527  0.049 0.121 0.007

5022268 0.658 0.018 0.612 0.022  0.000  0.000

5022279 0.721 0.022 0.203 0.021 0.000  0.000

5022281 0.483 0.017 1.256 0.044 0.000 0.000

5022286 0.786 0.032 1.603 0.052 0.000 0.000

$022292 0.822 0.019 0.334 0.016 0.000 0.000

5032024 1.759 0.214 1.232 0.042 0.291 0.01

5032055 0.717 0.036  -1.483 0.113 0.181 0.042

5032131 0.935 0.025 -0.094 0.017  0.000  0.000

5032141 2.207 0.190 0.985 0.027 0.231 0.010

$032158 0.983 0.101 0.620 0.065 0.385 0.022

S032184 0.785 0.139 1.551 0.121 0.349 0.020

$032238 1.188 0.073  0.485 0.033 0.132 0.015

5032257 0.988 0.101 1.034  0.053  0.208 0.017

5032272 0.761 0.043 1.555 0.071 0.000  0.000

5032273 0.742 0.130 1.738 0.139 0.258 0.020

$032279 0.785 0.085 1.235 0.068 0.150 0.018

$032281 1.021 0.042  -0.031 0.033 0.145 0.015

$032369 0.658  0.022 0.705 0.025 0.000 0.000 -0.123 0.039 0123 0.046

5032375 0.505 0.015 0.834  0.030 0.000 0.000 -1.168  0.062 1.168 0.070

5032392 0.462  0.040 -1.604  0.275  0.206 0.074

5032394 1.451 0.137 0.769 0.041 0.371 0.015

5032403 1.281 0.122 0.921 0.042 0.265 0.015

$032425 1.438 0.120 0.740 0.037 0.286 0.015

S032625A  1.505 0.037  0.305 0.012  0.000  0.000

S032625B  1.858  0.047 0.576 0.011 0.000  0.000

5032626 0.950 0.026  0.306 0.017  0.000  0.000

S032711 1.003 0.021 0.946 0.014 0.000 0.000 -0.368 0.024 0.368 0.029

S032712A 1.261 0.033 0.584 0.015 0.000 0.000

S032712B 1.745 0.053 1.056 0.017 0.000 0.000

SF12002 0.868  0.044 -0.206  0.043 0.057 0.016

SF12004 1.004  0.049 0.019  0.034  0.057 0.014
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.11 IRT Parameters for TIMSS 2003 Eighth-Grade Science - Physics
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a) (a)) (bj) (bj) (¢)) () (dj1) (dj1) (djz) (djz)

SF12015 0.803 0.045 -0.239 0.055 0.080 0.021

SF12029 0.782 0.068 0.570 0.062 0.195 0.023

SF12037 0.615 0.043  -0.925 0.129 0.140 0.042

SF22002 1.236 0.066 0.389 0.029 0.089 0.013

SF22019 1.168 0.056  -0.118 0.034 0.085 0.015

SF22022 1.078 0.041 0.452 0.023 0.000  0.000

SF22035 0.574 0.028 0.534 0.041 0.000  0.000

SF22040 1.087 0.065 0.450 0.033 0.096 0.014

SF22041 0.753 0.043 0.025 0.049 0.063 0.018

SF22042 1.421 0.071 0.423 0.024 0.071 0.011

SF22054 1.438 0.095 0.518 0.031 0.197 0.015

SF22058 1.054 0.067 0.219 0.045 0.183 0.020

SF22069 1.532 0.056 0.651 0.019  0.000  0.000

SF22222 1.024 0.069 0.861 0.036 0.069 0.012

SF22225 1.137 0.110 1.415 0.058 0.080 0.001

SF22268 1.068 0.045 0.881 0.030  0.000  0.000

SF22279 0.831 0.036 0.692 0.032 0.000  0.000

SF22281 0.802 0.040 1154  0.048  0.000  0.000

SF22286 1.182 0.072 1.685 0.067 0.000  0.000

SF22292 0.920 0.037 0.471 0.026  0.000  0.000

SF32024 1.479 0.170 1.248  0.046 0.252 0.012

SF32131 1.404 0.049 0.273 0.018  0.000  0.000

SF32141 1.279 0.127 1158  0.044 0.188 0.013

SF32158 0.936 0.087 0.593 0.059 0.289 0.022

SF32184 0.523 0.072 1.397 0.109 0.163 0.028

SF32238 1.014 0.067 0.595 0.037 0.107 0.015

SF32257 1.873 0.147 0.832 0.028 0.227 0.012

SF32272 0.938 0.050 1.507 0.059  0.000  0.000

SF32273 0.872 0.158 1.738 0.136 0.281 0.017

SF32279 0.765 0.095 1.420 0.084 0.157 0.018

SF32369 0.619 0.020 0.714 0.026  0.000 0.000 -0.286 0.042 0.286 0.050

SF32375 0.537 0.015 0.889 0.029  0.000 0.000 -1.175 0.060 1.175 0.068

SF32392 0.585 0.052  -0.817 0.180 0.270 0.052

SF32394 0.880 0.086 0.767 0.060 0.261 0.021

SF32403 1.324 0.130 0.980 0.042 0.267 0.014

SF32425 1.015 0.092 0.797 0.049 0.233 0.018

SF32625A  3.087 0.118 0.636 0.012 0.000  0.000

SF32625B  4.344 0.189 0.842 0.011 0.000  0.000
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.12 IRT Parameters for TIMSS 2003 Eighth-Grade Science - Life Science

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a;) (a;) (b;) (b;) (¢)) (¢)) (djy) (djy) (dj2) (dj2)

5012001 0.587 0.036 -0.138  0.087 0.165 0.028

5012014 0.994  0.044 -0.502 0.049 0236  0.020

5012026 1.023 0.074 0.105  0.066  0.562 0.017

5012028 0.761 0.040  0.481 0.039 0.113 0.015

5012038 0.950  0.065 0.521 0.048 0.374 0.016

5012039 0.904  0.056 -0.161 0.069  0.440 0.021

5022106 0.799  0.061 1.599  0.053 0.124  0.009

5022115 0.927 0.041 0.255 0.036  0.262 0.014

5022117 0.727 0.047 0.693 0.047 0.176 0.017

5022126 0.492 0.032  0.306  0.083 0.143 0.025

5022150 0.836  0.044  0.649 0.036  0.225 0.013

5022152 0.939 0.025  0.256 0.017  0.000  0.000

5022154 0.634 0.019  -0.197 0.024  0.000  0.000

5022160 0.635 0.021 0.693 0.028  0.000  0.000

5022161 0.593 0.020  0.500 0.027  0.000  0.000

5022235 0.809 0.076  0.842 0.062 0.422 0.017

5022289 0.724 0.014  0.907 0.015  0.000  0.000 0.752 0.018  -0.752 0.028

5032007 0.851 0.033 0.375 0.027  0.000  0.000

5032008 0.870  0.048 0.140 0.051 0.273 0.019

5032015 0.835 0.035 0.734  0.032  0.000  0.000

5032035 1.283  0.045  0.482 0.019 0.158  0.009

5032083 0.933  0.066 1.263  0.040 0.121 0.010

5032087 0.771 0.082 0.973  0.066  0.224  0.022

5032202 0.607 0.014  -0.002 0.016  0.000  0.000  0.265 0.030 -0.265 0.029

5032206 1.040  0.034 1.175 0.027  0.000  0.000

5032258 0.799  0.033 -0.069  0.043 0.176 0.016

5032306 0.496 0.013 0.523 0.026  0.000 0.000 -1.415  0.066 1.415 0.070

$032310D  0.567 0.018 0.024 0.024  0.000 0.000 -0.065 0.046  0.065  0.045

5032315 0.91 0.080 0.609  0.058  0.268 0.021

5032385 0.741 0.036 -0.043  0.056  0.260 0.019

5032386 0.891 0.085 1.564  0.061 0.173 0.01

5032451 0.627 0.015 0.046  0.020 0.000 0.000 -1.183  0.056 1.183 0.056

5032465 0.679  0.057 -0.188 0.110 0.241 0.036

$032530D  0.506 0.019  0.443 0.030  0.000  0.000 0715  0.045  -0.715 0.052

5032542 1.472 0.134  0.855 0.038  0.320 0.014

5032595 1.359 0.122 1.480  0.043 0.183  0.008

5032606 1190  0.089 -0.280 0.070  0.452 0.025

5032607 0.692 0.039 -0.171 0.071 0.192 0.025

5032611 1.041 0.129 1367  0.065  0.232 0.015

5032614 0.788 0.031 0.116 0.028  0.000  0.000

5032637 1.078 0.079 1.113 0.035  0.230 0.01

5032640 0.551 0.025 0.015 0.038  0.000  0.000

5032645 0.716 0.078  0.956  0.072 0.225 0.023

5032682 1.510  0.095 0.997 0.024  0.239  0.009

S032693A  1.068  0.038 0.184  0.022  0.000 0.000

S032693B  0.922 0.031 0.782 0.021 0.000 0.000 0.598  0.026 -0.598 0.037

5032695 0.885 0.028 0.749  0.020  0.000 0.000 -0.021 0.031 0.021 0.038

$032697D  0.916 0.027 0.628 0.018  0.000  0.000 -0.051 0.030 0.051 0.034

5032704 0.945 0.039 0.707 0.029  0.000  0.000

S032705A  1.383  0.049  0.453 0.019  0.000  0.000

S032705B  1.400  0.048 0.185 0.018  0.000  0.000

S032706A  1.144  0.044  0.664 0.024  0.000  0.000
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.12 IRT Parameters for TIMSS Eighth-Grade Science - Life Science
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a)) (a)) (bj) (bj) (¢)) () (dj1) (dj1) (djz) (djz)

S032706B  1.340 0.051 0.731 0.022 0.000 0.000

$032707 1.600 0.078 1.307 0.032 0.000 0.000

SF12001 0.856 0.052 0.081 0.051 0.116 0.021

SF12014 1.212 0.063  -0.237 0.041 0.154 0.019

SF12026 0.974 0.070  -0.313 0.078 0.345 0.029

SF12028 1.069  0.064 0.511 0.035 0.106 0.014

SF12038 0.798 0.051 0.062 0.057 0.117 0.022

SF12039 1.090 0.056 -0.296  0.044 0.126 0.020

SF22106 1.219 0.124 1.404 0.054 0.108 0.010

SF22115 1.130 0.072 0.396 0.039 0.179 0.017

SF22117 0.989 0.079 0.776  0.044 0.179 0.017

SF22126 0.861 0.058 0.453 0.047 0.119 0.018

SF22150 1.436 0.097 0.727 0.030 0.173 0.013

SF22152 1.496 0.052 0.487 0.018  0.000 0.000

SF22154 0.972 0.036 0.379 0.024  0.000 0.000

SF22160 0.897 0.038 0.797 0.032 0.000 0.000

SF22161 0.553 0.029 1.053 0.057 0.000 0.000

SF22235 0.896 0.087 0.805 0.059 0.264 0.021

SF22289 1.068 0.036 1.008 0.021 0.000 0.000 0.515 0.023  -0.515 0.038

SF32007 0.942 0.036 0.391 0.025 0.000 0.000

SF32015 0.991 0.040 0.825 0.030  0.000 0.000

SF32035 1.193 0.068 0.517 0.030 0.098 0.013

SF32087 0.781 0.077 0.956 0.060 0.184 0.021

SF32202 0.878 0.027 0.467 0.018  0.000 0.000 0.074 0.030 -0.074 0.033

SF32258 1.073 0.065 0.310  0.040 0.150 0.017

SF32306 0.555 0.015 0.564 0.024  0.000 0.000  -1.102 0.057 1.102 0.061

SF32310D  0.504 0.016 0.021 0.025 0.000 0.000 -0.277 0.052 0.277 0.051

SF32315 0.888 0.066  0.446 0.053 0.189 0.021

SF32385 1.294 0.076 0.229 0.037 0.200 0.017

SF32451 0.750 0.018 0.217 0.018  0.000 0.000 -0.888 0.047 0.888 0.047

SF32465 0.861 0.062 -0.074 0.072 0.236 0.027

SF32530D  0.556 0.020 0.479 0.028  0.000 0.000 0.662 0.042  -0.662 0.049

SF32542 1.341 0.099 0.645 0.036 0.249 0.015

SF32595 2.319 0.223 1.307 0.030 0.136 0.008

SF32606 0.959 0.057 -0.688 0.072 0.193 0.030

SF32611 0.984 0.106 1.254 0.057 0.184 0.015

SF32614 0.858 0.033 0.104 0.026  0.000 0.000

SF32640 0.715 0.029 0.082 0.030  0.000 0.000

SF32645 1.513 0.147 1.053 0.037 0.278 0.013

SF32693A  1.062 0.039 0.438 0.023 0.000 0.000

SF32693B  0.986 0.034 0.956 0.022 0.000 0.000 0.546 0.025 -0.546 0.039

SF32695 0.884 0.029 0.972 0.024  0.000 0.000  -0.102 0.033 0.102 0.042

SF32697D  0.920 0.028 0.91 0.021 0.000 0.000  -0.169 0.031 0.169 0.039

SF32704 0.975 0.041 0.876 0.031 0.000 0.000

SF32705A  1.547 0.054 0.523 0.018  0.000 0.000

SF32705B  1.599 0.054 0.333 0.016  0.000 0.000

SF32706A 1127 0.045 0.832 0.027 0.000 0.000

SF32706B 1.424 0.056  0.890 0.023 0.000 0.000

SF32707 1.864 0.090 1.295 0.028  0.000 0.000
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.13 IRT Parameters for TIMSS 2003 Eighth-Grade Science - Earth Science

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a;) (a;) (b;) (b;) (¢)) (¢)) (djy) (djy) (dj2) (dj2)

5012001 0.587 0.036 -0.138  0.087 0.165 0.028

5012014 0.994  0.044 -0.502 0.049 0236  0.020

5012026 1.023 0.074 0.105  0.066  0.562 0.017

5012028 0.761 0.040  0.481 0.039 0.113 0.015

5012038 0.950  0.065 0.521 0.048 0.374 0.016

5012039 0.904  0.056 -0.161 0.069  0.440 0.021

5022106 0.799  0.061 1.599  0.053 0.124  0.009

5022115 0.927 0.041 0.255 0.036  0.262 0.014

5022117 0.727 0.047 0.693 0.047 0.176 0.017

5022126 0.492 0.032  0.306  0.083 0.143 0.025

5022150 0.836  0.044  0.649 0.036  0.225 0.013

5022152 0.939 0.025  0.256 0.017  0.000  0.000

5022154 0.634 0.019  -0.197 0.024  0.000  0.000

5022160 0.635 0.021 0.693 0.028  0.000  0.000

5022161 0.593 0.020  0.500 0.027  0.000  0.000

5022235 0.809 0.076  0.842 0.062 0.422 0.017

5022289 0.724 0.014  0.907 0.015  0.000  0.000 0.752 0.018  -0.752 0.028

5032007 0.851 0.033 0.375 0.027  0.000  0.000

5032008 0.870  0.048 0.140 0.051 0.273 0.019

5032015 0.835 0.035 0.734  0.032  0.000  0.000

5032035 1.283  0.045  0.482 0.019 0.158  0.009

5032083 0.933  0.066 1.263  0.040 0.121 0.010

5032087 0.771 0.082 0.973  0.066  0.224  0.022

5032202 0.607 0.014  -0.002 0.016  0.000  0.000  0.265 0.030 -0.265 0.029

5032206 1.040  0.034 1.175 0.027  0.000  0.000

5032258 0.799  0.033 -0.069  0.043 0.176 0.016

5032306 0.496 0.013 0.523 0.026  0.000 0.000 -1.415  0.066 1.415 0.070

$032310D  0.567 0.018 0.024 0.024  0.000 0.000 -0.065 0.046  0.065  0.045

5032315 0.91 0.080 0.609  0.058  0.268 0.021

5032385 0.741 0.036 -0.043  0.056  0.260 0.019

5032386 0.891 0.085 1.564  0.061 0.173 0.01

5032451 0.627 0.015 0.046  0.020 0.000 0.000 -1.183  0.056 1.183 0.056

5032465 0.679  0.057 -0.188 0.110 0.241 0.036

$032530D  0.506 0.019  0.443 0.030  0.000  0.000 0715  0.045  -0.715 0.052

5032542 1.472 0.134  0.855 0.038  0.320 0.014

5032595 1.359 0.122 1.480  0.043 0.183  0.008

5032606 1190  0.089 -0.280 0.070  0.452 0.025

5032607 0.692 0.039 -0.171 0.071 0.192 0.025

5032611 1.041 0.129 1367  0.065  0.232 0.015

5032614 0.788 0.031 0.116 0.028  0.000  0.000

5032637 1.078 0.079 1.113 0.035  0.230 0.01

5032640 0.551 0.025 0.015 0.038  0.000  0.000

5032645 0.716 0.078  0.956  0.072 0.225 0.023

5032682 1.510  0.095 0.997 0.024  0.239  0.009

S032693A  1.068  0.038 0.184  0.022  0.000 0.000

S032693B  0.922 0.031 0.782 0.021 0.000 0.000 0.598  0.026 -0.598 0.037

5032695 0.885 0.028 0.749  0.020  0.000 0.000 -0.021 0.031 0.021 0.038

$032697D  0.916 0.027 0.628 0.018  0.000  0.000 -0.051 0.030 0.051 0.034

5032704 0.945 0.039 0.707 0.029  0.000  0.000

S032705A  1.383  0.049  0.453 0.019  0.000  0.000

S032705B  1.400  0.048 0.185 0.018  0.000  0.000

S032706A  1.144  0.044  0.664 0.024  0.000  0.000
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.13 IRT Parameters for TIMSS 2003 Eighth-Grade Science - Earth Science
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a)) (a)) (bj) (bj) (¢)) () (dj1) (dj1) (djz) (djz)

S032706B  1.340 0.051 0.731 0.022 0.000  0.000

$032707 1.600 0.078 1.307 0.032 0.000  0.000

SF12001 0.856 0.052 0.081 0.051 0.116 0.021

SF12014 1.212 0.063  -0.237 0.041 0.154 0.019

SF12026 0.974 0.070  -0.313 0.078 0.345 0.029

SF12028 1.069  0.064 0.511 0.035 0.106 0.014
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.14 IRT Parameters for TIMSS 2003 Eighth-Grade Science - Environmental Science

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a;) (a;) (bj) (bj) (¢)) (¢) (dj1) (dj1) (djz) (djz)
$012005 0.684  0.057 0.457  0.069  0.305 0.021
S012017 1110  0.059  0.536 0.027 0.197 0.011
$012042 1137 0.082 0.779  0.035 0.352 0.012
$022086 0.760 0.021 0.235 0.021 0.000  0.000
S022088A  1.016 0.024  -0.416 0.019  0.000  0.000
$022088B  0.793 0.021 0.168 0.020  0.000  0.000
$022240 0.959 0.109 1729  0.084  0.254  0.001
$022244 1.151 0.029  0.922 0.017  0.000  0.000
$022249D  0.834  0.023 0.273 0.019  0.000  0.000
$032063 0.490 0.014 1555  0.042  0.000 0.000 -0.448  0.041 0.448 0.059
S032120A  0.914 0.026 1.153 0.025  0.000  0.000
S032120B  1.286  0.040 1.403 0.026  0.000  0.000
$032122 0.642 0.031 0.941 0.048  0.000  0.000
$032126 0.593 0.025 -0.086  0.036  0.000 0.000
$032242 0.725 0.025 1.057 0.033  0.000  0.000
$032422 2.305 0.160 0.473 0.023  0.309 0.013
S032446 0.758  0.065 0.658  0.058  0.344 0.018
$032463 0.976 0.071 0149  0.055  0.229 0.021
$032510 0.866  0.058 -0.579  0.089 0.217 0.033
S032514 0.594  0.067 0.678  0.090 0.190  0.029
$032516 0.712 0.027 -0.258  0.032  0.000  0.000
$032519 0.789 0.018  0.407 0.017  0.000  0.000
$032555 0.932  0.040 0.794 0.031 0.000  0.000
$032620 0.613  0.098 1.795 0.142 0.183 0.020
S032665A  0.937 0.037 0.555 0.027  0.000  0.000
S032665B  4.615  0.209  0.798  0.001 0.000  0.000
$032665C  2.901 0.119  0.790 0.013  0.000  0.000
SF12005 2.336 0170  0.662 0.022 0.271 0.011
SF12017 2.825 0.178  0.608 0.017 0.189  0.001
SF12042 1.982 0.135 0.575 0.024  0.256 0.012
SF22086 1.037  0.040  0.501 0.024  0.000  0.000
SF22088A 2739  0.099  0.273 0.0M 0.000  0.000
SF22088B  1.983 0.075  0.562 0.015  0.000  0.000
SF22240 1.078 0.132 1.476 0.076  0.200 0.012
SF22244 0.756  0.041 1.470  0.065  0.000  0.000
SF22249D  1.289  0.053 0.797 0.024  0.000  0.000
SF32120A  1.703 0.077 1.078 0.026  0.000  0.000
SF32120B 1715  0.090 1.344  0.035 0.000 0.000
SF32122 0.845 0.039 1.018  0.041 0.000  0.000
SF32126 0.817 0.033 0.412 0.029  0.000  0.000
SF32422 1.328  0.090  0.405 0.034  0.227 0.015
SF32463 2134 0.155 0.687 0.024  0.267 0.012
SF32510 1222 0.099 0.236 0.051 0.383 0.019
SF32514 2.197 0.195 0.987 0.028  0.27 0.011
SF32516 0.783 0.029  0.052 0.028  0.000  0.000
SF32519 1.026  0.042 0.680 0.027  0.000  0.000
SF32555 1.363 0.057  0.862 0.025  0.000  0.000
SF32620 0.983 0121 1.618  0.087 0.167 0.012
SF32665A  1.21 0.050 0.729 0.024  0.000  0.000
SF32665B  3.142 0136  0.864 0.013  0.000  0.000
SF32665C  2.702 0.117  0.888 0.015  0.000  0.000
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.15 IRT Parameters for TIMSS 2003 Fourth-Grade Mathematics - Number

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a;) (a;) (b;) (b;) (c)) () (djy) (djy) (dj2) (dj2)
M011001 0.885  0.054 -0.890  0.094 0.214  0.041
M011002 0.905 0.066  0.465  0.058  0.225 0.022
M011003 0.763  0.046 -0.353 0.079 0.148 0.031
M011004 0.761 0.044 -0.983  0.098 0.139 0.039
M011007 1.090 0.062 -1.423  0.083 0.169  0.042
M011008 0.952 0.049 -0.466  0.058 0.130 0.026
M011011 1.122 0.059 -0.955  0.062 0.174  0.031
M011015 0.918  0.055 -0.063 0.061 0.197 0.025
M011016 0.986  0.061 0.240 0.051 0.195 0.021
M011018 0.716  0.036 -1.333  0.088  0.078 0.033
M011019 0.729  0.041  -0.512 0.078 0.106 0.030
M011020 0.685  0.060 0.781 0.072 0.176 0.024
M011021 0.748  0.044  -0.597 0.087 0.143 0.034
M011024 0.826  0.049 -1.994 0.135 0.161 0.060
M011026 0.623 0.047  -0.426 0.132 0.199  0.045
M011028 0.711 0.046  -0.442 0.097 0.159 0.037
M012044  0.908  0.054 0.017 0.057 0.172 0.023
M012117 0.937 0.067 0.485  0.054 0.218 0.021
M012119 0.635 0.053  0.069 0.113  0.235 0.036
M031009 0.760  0.041 0.587  0.044  0.000  0.000
M031011 0.817 0.029 -0.074  0.026  0.000  0.000
M031016 0.973 0.052 0.915  0.043  0.000 0.000
M031029  0.969  0.088 -0.023  0.088  0.270 0.035
M031030  0.940  0.054 1.202 0.053  0.000 0.000
M031065 1.004  0.034 0.038 0.022 0.000 0.000
M031106 0.786  0.023 0.097 0.022  0.000  0.000
M031108 1115 0.065  0.362 0.039 0.158 0.017
M031128 0.419  0.031  -1.561 0.119  0.000  0.000
M031130 0.943 0.047  -0.505 0.038  0.000 0.000
M031162 0.654 0.026  -0.691 0.038  0.000 0.000
M031173 1364  0.087 -0.279  0.046 0.117 0.024
M031183 0.598  0.028 0.126  0.033  0.000 0.000 0.454 0.056 -0.454  0.057
M031185 1.429 0.119 0.414  0.047 0.216 0.021
M031210 0.830 0.113 0.959  0.094  0.289 0.029
M031216 0.905 0.059  -0.321 0.078  0.263 0.032
M031218 1.083 0.092 0.204  0.064  0.204  0.028
M031235 0.672 0.022 0.415 0.027  0.000  0.000
M031282 0.657 0.013  0.901 0.019  0.000  0.000 -0.997  0.042 0.997 0.047
M031285 0.671 0.023  0.830 0.032 0.000 0.000
M031286  0.864  0.025  0.244 0.021 0.000  0.000
M031303 1.378  0.099 -0.484  0.059 0.210 0.032
M031304  0.904  0.031  -0.557 0.028  0.000  0.000
M031305  0.680 0.027 -1.043  0.044  0.000  0.000
M031306 0.710 0.027 -0.596  0.034  0.000  0.000
M031309 1.243  0.056 -0.299  0.029  0.000  0.000
M031310 1.269  0.058  -0.631 0.040 0.107 0.021
M031313 0.563 0.034 -1.335  0.084  0.000 0.000
M031332 0.838  0.085 0.242 0.098  0.257 0.035
M031341 0795  0.046 -0.715  0.085 0.144  0.035
M031344A  0.712 0.039  0.354 0.043  0.000 0.000
M031344B  1.222 0.056  0.264 0.027  0.000  0.000
M031344C  0.710  0.022 0.074  0.025 0.000 0.000 -1.220 0.075 1.220 0.075
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.15 IRT Parameters for TIMSS 2003 Fourth-Grade Mathematics - Number
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a;) (a) (bj) (bj) () (¢) (dj1) (dj1) (djz) (djz)

MO031345A  1.084 0.051 -0.061 0.030 0.000 0.000

MO031345B  1.003 0.048 0.016 0.031 0.000 0.000

MO031345C  0.657 0.048 1.659 0.100 0.000 0.000

MO031346A  1.861 0.084 -0.224 0.022 0.000 0.000

MO031346B  1.949 0.090 0.498 0.021 0.000 0.000

MO031346C  1.400 0.056 0.359 0.018 0.000 0.000 0.346 0.027  -0.346 0.030

M031347C  1.017 0.036 0.593 0.025 0.000 0.000

MO031348A  0.785 0.031 0.673 0.032 0.000 0.000

MO031348B  0.726 0.027 1.338 0.033 0.000 0.000 0.543 0.032  -0.543 0.056

M031379 1.207 0.061 0.871 0.034 0.000 0.000

M031380 1.120 0.064 1.241 0.047 0.000 0.000

MF11001 1.359 0.077 -0.474 0.040 0.055 0.018

MF11002 0.971 0.068 0.471 0.046 0.056 0.016

MF11003 1.253 0.080 0.177 0.039 0.074 0.017

MF11004 1.484 0.090 -0.075 0.036 0.084 0.018

MF11007 2121 0.130  -0.580 0.031 0.090 0.019

MF11008 1.519 0.086  -0.061 0.032 0.055 0.014

MF11011 1.199 0.075  -0.790 0.058 0.090 0.027

MF11015 0.950 0.066  -0.006 0.059 0.093 0.025

MF11016 1.155 0.085 0.363 0.046 0.110 0.020

MF11018 1.289 0.078 -0.720 0.050 0.077 0.023

MF11019 1.082 0.063  -0.349 0.046 0.054 0.018

MF11020 0.750 0.068 0.612 0.071 0.099 0.025

MF11021 1.109 0.070 -0.048 0.047 0.079 0.021

MF11024 1.393 0.089 -1.155 0.056 0.071 0.025

MF11026 1.151 0.066 0.043 0.037 0.041 0.014

MF11028 1.322 0.070  -0.003 0.031 0.028 0.010

MF12044 1.043 0.066  -0.055 0.049 0.073 0.020

MF12117 0.858 0.065 0.481 0.053 0.062 0.019

MF12119 0.934 0.064 0.184 0.052 0.071 0.020

MF31009 0.887 0.046 0.721 0.040 0.000 0.000

MF31016 1.296 0.066 0.924 0.034 0.000 0.000

MF31029 0.822 0.091 0.423 0.102 0.285 0.034

MF31030 0.722 0.046 1.439 0.076 0.000 0.000

MF31065 1.182 0.053 0.184 0.028 0.000 0.000

MF31106 1.190 0.054 0.053 0.028 0.000 0.000

MF31128 0.596 0.035 -0.723 0.059 0.000 0.000

MF31130 1.028 0.049 0.139 0.031 0.000 0.000

MF31173 1.263 0.079 0.140 0.039 0.075 0.017

MF31183 0.912 0.038 0.433 0.025 0.000 0.000 0.366 0.037 -0.366 0.043

MF31185 1.088 0.076 0.149 0.051 0.108 0.021

MF31210 1.149 0.121 0.843 0.059 0.238 0.021

MF31218 1.363 0.089 0.319 0.036 0.076 0.016

MF31235 0.833 0.042 0.31 0.037 0.000 0.000

MF31282 0.783 0.027 0.847 0.029 0.000 0.000 -0.885 0.064 0.885 0.071

MF31285 0.771 0.042 0.761 0.047 0.000 0.000

MF31286 1.410 0.062 0.199 0.025 0.000 0.000

MF31303 1.408 0.103  -0.260 0.055 0.221 0.028

MF31305 0.817 0.042 -0.786 0.048 0.000 0.000

MF31309 1.571 0.069 -0.116 0.024 0.000 0.000

MF31310 1.509 0.010 -0.342 0.047 0.155 0.026
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.15 IRT Parameters for TIMSS 2003 Fourth-Grade Mathematics - Number
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a) (a)) (bj) (bj) (¢)) () (dj1) (dj1) (djz) (djz)

MF31313 0.625 0.034  -0.759 0.056  0.000  0.000

MF31332 1.302 0.102 0.375 0.048 0.177 0.021

MF31344A  0.928 0.050 0.798 0.042 0.000  0.000

MF31344B  1.905 0.090 0.558 0.022 0.000  0.000

MF31344C  1.001 0.032 0.443 0.021 0.000  0.000 -0.888 0.059 0.888 0.061

MF31345A  1.379 0.063 0.294 0.025 0.000  0.000

MF31345B  1.294 0.060 0.369 0.027 0.000  0.000

MF31345C  0.882 0.064 1.744 0.093 0.000  0.000

MF31346A  1.702 0.076  -0.253 0.023 0.000  0.000

MF31346B  1.749 0.083 0.603 0.024  0.000  0.000

MF31346C  1.250 0.050  0.448 0.020  0.000  0.000 0.408 0.030 -0.408 0.034

MF31379 1.261 0.066 1.035 0.037 0.000  0.000

MF31380 1172 0.069 1.351 0.050  0.000  0.000
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.16 IRT Parameters for TIMSS 2003 Fourth-Grade Mathematics - Measurement

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a;) (a;) (b;) (b;) (¢)) (¢)) (djy) (djy) (dj2) (dj2)
M011005  0.444  0.033 -1.908  0.271 0.185 0.075
MO011010 0.946  0.053 -0.288  0.055 0.142 0.021
MO011013 1.103 0.092 0.458  0.050 0.351 0.018
MO011017 0.650  0.045 -0.533 0.1 0.152 0.036
MO011023 0.506  0.038 -1.245  0.209 0.174  0.061
MO011025 0.641 0.063 0.493 0.087 0229  0.028
M012023 1.183 0.091 0.093  0.058  0.426  0.020
M012065 1292  0.094  0.628  0.034  0.230 0.015
M031004 2173 0.207 0.815 0.028 0.161 0.013
M031006  0.690  0.065 -0.823 0.169  0.221 0.055
M031008 1173 0.130 1.445  0.062 0.202 0.012
M031038 0.8177  0.089 -0.254 0130  0.341 0.040
M031041 0.633 0.021 0.087 0.027  0.000  0.000
M031043 1.430 0.117  0.382 0.041 0.183 0.019
M031050 1.255  0.084  0.704 0.031 0.276 0.013
M031064  1.364 0.130  0.661 0.042 0.189 0.018
M031068 1.312 0.037 0.310 0.015  0.000  0.000
M031097 1.290 0.125 0.476 0.051 0.244 0.021
MO031178 0.905 0.096  0.809  0.059 0.130  0.020
MO031219 0.448  0.090 1.064 0.210  0.291 0.049
MO031276 1.691 0.153  0.402 0.042 0.287 0.020
M031294  0.960 0.074  -0.033  0.063 0.125 0.025
MO031297 0.643 0.038 0463  0.049  0.000 0.000
M031298 1.037  0.040  0.664 0.025  0.000  0.000
MO031299 1.302 0.035 0.055 0.016  0.000  0.000
MO031301 1.057 0.028 -0.680  0.023  0.000  0.000
MO031322 0.453 0.021  -1.294  0.064  0.000  0.000
MO031335 1107 0.054 0.028  0.036 0.198 0.015
M031338  0.643  0.062 0.155 0.110  0.273 0.033
MO031350A  1.801 0.051 0.482 0.012  0.000  0.000
M031350B  1.767  0.048 0.155 0.013  0.000  0.000
M031350C  1.287  0.040  0.687 0.017  0.000  0.000
MF11005 1.505 0.112 0.035  0.045 0.213 0.021
MF11010 0.995 0.078 -0.178  0.069 0.160 0.027
MF11013 0.793 0.074 0.198 0.077 0.141 0.028
MF11017 0.942  0.064 -0.374  0.065 0.083 0.024
MF11023 0.954 0.074  -0.579  0.089 0.171 0.034
MF11025 1.060 0.115  0.804  0.054 0.181 0.020
MF12023 1.475 0.104  0.066  0.041 0.162 0.019
MF12065 0.946  0.081 0.529  0.050  0.095 0.018
MF31004 1.1 0.107 0.864 0.046 0.111 0.016
MF31006  0.904 0.074  -0.126 0.076 0.152 0.029
MF31038 0.995 0.071  -0.161 0.059 0.102 0.023
MF31041 0.554  0.033 0.246  0.052 0.000  0.000
MF31043 1.407 0.115 0.485 0.039 0.155 0.017
MF31050 0.815 0.108 0.721 0.085 0.271 0.028
MF31064  0.863 0.072 0.720  0.049  0.053 0.014
MF31068 1.661 0.077 0.336  0.022  0.000 0.000
MF31097 1.781 0.179 0.857 0.034 0.154 0.014
MF31178 2.900 0.313  0.963 0.025 0.153 0.01
MF31219 0.998 0.115 0.795  0.060  0.205 0.021
MF31276 1.081 0.091 0.386  0.050 0.145 0.021
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.16 IRT Parameters for TIMSS 2003 Fourth-Grade Mathematics - Measurement
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a)) (a)) (bj) (bj) (¢)) () (dj1) (dj1) (djz) (djz)

MF31294 2.309 0.191 0.469 0.029 0.213 0.015

MF31297 2.583 0.123 0.413 0.017 0.000  0.000

MF31298 1.039 0.059  0.848 0.039  0.000  0.000

MF31299 1.500 0.068 0.112 0.024  0.000  0.000

MF31301 1.271 0.056  -0.373 0.030  0.000  0.000

MF31322 1.043 0.048  -0.392 0.035 0.000  0.000

MF31335 1.254 0.093 0.055 0.049 0.167 0.021

MF31350A  2.625 0.127 0.488 0.016  0.000  0.000

MF31350B  2.950 0.139 0.244 0.016  0.000  0.000

MF31350C  1.699 0.088 0.702 0.024  0.000  0.000
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.17 IRT Parameters for TIMSS 2003 Fourth-Grade Mathematics - Data

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a;) (a;) (bj) (bj) (¢)) (¢) (dj1) (dj1) (djz) (djz)
M011009 1.032 0.051  -1.409 0.076 0.122 0.035
M011012 0.819  0.039 -1.224 0.079  0.084  0.030
M012078 0.908 0.051  -0.796 0.078 0.167 0.030
M012126 0.825 0.047  -0.576 0.074 0.135 0.027
M031045 1386  0.062 -0.181 0.032 0.213 0.015
M031133 0.740  0.036 -0.965  0.054  0.000 0.000
M031134 0.582 0.024 1.065  0.043  0.000 0.000
M031135 1.254  0.091 -0.486  0.064 0.189 0.027
M031155 1.167 0.091 0.103 0.053 0171 0.022
M031172 1.046 0.077 -0.256  0.065 0.143 0.026
M031240 0.693 0.021  -1.034  0.035 0.000 0.000
M031242B 1933  0.090  0.292 0.020  0.000  0.000
M031242C  2.021 0.178  0.383 0.037  0.303 0.019
M031264 1.147 0.037 -1.020  0.030  0.000  0.000
M031265 0.759  0.030 0.340 0.030 0.000 0.000
M031315 1.606  0.094  0.431 0.027 0.201 0.013
M031333 1.262 0116  0.603  0.045 0.174 0.019
MF11009 1.210  0.089  -1.047 0.087 0.192 0.037
MF11012 1.854 0124  -0.605  0.042 0.131 0.020
MF12078 1.331 0.090 -0171 0.047 0.134 0.021
MF12126 1.019  0.087  0.068  0.066 0.199  0.026
MF31045 2.063 0.128  -0.021 0.028 0.108 0.015
MF31133 0.760 0.037 -0.329  0.042  0.000 0.000
MF31134 0.778  0.047 0.979  0.054  0.000 0.000
MF31135 0.951 0.079  0.228  0.059 0138  0.023
MF31155 1.228 0100  0.346  0.047 0174 0.020
MF31172 1.426 0.106  0.379 0.037 0.136 0.017
MF31240 0.653 0.033  -0.645 0.052  0.000  0.000
MF31242B  1.697  0.082 0.524  0.022  0.000  0.000
MF31242C  3.001 0.265 0.552 0.024  0.242 0.015
MF31264 1.853  0.085 -0.196  0.023  0.000  0.000
MF31265 1.804  0.089  0.525 0.022  0.000  0.000
MF31333 2.083 0.192 0.930  0.030 0.129 0.011
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.18 IRT Parameters for TIMSS 2003 Fourth-Grade Mathematics - Geometry

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a)) (a)) (bj) (bj) (¢)) () (dj1) (dj1) (djz) (djz)
M011006 0.518  0.041  -0.037 0.102 0.127 0.031
M011014 0.708  0.045  -1.746 0.134 0.142 0.042
M011022 0.582 0.039  -0.920 0.114 0.119 0.034
M012069  0.380  0.042 0.951 0.143 0.130 0.034
M031071 1.267 0.115  0.684  0.046 0.142 0.019
M031083 1.318  0.098 -0.193  0.050 0.156 0.026
M031085 0.937  0.098 0.611 0.072 0.212 0.027
M031088 0.574  0.065 -0.440 0176 0.246 0.051
M031093 1.159 0.114 0431 0.058  0.234  0.026
M031109 0.663 0.070  -0.136 0.125 0.215  0.042
M031159 1.141 0.100  -0.037  0.065 0.241 0.031
M031267 0.688  0.030 0.319  0.031 0.000  0.000
M031269 0.378 0.010  -0.797 0.037  0.000 0.000 -1.839  0.090 1.839  0.082
M031271 0.742 0.025 -1.265  0.042  0.000  0.000
MO031272A  2.364  0.087  -0.617 0.016  0.000  0.000
M031272B  2.183 0.093 -0.988  0.023  0.000  0.000
M031272C  2.236 0.075 0.107 0.012  0.000  0.000
M031274 0.816  0.028  -0.381 0.025  0.000  0.000
M031325 0.969  0.056 0.703 0.041 0.000  0.000
M031327 0.440  0.023  -0.191 0.045  0.000  0.000
M031330 1.009  0.055 -0.854  0.047  0.000  0.000
MO031347A  3.424 0.116 0.137  0.009  0.000  0.000
M031347B  3.477 0.119 0.177 ~ 0.009  0.000  0.000
M031351 1.542 0127  0.256  0.039 0.187 0.022
MF11006 0.854  0.088  0.643 0.076 0.189 0.028
MF11014 2.072 0.141  -0.505 0.038 0.163 0.025
MF11022 1.484 0.108  0.057 0.038 0.138 0.021
MF12069 1.117 0.126 1.203 0.075 0.199 0.019
MF31071 1.605 0.156  0.879  0.043 0.168 0.016
MF31083 1.713 0.155  0.250  0.041 0.253 0.024
MF31085 0.964  0.098 0875  0.067 0.161 0.022
MF31088 1.320 0.104 0.051 0.047 0.182 0.025
MF31093 0.742 0.073  0.602 0.078 0.139 0.027
MF31109 2.624 0.211 0.268  0.025 0.188 0.017
MF31159 4574 0.331 0.168 0.015 0.126 0.013
MF31269 0.316 0.012 -0.030  0.048 0.000 0.000 -2.214 0.135 2.214 0.134
MF31271 0.776 ~ 0.044 -0.768  0.052  0.000  0.000
MF31274 0.932 0.050 -0.283 0.035  0.000  0.000
MF31325 1124 0.064 0.876  0.042  0.000  0.000
MF31327 0.371 0.030  0.524  0.081 0.000  0.000
MF31330 1.290  0.064 -0.224 0.027  0.000  0.000
MF31351 2.438 0.172 0.397 0.021 0.081 0.012
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Exhibit D.19 IRT Parameters for TIMSS 2003 Fourth-Grade Mathematics - Patterns and
Relationships

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a;) (a) (bj) (bj) () (¢) (dj1) (dj1) (djz) (djz)
M011027 0.733 0.048  -0.676 0.110 0173 0.042
M012048 0.958 0.068 0.096  0.064 0.259 0.025
M031023 0.626 0.054  -0.043 0.124 0.215 0.040
M031051 0.767 0.047  -0.591 0.091 0.142 0.036
M031079B  1.892 0.086  -0.543 0.025 0.000  0.000
M031079C  1.293 0.062 0.387 0.028  0.000  0.000
M031098 1.684 0.122 0.240 0.036 0.162 0.017
M031187 1.035 0.081  -0.513 0.088 0.199 0.038
M031190 1.329 0.086 0.416 0.036 0.240 0.015
M031220 0.867 0.050 -0.884 0.091 0.166 0.039
M031227 1.003 0.037 1.349 0.034  0.000  0.000
M031242A  0.826 0.039  -0.209 0.038  0.000  0.000
M031245 1.600 0.149 1.040 0.039 0.122 0.012
M031247 0.554 0.027 1.273 0.055 0.000  0.000 -0.234 0.065 0.234 0.089
M031249 0.758 0.036 1.499 0.057 0.000  0.000
M031251 1.046 0.103 0.645 0.058 0.191 0.022
M031252 0.853 0.074  -0.142 0.093 0.169 0.036
M031254 0.947 0.091 0.31 0.074 0.217 0.028
M031255 0.956 0.055 0.092 0.051 0.247 0.019
M031258 1.01M 0.030 0.658 0.021 0.000  0.000
M031316 0.557 0.037  -2.156 0.121 0.000  0.000
M031317 0.756 0.067 0.521 0.066 0.081 0.023
M031334 1.392 0.077 0.683 0.026 0.214 0.011
MF11027 1.079 0.094 0.262 0.060 0.190 0.025
MF12048 0.679 0.061  -0.103 0.110 0.125 0.039
MF31051 1.318 0.094  -0.098 0.051 0.158 0.024
MF31079B  1.812 0.080  -0.353 0.024  0.000  0.000
MF31079C  1.542 0.076 0.575 0.025 0.000  0.000
MF31098 1.751 0.114 0.167 0.031 0.101 0.014
MF31187 1.619 0.131 0.175 0.044 0.251 0.021
MF31220 1.649 0.116  -0.199  0.044 0.180 0.022
MF31227 1.262 0.075 1.253 0.045 0.000  0.000
MF31242A  1.161 0.053 0.212 0.028  0.000  0.000
MF31245 1.379 0.130 1.117 0.044 0.101 0.012
MF31247 0.695 0.034 1.477 0.055 0.000  0.000 -0.227 0.058 0.227 0.086
MF31251 1.893 0.161 0.715 0.032 0.177 0.014
MF31252 0.974 0.078  -0.030 0.069 0.145 0.029
MF31254 1.526 0.124 0.437 0.039 0.185 0.018
MF31255 1.368 0.125 0.219 0.057 0.307 0.024
MF31258 1.158 0.057 0.609 0.031 0.000  0.000
MF31316 0.893 0.044  -1.243 0.052 0.000  0.000
MF31317 0.838 0.062 0.436 0.051 0.050 0.017
MF31334 1.221 0.113 0.696 0.047 0.180 0.019
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Exhibit D.20 IRT Parameters for TIMSS 2003 Fourth-Grade Science - Life Science

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a;) (a;) (b;) (b;) (c)) () (djy) (djy) (dj2) (dj2)

5011004 0.590  0.042  -0.656 0.110 0.166 0.032

5011010 0.516  0.043 -2916  0.349 0.317  0.086

5011015 0.521 0.045  -0.971 0.183  0.266  0.045

5011016 0.550  0.040 -2.553  0.248 0.215  0.067

5011019 0.544 0.024  -1.287  0.060  0.000  0.000

5011021 0.437 0.036 -2.159  0.284 0.198  0.065

5011025 0.735 0.055  -1.068 0.133 0.379 0.037

5011026 0.285 0.024  -3.703  0.464 0.182 0.081

5011031 0.750  0.043  -1.834 0.117 0.139 0.035

5011033 0.382 0.069 1.626 0.183  0.228 0.035

5012010 1.041 0.071  -0.069  0.057  0.294  0.023

5012033 0.470  0.047 -0.036 0.141 0.183 0.037

5031001 0.870  0.067 -0.849  0.099 0.180 0.036

5031003 0.638  0.048  -0.420 0.103 0.21 0.032

5031017 0.729  0.059  -0.437 0.112 0.326 0.035

5031026 0.508 0.012 -0.116  0.020  0.000 0.000 -0.736  0.045 0.736  0.043

5031190 1.004  0.060 0.714  0.038  0.000 0.000

5031193 0.555 0.061  -0.346 0.152 0.167  0.044

5031212 0.580  0.046 -0.571 0.127 0.213 0.037

5031218 0.674  0.029 -0.143 0.032  0.000 0.000

5031229 1.796 0108  0.669  0.023 0.287 0.0M1

5031230 0.588  0.053  -1.478 0.190 0.164  0.049

5031233 0.209  0.023 -0.973 0.157  0.000  0.000

S031235A  1.408  0.042 0.441 0.014  0.000  0.000

S031235B  1.493  0.045 0.561 0.014  0.000  0.000

5031236 0.834  0.067 -1.014 0.116  0.205  0.040

5031239 0.998  0.081 0.285 0.059  0.465 0.019

50312400  0.646 0.017  -0.256 0.019  0.000  0.000 0.710  0.034  -0.710 0.028

S031241D  0.631 0.023 0.513 0.024  0.000  0.000  0.563 0.035 -0.563 0.042

5031246 0.798  0.040 1.028  0.044  0.000  0.000

5031251 0.613 0.033 1.035  0.054  0.000  0.000

5031252 0.473 0.018 -1.298  0.046  0.000  0.000  0.500 0.072  -0.500  0.046

5031254 1.449  0.292 1.088  0.084  0.503 0.020

5031255 1127  0.066  0.036  0.044  0.321 0.018

5031264 0.846  0.059 -0.444  0.066  0.068 0.022

5031266 2966 0325 0.696  0.030  0.352 0.016

5031269 0.569  0.059 0439  0.097 0.226 0.030

5031270 0.545 0.030 1.701 0.084  0.000  0.000

5031281 2,934  0.398 0.316  0.041 0.635 0.018

5031283 0.708  0.072  -0.521 0.138  0.272 0.043

5031284 0.665 0.133 1.940  0.202 0.228 0.020

5031287 1.063 0.079 0.136  0.053  0.298 0.022

5031291 0.994  0.067 -1.033 0.079 0.109 0.027

S031317 0.768  0.095 0.01 0.126  0.366 0.039

5031319 1.562 0.108  0.962 0.027 0.21 0.001

5031325 0.667  0.044 0.417  0.046  0.000  0.000

S031326D  0.471 0.018  0.346 0.027  0.000  0.000 0.012 0.049  -0.012 0.053

5031330 0.883 0.033  -0.576  0.031 0.000  0.000

5031338 0.718  0.046  -0.682 0.089 0.183 0.029

5031340 0.910 0.111 0.833  0.067 0.181 0.024

5031346 0.81 0.065 1.358  0.086  0.000  0.000

5031347 0.671 0.065 -0.754 0.145 0.198  0.046
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Exhibit D.20 IRT Parameters for TIMSS 2003 Fourth-Grade Science - Life Science
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a;) (a) (bj) (bj) () (¢) (dj1) (dj1) (djz) (djz)

S031349 0.684 0.047  -1.324 0.132 0.234  0.040

S031356 0.635 0.068  -1.624 0.246 0.331 0.060

S031361 0.808 0.097 0.561 0.079 0.216 0.029

S031390D  0.546 0.029 0.355 0.035 0.000  0.000 0.123 0.061  -0.123 0.065

S031426 0.796 0.080  -0.160 0.105 0.260 0.037

S031431 0.718 0.159 1.824 0.212 0.185 0.023

S031439A  0.898 0.066 1.259 0.071 0.000  0.000

S031439B  0.693 0.043 0.116 0.042 0.000  0.000

S031441A 1559 0.075  -0.089 0.024  0.000  0.000

S031441B 1.238 0.055 0.580 0.021 0.000  0.000 0.514 0.028  -0.514 0.037

$031442 1.376 0.071 0.194 0.025 0.000  0.000

$031443 0.946 0.065 0.959 0.051 0.000  0.000

SF11004 3.624 0.290 0.200 0.019 0.213 0.016

SF11010 4.840 0.436  -0.023 0.021 0.279 0.019

SF11015 2.282 0.163 0.213 0.024 0.135 0.016

SF11016 2.429 0.128  -0.139 0.021 0.017 0.006

SF11019 1.970 0.092  -0.002 0.019  0.000  0.000

SF11021 4.966 0.481 0.119 0.019 0.327 0.018

SF11025 2.778 0.150  -0.112 0.019 0.016 0.005

SF11026 2.216 0.116  -0.145 0.023 0.019  0.006

SF11031 2.245 0.124  -0.189 0.025 0.035 0.001

SF11033 1.134 0.072 0.594 0.033 0.014 0.005

SF12010 1.610 0.114 0.124 0.033 0.115 0.018

SF12033 1.072 0.104  0.400 0.054 0.167 0.024

SF31001 1.066 0.073  -0.532 0.065 0.142 0.028

SF31017 1.219 0.104  -0.233 0.072 0.256 0.034

SF31026 0.715 0.026 0.084 0.025 0.000  0.000 -0.611 0.058 0.611 0.057

SF31190 1.308 0.070 0.628 0.029  0.000  0.000

SF31193 1.062 0.101 0.297 0.060 0.219 0.026

SF31229 1.281 0.126 0.590 0.045 0.199 0.021

SF31230 1.155 0.082  -0.548 0.067 0.175 0.030

SF31233 0.994 0.053 0.261 0.031 0.000  0.000

SF31235A  2.156 0.107 0.413 0.017 0.000  0.000

SF31235B  2.243 0.113 0.530 0.018  0.000  0.000

SF31236 0.819 0.067  -0.97 0.116 0.210  0.040

SF31239 0.870 0.079  -0.162 0.086 0.216 0.033

SF31240D  0.724 0.033  -0.080 0.029  0.000  0.000 0.553 0.050  -0.553 0.045

SF31246 1.257 0.074 0.897 0.037 0.000  0.000

SF31251 0.843 0.057 1.008 0.057 0.000  0.000

SF31254 1.556 0.154 0.522 0.043 0.279 0.021

SF31255 1.387 0.116 0.058 0.050 0.226 0.025

SF31264 1.242 0.100 0.151 0.049 0.174 0.023

SF31266 1.688 0.128 0.473 0.029 0.116 0.015

SF31270 0.921 0.066 1.218 0.066  0.000  0.000

SF31281 1.468 0.127 0.260 0.043 0.224 0.022

SF31283 1177 0.089  -0.212 0.061 0.189 0.028

SF31287 1.080 0.091 0.079 0.058 0.172 0.026

SF31291 1.650 0.099 -0.464 0.041 0.108 0.021

SF31317 1.1M 0.098  -0.099 0.072 0.264 0.031

SF31319 1.199 0.124 0.875 0.048 0.129 0.017

SF31325 0.972 0.058 0.622 0.037 0.000  0.000
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478

Exhibit D.20 IRT Parameters for TIMSS 2003 Fourth-Grade Science - Life Science
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a) (a)) (bj) (bj) (¢)) () (dj1) (dj1) (djz) (djz)

SF31340 1.037 0.122 0.789 0.060 0.209 0.023

SF31346 1.099 0.078 1.310 0.063 0.000  0.000

SF31347 1.270 0.114 0.139 0.056 0.258 0.026

SF31356 1.442 0.118  -0.543 0.073 0.337 0.034

SF31361 0.813 0.093 0.485 0.079 0.216 0.030

SF31390D 1.122 0.049 0.501 0.020  0.000  0.000 0.125 0.032  -0.125 0.036

SF31426 1.314 0.108 0.081 0.050 0.203 0.025

SF31431 0.949 0.154 1.479 0.112 0.133 0.018

SF31439A  1.210 0.077 1.014 0.045 0.000  0.000

SF31439B  0.906 0.052 0.327 0.034  0.000  0.000

SF31441A 1.515 0.072 0.046 0.023 0.000  0.000

SF31441B 1.194 0.055 0.634 0.021 0.000  0.000 0.376 0.028  -0.376 0.038

SF31442 1.401 0.072 0.372 0.024  0.000  0.000

SF31443 1.484 0.086 0.852 0.032 0.000  0.000
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Exhibit D.21 IRT Parameters for TIMSS 2003 Fourth-Grade Science - Earth Science

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a;) (a;) (b;) (b;) (¢)) (¢)) (djy) (djy) (dj2) (dj2)

5011003 0.939  0.065 -0.251 0.072 0.294  0.029

5011005 0.860  0.047 -0.871 0.069 0.159  0.028

5011007 0.737  0.046 -0.739  0.088 0.199  0.032

5011012 0.697 0.047  -1.506 0.131 0.213  0.040

5011013 0.735 0.059  0.665  0.064 0.189  0.022

5011018 0.522 0.038 -2.936  0.277 0.192 0.074

5011022 0.649  0.049 -0.41 0.107 0.251 0.035

5011023 0.953 0.051  -0.372 0.051 0138  0.023

5011027 0.945 0.072  -0.165 0.076 0348  0.029

5011032 0.628 0.028 0.186  0.032  0.000  0.000

5012007 0.587 0.047 -0.886 0.149  0.281 0.042

5031044 0.565 0.038  0.269 0.051 0.000  0.000

5031047 0.534  0.036 0.013 0.052  0.000  0.000

5031060 0.978  0.097 1.328  0.066  0.255 0.016

5031081 0.446  0.032 -1.046  0.093  0.000 0.000

5031082 0.467  0.044 -0.663 0.196 0.251 0.048

$031088D  0.290 0.014  0.673 0.071 0.000  0.000 1.886 0.104  -1.886 0.129

5031275 0.839 0.133 1.616 0.121 0.228  0.022

5031278 0.670 0.024  -0.479  0.030  0.000  0.000

5031376 0.940 0.131 1309  0.098  0.266 0.024

5031379 0.638  0.044 -0.081 0.080 0.141 0.028

5031382 0.522 0.026 0.179  0.038  0.000  0.000

5031383 0.638 0.051 0.955  0.066 0.103 0.020

S031384A  2.034  0.057 -0.741 0.015  0.000  0.000

S031384B  1.968  0.052 -0.232 0.013  0.000  0.000

5031387 0.840 0.126 1.516 0.114 0.215 0.024

5031389 1.001 0.140 1.337  0.095 0.271 0.022

S031391D  0.358 0.019  0.407 0.049 0.000 0.000 -0.417 0.092 0.417 0.100

5031393 0.935 0.031  -1.066  0.033  0.000  0.000

S031396D  0.463 0.022  -1.149  0.061 0.000  0.000 -0.412 0.101 0.412 0.076

5031398 1.040 0.010 0.128 0.070  0.232 0.031

5031401 1.187 0.076 0.770  0.039  0.296 0.014

5031440 0.624  0.044 1.138 0.077  0.000  0.000

SF11003 1.523 0.093  -0.162 0.033 0.052 0.015

SF11005 2.277 0136  -0.198 0.026  0.043 0.012

SF11007 1.377  0.084 -0.217 0.038  0.061 0.017

SF11012 3.045 0206 -0.137 0.023 0.073 0.013

SF11013 1.637 0.113  0.490 0.026  0.036  0.009

SF11018 1.868 0.120  -0.517  0.045 0.155 0.028

SF11022 1350 0.084 -0.130  0.036  0.055 0.016

SF11023 2.216 0.143  0.004  0.022 0.035  0.001

SF11027 3.155  0.223 0.125 0.016  0.052 0.009

SF11032 1.217  0.066  0.575 0.032  0.000  0.000

SF12007 2.539 0.185  0.083 0.020  0.067 0.012

SF31044 0.512 0.037  0.858 0.075  0.000  0.000

SF31047 0.802  0.046 0.247 0.038  0.000  0.000

SF31081 0.575 0.037  -0.217 0.051 0.000  0.000

SF31082 0.940  0.081 0.163  0.063 0.149  0.028

SF31088D  0.727 0.036 1.001 0.038  0.000 0.000 0659 0.042 -0.659  0.068

SF31275 0.828 0.103 1.430  0.096 0.148 0.021

SF31278 1.377  0.068 -0.003 0.024  0.000  0.000

SF31376 1.365 0.150 1.220  0.063  0.208 0.016
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Exhibit D.21 IRT Parameters for TIMSS 2003 Fourth-Grade Science - Earth Science
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a)) (a)) (bj) (bj) (¢)) () (dj1) (dj1) (djz) (djz)

SF31384A  6.236  0.404  -0.195 0.013 0.000  0.000

SF31384B  5.358 0.317 0.120 0.009  0.000  0.000

SF31387 0.879 0.104 1.297 0.086 0.138 0.021

SF31389 1.637 0.143 1121 0.047 0.119 0.012

SF31391D  0.624 0.029 0.421 0.031 0.000  0.000 -0.041 0.054 0.041 0.060

SF31393 1.417 0.066  -0.503 0.029  0.000  0.000

SF31396D  0.474 0.018  -0.307 0.036  0.000 0.000 -1.154 0.089 1.154 0.085

SF31398 0.869 0.081 0.190 0.075 0.170 0.032

SF31401 1.039 0.097 0.646 0.057 0.163 0.022

SF31440 0.697 0.048 1.223 0.076  0.000  0.000
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Exhibit D.22 IRT Parameters for TIMSS 2003 Fourth-Grade Science - Physical Science

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a;) (a;) (b;) (b;) (¢)) (¢)) (djy) (djy) (dj2) (dj2)

5011001 0.645  0.043  -1.564 0.162 0.191 0.055

5011006 0.481 0.047 -0.989  0.251 0.272  0.063

5011008 0.670  0.046 -0.428  0.094 0.145  0.033

5011009 0459  0.038 -1.079  0.212 0172  0.057

S011011 0.901 0.093 0.940  0.059 0279  0.019

5011014 0.774  0.053 -0.164  0.075 0.194  0.028

5011017 0.559  0.042 -0.504 0.127 0.153  0.039

5011029 0789  0.048  -1.898 0.138 0.194  0.053

5011030 0.449  0.035 -2.062  0.275 0.194  0.074

5031005 0.651 0.036 1.492  0.072  0.000  0.000

5031009 0712 0.024 -0.086  0.024  0.000  0.000

5031035 0.689  0.055 -0.687 0.134  0.287  0.043

5031038 0.511 0.045 -0993 0210  0.219  0.059

5031053 0.532 0.017  -0.013  0.023  0.000  0.000 -0.182  0.047 0.182  0.046

5031061 0.546  0.067 -0.387 0.212  0.249  0.059

5031068 1.135 0135 0818  0.060 0.238  0.023

5031072 0.672  0.030 0.073 0.032 0.000 0.000 0.767 0.052 -0.767  0.052

5031075 0.348  0.081 1.21 0.351 0.329  0.062

5031076 0.558  0.040 0908  0.072  0.000  0.000

5031077 0.574  0.057 -0.921 0.194 0.187  0.058

5031078 0.690  0.060 0.258  0.094 0318  0.030

S031197D  0.483 0.019 -0.688  0.044  0.000  0.000 -0.799  0.091 0.799  0.078

5031204 0.431 0.035  0.845 0.087  0.000 0.000

5031205 0.622  0.044  0.051 0.085 0.194  0.028

5031273 0.528  0.062  0.255 0.132 0.136  0.041

5031298 0.602 0.120 1.728 0.182  0.204  0.029

5031299 0.576 ~ 0.040  0.703  0.061 0.000  0.000

5031306 0.974  0.090  0.961 0.048 0.194  0.017

S031311 0.756  0.062  -0.159  0.081 0.106  0.030

$031313 0.854  0.096 1.131 0.065  0.231 0.020

$031370 0.954  0.036 0.199  0.023  0.000  0.000

S031371 0.586  0.087  0.953 0.118 0.176  0.036

S031372A°  1.004  0.035 -0.284  0.024  0.000  0.000

S031372B  0.805  0.025 0910  0.024  0.000  0.000 -0.238  0.034  0.238  0.043

S031399A  1.405  0.039  0.285 0.014  0.000  0.000

S031399B  1.453  0.039  0.087 0.013  0.000  0.000

S031406A  0.862  0.033 -0.570  0.031 0.000  0.000

S031406B  0.994  0.046 1169  0.040  0.000  0.000

5031409 0.945  0.081 -0.159  0.080 0.199  0.033

5031410 0.385  0.047  -0.691 0.283 0.166  0.065

S031414A 1874  0.050 -0.165 0.012  0.000  0.000

S031414B  1.699  0.046  -0.203 0.013  0.000  0.000

5031418 0.867 0.109  0.905  0.075 0.188  0.026

5031420 0.706  0.072 1.031 0.067 0.161 0.022

5031421 0.428  0.031 -0.600 0.076  0.000  0.000

5031422 0.601 0.052  -1.654  0.202 0.164  0.062

5031427 0.460  0.055 -0.404  0.219 0.171 0.058

S031445A  1.690  0.080  0.359  0.021 0.000  0.000

S031445B  1.348  0.065 -0.466  0.030  0.000  0.000

S031446A  1.148  0.060  0.577  0.031 0.000  0.000

S031446B 0937  0.056  0.826  0.045  0.000  0.000

S031446C  0.846  0.046  0.015  0.035  0.000  0.000
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APPENDIX D: ITEM PARAMETERS FOR IRT ANALYSES OF TIMSS 2003 DATA

Exhibit D.22 IRT Parameters for TIMSS 2003 Fourth-Grade Science - Physical Science
(...Continued)

Item Slope S.E. Location S.E. Guessing S.E. Step 1 S.E. Step 2 S.E.
(a) (a)) (bj) (bj) (¢)) () (dj1) (dj1) (djz) (djz)

$031447 0.463 0.029 1.026 0.061 0.000 0.000 0.324 0.067 -0.324 0.092

SF11001 1.697 0.107  -0.401 0.039 0.113 0.021

SF11006 1.065 0.074  -0.213 0.055 0.103 0.024

SF11008 1.610 0.099 -0.044 0.032 0.076 0.016

SF11009 1.606 0.109 0.025 0.036 0.138 0.020

SF11011 1.663 0.139 0.694 0.033 0.122 0.014

SF11014 2.053 0.129 0.332 0.024 0.073 0.012

SF11017 1.101 0.084 0.096 0.051 0.132 0.024

SF11029 5.168 0.469 0.135 0.017 0.235 0.016

SF11030 4.958 0.455 0.140 0.018 0.255 0.016

SF31005 0.913 0.067 1.479 0.080  0.000 0.000

SF31009 0.899  0.048 0.193 0.033 0.000 0.000

SF31053 0.808 0.032 0.204 0.023 0.000 0.000  -0.116 0.045 0.116 0.046

SF31061 0.707 0.077  -0.081 0.128 0.238 0.044

SF31068 1.259 0.126 0.758 0.047 0.165 0.019

SF31072 0.797 0.037 0.235 0.027 0.000 0.000 0.562 0.043  -0.562 0.045

SF31075 1.064 0.133 0.699 0.070 0.310 0.025

SF31076 0.965 0.054 0.773 0.041 0.000 0.000

SF31077 3.196 0.292 0.544 0.025 0.278 0.015

SF31078 0.810 0.067 0.120 0.066 0.087 0.026

SF31197D  0.568 0.021  -0.160 0.031 0.000 0.000 -0.688 0.071 0.688 0.067

SF31204 0.821 0.050 0.847 0.050  0.000 0.000

SF31205 0.570  0.064 0.378 0.110 0.124 0.036

SF31273 2.164 0.173 0.617 0.027 0.152 0.014

SF31298 0.917 0.156 1.464 0.109 0.226 0.021

SF31299 1.21 0.067 0.857 0.036  0.000 0.000

SF31306 1.003 0.086 0.798 0.047 0.065 0.016

SF31311 2.322 0.192 0.597 0.027 0.185 0.014

SF31371 1.199 0.114 0.789  0.046 0.121 0.018

SF31372A  2.285 0.103 0.246 0.017 0.000 0.000

SF31372B 1.704 0.074 0.998 0.020  0.000 0.000  -0.053 0.028 0.053 0.037

SF31399A  3.308 0.161 0.335 0.014  0.000 0.000

SF31399B 3.151 0.150 0.222 0.014  0.000 0.000

SF31409 1.369 0.108 0.061 0.050 0.214 0.027

SF31410 0.738 0.072  -0.017 0.102 0.192 0.037

SF31414A  5.099 0.273 0.077 0.011 0.000 0.000

SF31414B 3.961 0.197 0.070 0.012 0.000 0.000

SF31418 0.891 0.100 0.810 0.066 0.147 0.024

SF31421 0.515 0.033  -0.284 0.057 0.000 0.000

SF31422 1.362 0129  -0.185 0.073 0.410 0.031

SF31427 1.022 0.101 0.323 0.068 0.246 0.028

SF31445A  1.784 0.085 0.528 0.021 0.000 0.000

SF31445B  1.392 0.065 -0.161 0.026  0.000 0.000

SF31446A  1.455 0.073 0.649 0.026  0.000 0.000

SF31446B  1.062 0.061 0.849 0.039  0.000 0.000

SF31446C  0.906  0.048 0.204 0.033 0.000 0.000

SF31447 0.574 0.033 1.156 0.054  0.000 0.000 0.332 0.054  -0.332 0.082
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APPENDIX E: SUMMARY STATISTICS AND STANDARD ERRORS FOR PROFICIENCY IN MATHEMATICS AND SCIENCE

Exhibit E.1 Summary Statistics and Standard Errors for Proficiency in Number in the
Eighth Grade

Number
country Sample Size IVI.e.an Star'ldérd JSZ?:I(:)::; Overall
Proficiency Deviation Standard Error
Error
Armenia 5726 473.267 79.505 3.109 3.126
Australia 4791 498.444 85.356 4.543 4.591
Bahrain 4199 380.319 80.907 1.628 1.887
Belgium (Flemish) 4970 539.216 68.211 2.462 2.666
Botswana 5150 382.318 68.160 1.939 2.183
Bulgaria 4117 476.678 83.568 3.979 4.108
Chile 6377 389.569 83.970 2.922 3.101
Chinese Taipei 5379 585.280 101.405 4.491 4.561
Cyprus 4002 463.727 83.227 1.330 1.492
Egypt 7095 420.540 85.114 2.986 3.011
England 2830 484.823 79.581 4.794 5.017
Estonia 4040 522.729 71.906 3.035 3.120
Ghana 5100 289.258 100.874 4.675 5.065
Hong Kong, SAR 4972 585.716 71.429 3.209 3.233
Hungary 3302 528.668 83.381 3.517 3.617
Indonesia 5762 421.155 85.931 4.498 4.581
Iran, Islamic Rep. of 4942 416.253 76.089 2.146 2.348
Israel 4318 503.578 84.842 3.239 3.317
Italy 4278 479.593 76.516 3.042 3.221
Japan 4856 556.710 89.474 2.180 2.343
Jordan 4489 413.374 94.335 4.276 4.409
Korea, Rep. of 5309 585.844 86.000 1.916 2.117
Latvia 3630 506.774 74.256 3.050 3.210
Lebanon 3814 429.979 68.779 3.112 3.260
Lithuania 4964 499.762 80.485 2.512 2.676
Macedonia, Rep. of 3893 437.596 80.003 3.408 3.485
Malaysia 5314 524137 72.51 3.937 4.019
Moldova, Rep. of 4033 462.580 76.786 3.706 3.844
Morocco 2943 384.420 67.522 2.249 2.668
Netherlands 3065 538.549 68.309 3.519 3.562
New Zealand 3801 481.346 83.145 5.864 5.999
Norway 4133 455.986 73.523 2.038 2.266
Palestinian Nat'l Auth. 5357 385.293 95.520 3.336 3.597
Philippines 6917 393.469 87.108 5.048 5.101
Romania 4104 474.491 88.736 4.724 4915
Russian Federation 4667 505.121 81.205 3.864 3.989
Saudi Arabia 4295 307.052 87.039 4.867 5.331
Scotland 3516 483.860 78.723 3.871 4.164
Serbia 4296 477.223 84.391 2.487 2.827
Singapore 6018 617.541 77.753 3.440 3.462
Slovak Republic 4215 514.232 82.868 3.266 3.338
Slovenia 3578 498.419 70.933 1.968 2.01
South Africa 8952 273.938 106.715 5.209 5.433
Sweden 4256 495.812 71.351 2.498 2.605
Tunisia 4931 419.390 61.945 2.044 2.272
United States 8912 507.636 80.968 3.258 3.352
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APPENDIX E: SUMMARY STATISTICS AND STANDARD ERRORS FOR PROFICIENCY IN MATHEMATICS AND SCIENCE

Exhibit E.2  Summary Statistics and Standard Errors for Proficiency in Number in the
Fourth Grade

Number
country Sample Size M.e.an Star.\da?rd gi:\d;::; Overall
Proficiency Deviation Standard Error
Error
Armenia 5674 473.328 84.044 2.779 2.958
Australia 4321 478.579 89.937 4.174 4.333
Belgium (Flemish) 4712 548.604 65.837 1.853 1.912
Chinese Taipei 4661 567.638 70.116 1.696 1.821
Cyprus 4328 513.697 90.674 2.391 2.652
England 3585 519.046 96.405 3.928 4.064
Hong Kong, SAR 4608 573.781 69.400 3.212 3.320
Hungary 3319 523.559 75.099 2.726 2.909
Iran, Islamic Rep. of 4352 410.107 78.901 3.682 3.742
Italy 4282 502.491 85.291 3.567 3.590
Japan 4535 555.833 83.143 1.71 2.024
Latvia 3687 530.908 76.392 2.527 2.630
Lithuania 4422 535.081 76.314 2.644 2.901
Moldova, Rep. of 3981 506.567 86.178 4.536 4.654
Morocco 4264 359.182 92.172 4.640 4.651
Netherlands 2937 536.190 63.546 2.113 2.246
New Zealand 4308 474.811 94.099 2.257 2.330
Norway 4342 440.423 86.541 1.996 2.203
Philippines 4572 380.199 102.046 7.360 7.413
Russian Federation 3963 531.660 79.149 4.512 4.589
Scotland 3936 475.008 86.036 3.122 3.303
Singapore 6668 612.257 95.779 5.951 6.002
Slovenia 3126 461.128 84.004 2.593 2.682
Tunisia 4334 360.350 98.732 4.084 4.133
United States 9829 516.383 84.557 2.51 2.639
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Exhibit E.3 ~ Summary Statistics and Standard Errors for Proficiency in Algebra in the
Eighth Grade

Algebra
county Sample Size M.e.an Star]dz?rd Jacl.(knife S?::(;erld
Proficiency Deviation Sampling Error

Error
Armenia 5726 489.164 90.308 2.562 2.626
Australia 4791 498.656 83.238 4.239 4.375
Bahrain 4199 410.653 84.809 1.492 2.523
Belgium (Flemish) 4970 523.137 75.603 2.699 2.757
Botswana 5150 376.764 78.683 2.102 2.730
Bulgaria 4117 480.740 84.273 3.932 3.952
Chile 6377 384.442 85.956 2.678 3.090
Chinese Taipei 5379 585.377 108.125 4.883 4.905
Cyprus 4002 455.256 85.869 1.488 1.663
Egypt 7095 407.710 102.031 3.768 3.904
England 2830 491.928 79.014 4.365 4.532
Estonia 4040 528.407 65.280 2.490 2.610
Ghana 5100 287.733 104.397 4.095 4.820
Hong Kong, SAR 4972 579.891 72.063 3.102 3.167
Hungary 3302 533.892 76.312 2.956 3.107
Indonesia 5762 418.125 87.359 4139 4.481
Iran, Islamic Rep. of 4942 411.505 77.259 2.642 3.149
Israel 4318 497.562 86.094 3.140 3.170
Italy 4278 476.644 78.305 3.329 3.429
Japan 4856 567.844 80.205 1.925 2.015
Jordan 4489 434.032 92.925 4133 4.442
Korea, Rep. of 5309 596.957 92.569 2.067 2.153
Latvia 3630 508.076 73.597 2.957 3.160
Lebanon 3814 447.559 66.871 2.991 3.113
Lithuania 4964 501.454 74.163 2.333 2.357
Macedonia, Rep. of 3893 441.903 96.056 3.631 3.649
Malaysia 5314 494.560 75.253 3.780 3.855
Moldova, Rep. of 4033 464.133 88.002 4.049 4.187
Morocco 2943 400.393 75.569 2.320 2.753
Netherlands 3065 513.750 75.453 3.914 3.993
New Zealand 3801 489.955 76.780 5.109 5.217
Norway 4133 428.212 80.696 2.477 2.713
Palestinian Nat'l Auth. 5357 392.103 99.279 3.418 3.508
Philippines 6917 400.315 94.143 5.093 5.237
Romania 4104 480.319 94.920 4.596 4.665
Russian Federation 4667 516.000 72.413 3.013 3.194
Saudi Arabia 4295 330.644 89.845 3.851 4.679
Scotland 3516 488.061 79.774 3.777 3.936
Serbia 4296 487.769 87.120 2.222 2.549
Singapore 6018 589.546 85.023 3.395 3.515
Slovak Republic 4215 504.689 79.361 3.174 3.273
Slovenia 3578 486.549 70.845 2.198 2.284
South Africa 8952 27457 113.462 4.968 5.055
Sweden 4256 480.280 75.548 2.558 2.975
Tunisia 4931 404.628 66.670 2.057 2.446
United States 8912 509.947 77.481 3.067 3.107
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Exhibit E.4  Summary Statistics and Standard Errors for Proficiency in Patterns and
Relationships in the Fourth Grade

Patterns and Relationships

Country . Mean Standard Jackknife Overall
Sample Size Proficiency Deviation Sampling Error Standard
Error
Armenia 5674 460.537 106.827 3.912 4.095
Australia 4321 495.442 71.372 3.508 3.715
Belgium (Flemish) 4712 542.229 58.887 1.647 1.894
Chinese Taipei 4661 554.689 67.869 1.822 2.413
Cyprus 4328 518.944 82.079 2.301 2.420
England 3585 523.413 90.395 3.382 3.891
Hong Kong, SAR 4608 568.013 67.647 3.164 3.463
Hungary 3319 544.519 85.845 3.247 3.658
Iran, Islamic Rep. of 4352 394.170 90.984 3.801 3.912
Italy 4282 496.055 87.927 4113 4.274
Japan 4535 553.964 68.983 1.299 1.448
Latvia 3687 531.718 78.409 2.583 3.359
Lithuania 4422 531.105 71.017 2.754 2.951
Moldova, Rep. of 3981 520.961 95.179 5.024 5.107
Morocco 4264 360.317 96.697 4.385 4.694
Netherlands 2937 527.422 53.077 2.000 2.399
New Zealand 4308 494.507 83.412 2.065 2.879
Norway 4342 438.981 86.763 2.207 2.671
Philippines 4572 382.114 109.018 6.917 7.031
Russian Federation 3963 530.806 71.418 4.458 4.962
Scotland 3936 494.813 71.953 2.715 2.892
Singapore 6668 578.702 85.143 5.295 5.414
Slovenia 3126 489.697 75.300 2.170 2.706
Tunisia 4334 330.042 117.258 4.551 4.745
United States 9829 523.722 73.942 2.290 2.658
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APPENDIX E: SUMMARY STATISTICS AND STANDARD ERRORS FOR PROFICIENCY IN MATHEMATICS AND SCIENCE

Exhibit E.5  Summary Statistics and Standard Errors for Proficiency in Measurement in
the Eighth Grade

Measurement
country Sample Size IVI.ef'm Star}da}rd 1521(;:1(';::; Overall
Proficiency Deviation Standard Error
Error
Armenia 5726 488.173 94.024 2.988 3.277
Australia 4791 510.720 79.063 4.275 4.313
Bahrain 4199 388.454 88.081 1.579 2.109
Belgium (Flemish) 4970 534.762 68.471 2.454 2.525
Botswana 5150 377.298 70.558 1.932 2.029
Bulgaria 4117 472.564 87.808 4.494 4.623
Chile 6377 403.690 74.536 2.687 2.893
Chinese Taipei 5379 574173 94.175 4.041 4.354
Cyprus 4002 459.015 86.395 1.496 2.204
Egypt 7095 400.810 91.796 3.075 3.335
England 2830 505.279 72.035 4.237 4.261
Estonia 4040 528.055 73.989 2.904 2.961
Ghana 5100 261.840 98.886 3.468 3.669
Hong Kong, SAR 4972 584.053 68.238 2.883 3.337
Hungary 3302 524.564 80.169 2.936 3.079
Indonesia 5762 394.008 98.268 4.759 4.940
Iran, Islamic Rep. of 4942 398.594 78.978 2.275 2.636
Israel 4318 480.449 82.980 3.222 3.440
Italy 4278 499.855 79.525 3.070 3.210
Japan 4856 559.021 73.550 1.900 1.989
Jordan 4489 417.787 88.606 3.733 437
Korea, Rep. of 5309 577.293 82.804 1.855 2.044
Latvia 3630 500.480 70.496 2.960 2.987
Lebanon 3814 429.708 72.622 2.783 3.674
Lithuania 4964 492.150 85.546 2.842 3.042
Macedonia, Rep. of 3893 434.070 89.149 3.523 3.637
Malaysia 5314 504.245 82.996 4.429 4.487
Moldova, Rep. of 4033 467.999 81.228 3.774 3.953
Morocco 2943 376.151 71.757 2.001 3.401
Netherlands 3065 548.558 69.632 3.569 3.719
New Zealand 3801 500.086 77.058 4.732 4.847
Norway 4133 480.990 68.057 2.228 2.882
Palestinian Nat'l Auth. 5357 385.511 91.722 2.7 2.762
Philippines 6917 371.507 83.053 4.702 4.811
Romania 4104 485.319 86.982 4.656 4.720
Russian Federation 4667 507.275 77.883 3.733 3.908
Saudi Arabia 4295 337.991 79.357 2.891 3.400
Scotland 3516 507.722 69.697 3.423 3.646
Serbia 4296 475.120 94.688 2.480 2.525
Singapore 6018 610.527 79.744 3.403 3.581
Slovak Republic 4215 507.633 86.279 3.607 3.737
Slovenia 3578 495.902 75.423 2121 2.299
South Africa 8952 298.433 92.146 4.210 4.679
Sweden 4256 512.055 69.888 2.554 2.584
Tunisia 4931 406.762 72.902 2.080 2.234
United States 8912 495.230 78.655 3.099 3.175
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Exhibit E.6  Summary Statistics and Standard Errors for Proficiency in Measurement in
the Fourth Grade

Measurement
country Sample Size M.e?n Star}dafrd jSZCr:ld;::: Overall
Proficiency Deviation Standard Error
Error
Armenia 5674 465.283 78.798 3.093 3.138
Australia 4321 513.701 74151 3.543 3.677
Belgium (Flemish) 4712 549.773 50.562 1.391 1.419
Chinese Taipei 4661 556.920 55.440 1.493 1.644
Cyprus 4328 505.571 79.548 2.218 2.343
England 3585 534.851 77.764 3.134 3.302
Hong Kong, SAR 4608 562.531 56.375 2.593 2.665
Hungary 3319 532.438 69.004 2.600 2.717
Iran, Islamic Rep. of 4352 398.380 84.321 3.053 3.181
Italy 4282 504.135 77.090 3.240 3.382
Japan 4535 567.905 62.440 1.223 1.576
Latvia 3687 544.758 65.287 2.337 2.628
Lithuania 4422 539.999 68.405 2.382 2.700
Moldova, Rep. of 3981 504.922 76.133 3.912 4.010
Morocco 4264 344.551 102.512 5.398 5.470
Netherlands 2937 544.562 53.222 1.701 2.181
New Zealand 4308 502.977 75.207 1.865 2.037
Norway 4342 474.896 75.000 1.827 2.166
Philippines 4572 330.135 119.368 7.672 7.778
Russian Federation 3963 538.153 71.515 3.762 3.844
Scotland 3936 499.440 70.080 2.769 3.083
Singapore 6668 566.461 73.011 4.575 4.639
Slovenia 3126 496.828 77133 2.294 2.818
Tunisia 4334 308.145 128.241 5.282 5.479
United States 9829 499.696 69.350 2.104 2133
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Exhibit E.7  Summary Statistics and Standard Errors for Proficiency in Geometry in the
Eighth Grade

Geometry
county Sample Size IVI'e'an Star.ldefrd ;Zi:\drilr::; Overall
Proficiency Deviation Standard Error
Error
Armenia 5726 480.773 72.312 2.890 3.100
Australia 4791 491.313 80.929 4.450 477N
Bahrain 4199 437.985 72.013 1.356 2.085
Belgium (Flemish) 4970 527.484 79.194 2.770 3.067
Botswana 5150 334.878 88.400 2.800 3.864
Bulgaria a7 484.279 84.512 4.219 4.513
Chile 6377 377.91 87.684 3.226 3.334
Chinese Taipei 5379 587.647 110178 4.839 5.121
Cyprus 4002 457.068 76.195 1.393 2.418
Egypt 7095 407.955 103.483 3.581 3.616
England 2830 491.588 82.289 4.166 4.519
Estonia 4040 539.538 65.627 2.383 2.648
Ghana 5100 277.838 104.213 3.963 4.303
Hong Kong, SAR 4972 588.178 79.767 3.470 3.625
Hungary 3302 515.251 80.854 3.115 3.131
Indonesia 5762 413173 88.823 4183 4.606
Iran, Islamic Rep. of 4942 437.415 75.313 2.426 3.092
Israel 4318 487.692 85.826 3.247 3.651
Italy 4278 468.911 80.825 3.308 3.470
Japan 4856 586.640 80.239 1.940 2.112
Jordan 4489 446.245 80.542 3.649 3.955
Korea, Rep. of 5309 597.568 86.864 1.818 2.574
Latvia 3630 514.815 74.044 2.889 3.274
Lebanon 3814 459.003 66.327 2.563 3.016
Lithuania 4964 506.352 77.593 2.264 2.472
Macedonia, Rep. of 3893 441.632 87.512 3.113 3.731
Malaysia 5314 494.773 82.008 4.639 4.776
Moldova, Rep. of 4033 462.709 93.192 4.605 4.744
Morocco 2943 414.860 65.980 1.958 227
Netherlands 3065 512.837 74.252 3.868 4129
New Zealand 3801 488.184 76.044 4.576 4.626
Norway 4133 460.915 69.545 2.138 2.757
Palestinian Nat'l Auth. 5357 422.976 88.744 2.838 3.104
Philippines 6917 344.473 87.804 4.844 5.326
Romania 4104 476.338 87.583 4.662 4.899
Russian Federation 4667 514.765 81.219 3.982 4.213
Saudi Arabia 4295 381.626 79.169 3.614 4.272
Scotland 3516 490.587 70.267 3.290 3.314
Serbia 4296 471.105 87.159 2.555 2.989
Singapore 6018 579.530 80.657 3.512 3.714
Slovak Republic 4215 501.210 85.464 3.522 3.626
Slovenia 3578 482.974 73.153 2.149 2.530
South Africa 8952 246.743 117.960 5.237 5.398
Sweden 4256 467.001 71.223 2.725 3.421
Tunisia 4931 427.475 61.331 1.915 2.044
United States 8912 471.992 74.399 2.749 3.120
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Exhibit E.8  Summary Statistics and Standard Errors for Proficiency in Geometry in the
Fourth Grade

Geometry
country Sample Size M.e.an Star.\da?rd gi:\d;::; Overall
Proficiency Deviation Standard Error
Error
Armenia 5674 430.756 100.807 3.495 3.791
Australia 4321 523.976 76.348 3.076 3.718
Belgium (Flemish) 4712 532.615 60.052 1.299 1.799
Chinese Taipei 4661 553.044 69.193 1.720 2.459
Cyprus 4328 504.950 73.497 2.053 2.298
England 3585 541.547 89.162 3.487 3.659
Hong Kong, SAR 4608 556.585 64.033 2.684 2.913
Hungary 3319 514.014 73.733 2.642 3.266
Iran, Islamic Rep. of 4352 415.769 85.733 3.745 3.884
Italy 4282 522.118 80.075 3.313 3.494
Japan 4535 559.078 76.230 1.478 1.882
Latvia 3687 522.819 51.885 1.806 2.193
Lithuania 4422 524.239 66.586 1.941 2.164
Moldova, Rep. of 3981 500.576 93.567 4.606 4.887
Morocco 4264 362.169 107.953 4.650 4.901
Netherlands 2937 520.631 63.614 2.430 3.154
New Zealand 4308 517.422 72.375 1.606 1.841
Norway 4342 477.819 77.603 1.71 2.164
Philippines 4572 335.112 142.055 8.551 8.816
Russian Federation 3963 528.268 82.528 4.626 4.791
Scotland 3936 511.091 68.371 2.291 2.464
Singapore 6668 569.790 103.649 5.419 5.454
Slovenia 3126 498.405 70.334 1.814 2.159
Tunisia 4334 346.363 121.433 4.394 5.109
United States 9829 517.962 73.306 1.902 2.157
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Exhibit E.9  Summary Statistics and Standard Errors for Proficiency in Data in the Eighth

Grade
Data
country Sample Size M.e?n Star}dz?rd jSZCr:ld;::; Overall
Proficiency Deviation Standard Error
Error
Armenia 5726 418.771 92.733 2.568 2.704
Australia 4791 531.324 77.134 3.681 3.784
Bahrain 4199 413.913 72.553 1.140 2132
Belgium (Flemish) 4970 545.879 74.497 2.537 2.889
Botswana 5150 374.820 77.507 2.392 2.728
Bulgaria 4117 458.419 89.768 3.708 3.936
98145.451 6377 412.213 90.325 2.847 3.371
Chinese Taipei 5379 567.786 83.146 3.292 3.352
Cyprus 4002 458.009 73.606 1.465 1.713
Egypt 7095 393.420 82.696 2.887 3.170
England 2830 534.888 77.203 3.930 4.067
Estonia 4040 535.207 73.957 2.785 2.839
Ghana 5100 292.952 99.584 4.028 4.061
Hong Kong, SAR 4972 566.137 72.044 2.925 2.963
Hungary 3302 525.808 79.419 2.731 2.932
Indonesia 5762 418.498 84.763 3.682 4.045
Iran, Islamic Rep. of 4942 404.296 80.772 2.480 2.590
Israel 4318 491.537 93.043 3.194 3.320
Italy 4278 490.058 77.600 2.647 2.974
Japan 4856 572.656 71.782 1.757 1.877
Jordan 4489 430.241 81.647 3.020 3.459
Korea, Rep. of 5309 568.995 72.148 1.437 1.975
Latvia 3630 506.401 80.263 3.258 3.827
Lebanon 3814 393.836 82.505 3.408 4.004
Lithuania 4964 501.897 81.108 2.179 2.512
Macedonia, Rep. of 3893 418.819 98.175 3.542 3.588
Malaysia 5314 505.007 64.203 3.118 3.235
Moldova, Rep. of 4033 428.005 78.777 3123 3.433
Morocco 2943 373.654 79.352 2142 2.457
Netherlands 3065 560.019 69.502 3.097 3.119
New Zealand 3801 525.944 79.020 5.019 5.143
Norway 4133 498.263 80.811 2.378 2.47
Palestinian Nat'lAuth. 5357 390.369 83.415 2.484 2.834
Philippines 6917 390.435 78.848 4.113 4.453
Romania 4104 445.307 92.067 4.289 4.551
Russian Federation 4667 484.062 76.984 3.086 3.207
Saudi Arabia 4295 338.687 84.091 3.544 3.809
Scotland 3516 531.169 717.077 3.334 3.665
Serbia 4296 456.210 91.982 2.388 2.576
Singapore 6018 579.491 78.307 3.152 3.198
Slovak Republic 4215 495.278 85.922 2.782 2.899
Slovenia 3578 493.812 76.455 2.212 2.301
South Africa 8952 296.246 110.593 4,944 5.319
Sweden 4256 539.423 79.890 2.866 2.950
Tunisia 4931 386.850 71.829 1.713 2172
United States 8912 526.691 79.301 3.012 3.164
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Exhibit E.10 Summary Statistics and Standard Errors for Proficiency in Data in the Fourth

Grade
Data
country Sample Size M.e.an Star'|dz?rd JSZCIL(';::; Overall
Proficiency Deviation Standard Error
Error
Armenia 5674 416.987 81.117 3.161 3.609
Australia 4321 524.754 71.216 3.418 3.614
Belgium (Flemish) 4712 548.013 59.057 1.599 2.167
Chinese Taipei 4661 563.826 61.406 1.558 2.309
Cyprus 4328 509.193 74.667 2.097 2.295
England 3585 551.513 77.268 2.943 3.413
Hong Kong, SAR 4608 561.875 46.191 1.977 2.253
Hungary 3319 513.197 71.992 3.003 3.160
Iran, Islamic Rep. of 4352 356.402 105.500 4.311 4.371
Italy 4282 496.763 68.422 2.753 2.991
Japan 4535 592.823 81.730 1.578 1.637
Latvia 3687 525.532 71.531 2.483 2.701
Lithuania 4422 517.399 69.538 2.485 2.545
Moldova, Rep. of 3981 476.500 76.839 4.088 4.262
Morocco 4264 355.276 89.038 4.614 5.012
Netherlands 2937 552.893 52.956 1.812 2.434
New Zealand 4308 521.631 82.056 1.851 1.972
Norway 4342 479.085 86.295 2123 2.279
Philippines 4572 383.997 110.383 7.330 7.463
Russian Federation 3963 505.067 64.951 3.892 4.050
Scotland 3936 515.899 68.288 2.375 2.702
Singapore 6668 575.070 60.984 3.652 3.889
Slovenia 3126 486.244 65.844 2.372 2.739
Tunisia 4334 308.240 107.923 4.514 4.650
United States 9829 548.671 68.144 1.885 2.039
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Exhibit E.11 Summary Statistics and Standard Errors for Proficiency in Life Science in the
Eighth Grade

Life Science
county Sample Size IVI'e'an Star.ldefrd ;Zi:\drilr::; Overall
Proficiency Deviation Standard Error
Error
Armenia 5726 452.987 84.319 3.179 3.303
Australia 4791 532.408 75.249 3.614 3.768
Bahrain 4199 444,590 74.040 1.523 1.865
Belgium (Flemish) 4970 525.827 69.487 2.242 2.369
Botswana 5150 369.942 91.757 2.635 2.731
Bulgaria 4117 474154 95.259 5.045 5.160
Chile 6377 426.770 84.360 2.646 2.729
Chinese Taipei 5379 562.553 73.036 3.044 3.120
Cyprus 4002 436.785 85.134 1.812 2.221
Egypt 7095 425.244 99.625 3.615 3.739
England 2830 543.037 74.459 3.752 3.902
Estonia 4040 546.508 63.890 2.269 2.427
Ghana 5100 256.392 124.017 5.382 5.604
Hong Kong, SAR 4972 551.244 62.267 2.805 2.940
Hungary 3302 536.455 70.137 2.633 2.695
Indonesia 5762 423.610 74.770 3.593 3.883
Iran, Islamic Rep. of 4942 446.729 68.980 2.213 2.599
Israel 4318 490.941 86.316 3.017 3.042
Italy 4278 497.596 80.728 2.916 3.247
Japan 4856 549.342 70.356 1.663 2.017
Jordan 4489 474,942 86.706 3.629 3.991
Korea, Rep. of 5309 558.424 66.645 1.440 1.560
Latvia 3630 511.283 65.869 2.394 2.534
Lebanon 3814 359.968 107.157 4784 4.972
Lithuania 4964 516.944 71.688 2.321 2.396
Macedonia, Rep. of 3893 448.126 94.952 3.737 3.832
Malaysia 5314 504.265 66.440 3.638 3.693
Moldova, Rep. of 4033 465.955 72.721 3.229 3.679
Morocco 2943 389.621 80.109 2.446 2.650
Netherlands 3065 536.420 61.812 3.075 3.290
New Zealand 3801 523.192 77.440 5.059 5.146
Norway 4133 495.516 75.616 2.200 2.460
Palestinian Nat'l Auth. 5357 434.984 84.075 3.092 3.606
Philippines 6917 386.977 108.993 5.753 5.819
Romania 4104 471.215 90.979 4.751 4.791
Russian Federation 4667 514.092 76.750 3.255 3.284
Saudi Arabia 4295 411.604 69.577 3.413 3.915
Scotland 3516 512.326 76.714 3.185 3.312
Serbia 4296 468.196 83.442 2.472 2.580
Singapore 6018 568.671 87.670 3.946 4.020
Slovak Republic 4215 513.592 72.358 2.758 2.946
Slovenia 3578 520.802 69.395 1.981 2.223
South Africa 8952 250.120 130.677 5.871 5.958
Sweden 4256 527.809 77.000 2.655 2.709
Tunisia 4931 417.391 60.779 1.873 1.969
United States 8912 536.992 82.372 2.952 3.007
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Exhibit E.12 Summary Statistics and Standard Errors for Proficiency in Life Science in the
Fourth Grade

Life Science
country Sample Size M.e.an Star'|dz?rd JSZCIL(';::; Overall
Proficiency Deviation Standard Error
Error
Armenia 5674 435.430 103.424 4.299 4.365
Australia 4321 523.337 75.827 3.834 3.845
Belgium (Flemish) 4712 523.708 55.555 1.567 1.733
Chinese Taipei 4661 540.346 59.459 1.355 1.560
Cyprus 4328 482.330 70.652 2.039 2.104
England 3585 531.827 76.461 2.983 3.106
Hong Kong, SAR 4608 534.657 58.283 2.532 2.557
Hungary 3319 536.362 74.227 2.440 2.521
Iran, Islamic Rep. of 4352 423.809 90.406 4.213 4.560
Italy 4282 521.048 79.174 3.485 3.494
Japan 4535 529.763 65.393 1.076 1.306
Latvia 3687 530.716 62.182 2.198 2.276
Lithuania 4422 516.335 58.103 1.893 1.951
Moldova, Rep. of 3981 503.702 81.576 3.854 3.925
Morocco 4264 299.842 132.612 5.753 6.122
Netherlands 2937 547.105 54.141 1.717 1.819
New Zealand 4308 520.033 81.206 2.193 2.272
Norway 4342 479.867 77.406 2.183 2.234
Philippines 4572 330.343 138.693 8.802 8.983
Russian Federation 3963 526.146 72.622 4.666 4.726
Scotland 3936 505.629 73.858 2.783 3.131
Singapore 6668 557.581 79.970 5.002 5.045
Slovenia 3126 488.638 75.461 2.525 2.904
Tunisia 4334 289.669 141.489 5.891 5.941
United States 9829 536.996 76.386 2.161 217
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Exhibit E.13 Summary Statistics and Standard Errors for Proficiency in Chemistry in the
Eighth Grade

Chemistry
county Sample Size IVI'e'an Star.ldefrd ;Zi:\drilr::; Overall
Proficiency Deviation Standard Error
Error
Armenia 5726 465.612 102.835 4.070 4.201
Australia 4791 506.347 71.621 3.779 3.806
Bahrain 4199 441.296 77.552 1.548 2.649
Belgium (Flemish) 4970 502.576 56.551 1.940 2.014
Botswana 5150 348.198 100.597 2.908 3.126
Bulgaria 4117 482.440 96.228 5.334 5.709
Chile 6377 404.909 91.194 2.919 3.267
Chinese Taipei 5379 583.713 92.897 3.896 3.994
Cyprus 4002 442.726 79.782 1.616 2.647
Egypt 7095 441.566 106.786 3.644 3.814
England 2830 527158 81.031 4.156 4.198
Estonia 4040 551.590 59.554 2.014 2127
Ghana 5100 275.668 134.164 5.578 6.552
Hong Kong, SAR 4972 541.873 53.921 2.444 2.555
Hungary 3302 559.987 77.925 2.796 3.072
Indonesia 5762 391.239 80.490 3.508 3.848
Iran, Islamic Rep. of 4942 445.277 83.331 2.470 2.715
Israel 4318 499.488 82.575 2.731 3.407
Italy 4278 486.928 75.820 2.943 3.303
Japan 4856 552.241 63.019 1.574 2.107
Jordan 4489 477.592 96.889 3.643 4.392
Korea, Rep. of 5309 528.840 67.060 1.542 2.506
Latvia 3630 513.700 72.904 3.078 3.204
Lebanon 3814 433.490 91.751 4.012 4.877
Lithuania 4964 533.996 71.536 2.144 2.335
Macedonia, Rep. of 3893 466.684 100.045 3.664 3.861
Malaysia 5314 513.611 63.774 3.390 3.764
Moldova, Rep. of 4033 478.615 83.602 3.51 3.943
Morocco 2943 401.934 72.549 2.328 2.748
Netherlands 3065 514.421 49.978 2.361 2.623
New Zealand 3801 500.668 75.073 5.015 5.605
Norway 4133 484.554 59.164 1.834 3.008
Palestinian Nat'l Auth. 5357 444.464 101.417 3.402 3.924
Philippines 6917 342.004 113.497 5.877 6.073
Romania 4104 474135 97.035 4.852 4.926
Russian Federation 4667 527.165 80.476 3.846 3.987
Saudi Arabia 4295 381.756 83.625 4.243 4.774
Scotland 3516 498.871 73.060 3.128 3.214
Serbia 4296 473.951 90.876 2.582 3.193
Singapore 6018 582.455 93.609 4.147 4.198
Slovak Republic 4215 519.321 76.986 3.147 3.645
Slovenia 3578 531.858 70.713 1.916 2.570
South Africa 8952 285.156 115.565 5.190 5.944
Sweden 4256 526.082 62.466 2.347 2.556
Tunisia 4931 413.383 63.943 1.698 2.526
United States 8912 512.699 78.001 2.955 3.183
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Exhibit E.14 Summary Statistics and Standard Errors for Proficiency in Physics in the
Eighth Grade

Physics
country Sample Size M.e.an Star'|dz?rd JSZCIL(';::; Overall
Proficiency Deviation Standard Error
Error
Armenia 5726 479.279 73.659 3141 3.230
Australia 4791 521.169 72.150 3.594 3.746
Bahrain 4199 443.265 82.295 1.737 1.968
Belgium (Flemish) 4970 513.506 62.509 2.162 2.504
Botswana 5150 371.459 89.168 2.631 3.196
Bulgaria 4117 485.110 88.538 4.757 4.951
Chile 6377 400.703 81.344 2.727 3.076
Chinese Taipei 5379 569.215 73.925 3.092 3.284
Cyprus 4002 449.522 76.224 1.545 1.743
Egypt 7095 413.71 108.129 3.926 4127
England 2830 544.673 69.098 3.424 3.484
Estonia 4040 544.496 62.543 2.080 2.353
Ghana 5100 239.154 125.028 5.287 5.371
Hong Kong, SAR 4972 554.974 65.468 2.687 2.779
Hungary 3302 536.145 75.387 2.588 2.671
Indonesia 5762 430.013 83.677 3.873 4.039
Iran, Islamic Rep. of 4942 445.161 82.336 2.437 2.990
Israel 4318 483.882 83.372 2.842 2.927
Italy 4278 470.370 81.045 3.051 3.163
Japan 4856 563.776 70.331 1.637 1.875
Jordan 4489 465.099 93.001 3.586 3.847
Korea, Rep. of 5309 578.661 67.520 1.407 1.563
Latvia 3630 511.950 64.046 2133 2.377
Lebanon 3814 418.801 81.557 3.260 3.972
Lithuania 4964 519.343 61.788 2.042 2.662
Macedonia, Rep. of 3893 457.850 82.112 2.833 3.057
Malaysia 5314 519.323 65.686 3.429 3.637
Moldova, Rep. of 4033 478.759 75.438 3.330 3.743
Morocco 2943 409.840 73.189 2.410 2.655
Netherlands 3065 538.346 61.140 2.998 3.406
New Zealand 3801 515.377 65.431 4.509 4.706
Norway 4133 487.740 68.022 2.115 2.563
Palestinian Nat'l Auth. 5357 432.184 100.381 3.359 3.579
Philippines 6917 380.461 92.748 4.629 4.728
Romania 4104 472.830 83.044 3.983 4.052
Russian Federation 4667 511.444 73.356 3.395 3.450
Saudi Arabia 4295 394.032 80.422 3.730 3.871
Scotland 3516 515.026 67.740 2.915 3.029
Serbia 4296 470.908 86.545 2.284 2.630
Singapore 6018 578.558 77.566 3.339 3.403
Slovak Republic 4215 519.022 72.230 2.570 2.930
Slovenia 3578 508.840 58.455 1.596 1.802
South Africa 8952 244189 135.112 6.103 6.207
Sweden 4256 524.573 74.067 2.667 2.869
Tunisia 4931 385.681 76.073 2.193 2.526
United States 8912 515.324 74.698 2.800 2.930
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Exhibit E.15 Summary Statistics and Standard Errors for Proficiency in Physical Science in
the Fourth Grade

Physical Science

county Sample Size IVI'e'an Star.ldefrd ;Zi:\drilr::; Overall
Proficiency Deviation Standard Error
Error
Armenia 5674 429.183 100.500 4181 4.274
Australia 4321 517.951 80.712 3.854 3.885
Belgium (Flemish) 4712 507.102 56.861 1.641 2.273
Chinese Taipei 4661 553.988 78.602 1.954 2.034
Cyprus 4328 479.128 80.981 2.225 2.287
England 3585 546.379 80.070 3.204 3.248
Hong Kong, SAR 4608 547.513 60.248 2.664 2.1
Hungary 3319 526.355 75.392 2.519 2.678
Iran, Islamic Rep. of 4352 418.515 101.626 4.321 4.468
Italy 4282 511.860 83.371 3.442 3.543
Japan 4535 557.287 78.186 1.543 1.721
Latvia 3687 531.607 69.904 2.519 2.61
Lithuania 4422 512.251 67.170 2.120 2.475
Moldova, Rep. of 3981 488.758 82.616 3.879 3.925
Morocco 4264 307.951 127.849 6.819 7.001
Netherlands 2937 505.069 52.522 1.829 1.879
New Zealand 4308 516.083 84.557 2.185 2.337
Norway 4342 455.895 77.696 1.919 2.295
Philippines 4572 343.008 144.669 9.156 9.588
Russian Federation 3963 526.551 82.559 5.053 5.151
Scotland 3936 502.507 74.195 2.543 2.647
Singapore 6668 577.257 94.871 5.881 5.891
Slovenia 3126 496.784 71.577 2.285 2.345
Tunisia 4334 324.191 130.841 5.207 5.255
United States 9829 531.091 77.369 2.227 2.267
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Exhibit E.16 Summary Statistics and Standard Errors for Proficiency in Earth Science in the
Eighth Grade

Earth Science

country Sample Size M.e.an Star'|dz?rd JSZCIL(';::; Overall
Proficiency Deviation Standard Error
Error
Armenia 5726 459.668 90.703 3.564 3.692
Australia 4791 531.122 74.100 3.728 4.233
Bahrain 4199 440.493 69.331 1.236 2.419
Belgium (Flemish) 4970 508.081 68.467 2.410 2.517
Botswana 5150 360.761 91.307 2.410 3.147
Bulgaria 4117 490.590 93.483 4.752 4.876
Chile 6377 435.172 76.091 2.500 3.104
Chinese Taipei 5379 548.021 73.234 2.656 3.080
Cyprus 4002 446.831 77.578 1.548 2.088
Egypt 7095 403.353 113.591 3.830 4.391
England 2830 544.196 79.252 3.836 4.110
Estonia 4040 558.191 69.759 2.380 2.931
Ghana 5100 254.473 119.906 5.420 5.592
Hong Kong, SAR 4972 548.516 64.045 2.569 2.855
Hungary 3302 537.374 76.283 2.531 3.082
Indonesia 5762 430.747 79.439 3.672 3.821
Iran, Islamic Rep. of 4942 467.697 80.090 2.374 2.889
Israel 4318 484.991 80.039 2.692 3.025
Italy 4278 513.257 75.911 2.932 3.174
Japan 4856 530.325 67.245 1.721 2.100
Jordan 4489 472.090 74.362 3.131 3.961
Korea, Rep. of 5309 539.964 69.187 1.590 1.903
Latvia 3630 514.324 73.650 2.529 2.846
Lebanon 3814 394.578 89.658 3.77 4.041
Lithuania 4964 512.313 77.688 2.443 2.665
Macedonia, Rep. of 3893 440.452 99.928 3.834 4.316
Malaysia 5314 501.767 61.602 3.172 3.8M1
Moldova, Rep. of 4033 474.673 79.560 3.651 4.023
Morocco 2943 396.923 80.858 2.554 3.438
Netherlands 3065 533.877 59.591 3.102 3.164
New Zealand 3801 524.739 73.061 4.612 4.835
Norway 4133 516.537 71.811 2.491 2.693
Palestinian Nat'l Auth. 5357 438.805 80.530 2.553 3.028
Philippines 6917 376.533 110.759 5.644 5.705
Romania 4104 468.655 96.658 4.883 5.157
Russian Federation 4667 517.725 80.893 3.229 3.297
Saudi Arabia 4295 393.985 84.503 3.725 3.969
Scotland 3516 515.171 77.586 3.466 3.780
Serbia 4296 471.254 90.929 2.700 2.998
Singapore 6018 548.955 88.368 3.746 3.859
Slovak Republic 4215 523.228 83.599 3.169 3.321
Slovenia 3578 523.490 74.118 1.661 2.228
South Africa 8952 247.256 131.254 6.219 6.251
Sweden 4256 532.018 68.798 2.475 3.337
Tunisia 4931 407.803 61.401 1.535 2.022
United States 8912 531.958 78.526 2.858 2.910
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Exhibit E.17 Summary Statistics and Standard Errors for Proficiency in Earth Science in the
Fourth Grade

Earth Science

county Sample Size IVI'e'an Star.ldefrd ;Zi:\drilr::; Overall
Proficiency Deviation Standard Error
Error
Armenia 5674 449.879 84.355 3.579 3.634
Australia 4321 518.244 79.475 3.962 4.133
Belgium (Flemish) 4712 522.247 51.449 1.451 1.662
Chinese Taipei 4661 559.130 85.741 1.963 2.555
Cyprus 4328 487.048 73.140 2.283 2.544
England 3585 535.364 85.401 3.396 3.518
Hong Kong, SAR 4608 536.091 62.818 2.611 2.692
Hungary 3319 525.716 94.961 3.484 3.694
Iran, Islamic Rep. of 4352 428.096 87.072 2.900 3.007
Italy 4282 518.685 88.153 3.514 3.696
Japan 4535 534.579 78.134 1.683 1.891
Latvia 3687 534.154 70.726 2.495 2.922
Lithuania 4422 503.326 79.021 2.670 3.187
Moldova, Rep. of 3981 505.218 93.678 4.667 4.876
Morocco 4264 310.522 127.167 6.023 6.076
Netherlands 2937 502.865 75.109 2.193 2.272
New Zealand 4308 522.448 79.352 1.943 2.345
Norway 4342 472.531 96.010 2.377 2.751
Philippines 4572 323.999 152.023 9.131 9.207
Russian Federation 3963 527.221 93.505 5.875 5.975
Scotland 3936 498.056 74.558 2.582 2.592
Singapore 6668 537.778 87.719 5.012 5.212
Slovenia 3126 490.207 77.972 2.507 2.699
Tunisia 4334 336.195 124.365 4.680 4.796
United States 9829 534.850 83.083 2.340 2.505
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Exhibit E.18 Summary Statistics and Standard Errors for Proficiency in Environmental
Science in the Eighth Grade

Environmental Science

country Sample Size M.e.an Star'|dz?rd JSZCIL(';::; Overall
Proficiency Deviation Standard Error
Error
Armenia 5726 416.753 105.967 4.024 4.365
Australia 4791 535.686 69.987 3.242 3.391
Bahrain 4199 438.832 88.113 1.559 3.145
Belgium (Flemish) 4970 522.824 76.228 2.518 2.694
Botswana 5150 380.758 103.741 2.676 3.298
Bulgaria 4117 463.507 96.901 4.509 5.005
Chile 6377 435.551 80.628 2.384 2.934
Chinese Taipei 5379 559.681 63.187 2.525 3.109
Cyprus 4002 440.632 90.760 1.857 2.302
Egypt 7095 429.995 106.365 3.579 4.030
England 2830 539.639 77.584 3.336 4.236
Estonia 4040 539.576 67.702 2.033 2.242
Ghana 5100 267.357 136.114 5.812 6.209
Hong Kong, SAR 4972 555.476 64.323 2.460 2.567
Hungary 3302 527.643 79.651 2.747 2.936
Indonesia 5762 453.887 78.971 3.318 3.414
Iran, Islamic Rep. of 4942 486.574 66.515 1.777 2123
Israel 4318 486.210 84.331 2.484 2.905
Italy 4278 496.895 78.638 2.800 3.024
Japan 4856 536.744 70.759 1.709 1.972
Jordan 4489 492.397 91.950 3.138 3.238
Korea, Rep. of 5309 543.517 63.430 1.252 1.448
Latvia 3630 507.776 70.917 2.340 3.305
Lebanon 3814 374.494 116.453 4.723 5.056
Lithuania 4964 506.784 70.706 1.964 2.004
Macedonia, Rep. of 3893 442.411 99.375 3.465 3.652
Malaysia 5314 512.898 63.332 3.126 3.157
Moldova, Rep. of 4033 454.075 97.123 3.454 3.782
Morocco 2943 395.911 97.067 3.099 3.315
Netherlands 3065 538.726 61.812 2.694 2.845
New Zealand 3801 525.490 67.388 3.827 3.925
Norway 4133 495.662 68.549 2.062 2.235
Palestinian Nat'l Auth. 5357 444190 101.761 3.362 3.703
Philippines 6917 403.486 107.450 5.196 5.374
Romania 4104 472.002 88.353 4.365 4.719
Russian Federation 4667 491.028 76.883 2.775 3.185
Saudi Arabia 4295 410.218 79.930 3.342 3.766
Scotland 3516 510.847 80.984 3.398 3.486
Serbia 4296 457.358 83.984 2.298 2.423
Singapore 6018 567.541 85.614 3.676 3.828
Slovak Republic 4215 508.600 71.164 2.630 2.758
Slovenia 3578 515.395 65.368 1.676 2.242
South Africa 8952 260.934 141.225 6.418 6.600
Sweden 4256 499.405 73.884 2.332 2.575
Tunisia 4931 435.711 69.777 1.772 2.181
United States 8912 533.048 76.347 2.690 2.926
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