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CHAPTER 1

Developing the TIMSS 2019 Mathematics
and Science Achievement Instruments

Kerry E. Cotter
Victoria A.S. Centurino
Ina V.S. Mullis

Unique Characteristics of TIMSS 2019

The TIMSS assessments are designed to provide valid measurement of the mathematics and science
content and skills that are valued by the international education community and included in the curricula
of participating countries. The general approach to developing the TIMSS mathematics and science
achievement items to meet this goal is similar from one assessment cycle to the next, but each cycle
has some unique characteristics that influence instrument development. Besides providing measures
on another cycle for the TIMSS trend lines monitoring changes in educational achievement since 1995,
TIMSS 2019 also was remarkable for several reasons.

e TIMSS 2019 marked the beginning of the transition to eTIMSS—a digital version of TIMSS
designed for computer- and tablet-based administration. eTIMSS offered an engaging, interactive,
and visually attractive assessment that enabled TIMSS 2019 to better assess complex areas of
the mathematics and science frameworks and increase operational efficiency in translation,
assessment delivery, data entry, and scoring.

e Asa part of the transition to digital assessment, eTIMSS 2019 included a series of extended
Problem Solving and Inquiry (PSI) tasks in mathematics and science at both the fourth and the
eighth grades. The eTIMSS PSIs were designed to simulate real world or laboratory situations
in which students could integrate and apply process skills and content knowledge to solve
mathematics problems or conduct virtual scientific experiments and investigations.

e Building on the success of TIMSS Numeracy 2015, the TIMSS 2019 assessment design was
expanded to support a less difficult version of the fourth grade mathematics assessment that had
some blocks of items in common with the regular fourth grade mathematics assessment. The
less difficult version enabled TIMSS 2019 to provide improved measurement for participating
countries where fourth grade students were still developing fundamental mathematics skills.
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Results for the two versions of the fourth grade mathematics assessment were linked through the
common items and reported on the same TIMSS achievement scale.

Transitioning TIMSS to eTIMSS

Transitioning to digital assessment is important to “keep up with the times” and to increase both
construct representation and data utility. Because not all TIMSS countries were prepared to conduct
digital assessments, IEA decided to implement the transition over two assessment cycles—TIMSS 2019
and TIMSS 2023. More than half of the 64 countries participating in TIMSS 2019 elected to administer
the “¢” version of the assessments, while the rest of the countries administered TIMSS in paper-and-pencil
format, as in previous assessment cycles (paperTIMSS).

The eTIMSS 2019 assessments included a variety of technology-enhanced item formats, with
colorful graphics and interactive features. These features extended coverage of the mathematics and
science frameworks and promoted student engagement. The digital mode of administration also allowed
for a substantial proportion of the eTIMSS mathematics items to be machine scored.

The eTIMSS 2019 assessments were created and administered using IEAs eAssessment System, which
houses a collection of online tools used for instrument creation, translation and adaptation, verification,
delivery to students, scoring, and data entry. The digital mode of administration allowed eTIMSS to
collect information about how students work through the items, such as screen-by-screen timing data and
additional process variables that can be analyzed to study students’ interactions with the achievement items.

The eTIMSS 2019 PSIs, designed exclusively for eTIMSS, were a new and pioneering effort to
improve measurement of higher-order mathematics and science skills by capitalizing on the digital mode
of administration. Each PSI consisted of a sequence of 4 to 16 items that were set in a cohesive context
and addressed a range of topics from the TIMSS 2019 Assessment Frameworks (Mullis & Martin, 2017),
such as solving a series of mathematics problems to plan a school event or conducting a virtual scientific

experiment to study plant growth. The items within these situational tasks included a broader array of
innovative digital features than the regular eTIMSS achievement items and provided scaffolding for
complex mathematics problems and science investigations.

Less Difficult Mathematics at the Fourth Grade

For a variety of reasons, there are some countries where most children in the fourth grade are still
developing fundamental mathematics skills. To offer countries the most effective assessment of fourth
grade mathematics, IEA offers options for matching the TIMSS fourth grade mathematics assessment to
the country’s educational development and students’ mathematics proficiency. For some countries, the
less difficult version of the TIMSS 2019 fourth grade mathematics assessment was a better match with
students’ learning.
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The TIMSS 2019 fourth grade assessment with less difficult mathematics was developed together
with the regular fourth grade mathematics assessment and reflected the mathematics described in the
TIMSS 2019 Mathematics Framework (Lindquist, Philpot, Mullis, & Cotter, 2017). The regular and less
difficult versions of the assessment were equivalent in scope, and about one-third of the items were the

same between the two versions. The other two-thirds of the items in each version of the assessment
addressed the same areas of the mathematics framework, but the items in the less difficult version
involved less complex numbers and situations. The items in common between the two versions of the
fourth grade mathematics assessment enabled the two assessments to be linked so that the results could be
reported together and directly compared. Expert committees reviewed both the regular and less difficult
mathematics items together at each phase of development.

The design of the TIMSS 2019 less difficult mathematics assessment improved upon the design of
TIMSS Numeracy 2015, which was a stand-alone mathematics assessment that did not include science.
For TIMSS 2019 at the fourth grade, countries could opt for either regular or less difficult mathematics,
together with science. A substantial portion of the items in the less difficult version of the TIMSS
2019 mathematics assessment was carried forward from TIMSS Numeracy 2015, which enabled trend
measurement for countries that participated in TIMSS Numeracy 2015.

The TIMSS Approach to Measuring Trends

Because TIMSS is designed to measure trends, the assessments of mathematics and science cannot change
dramatically from cycle to cycle. That is, TIMSS is based on a well-known premise for designing trend
assessments (ascribed to John Tukey and Albert Beaton):

“If you want to measure change, do not change the measure”

However, the achievement items also need to be updated with each cycle to prevent the assessments
from becoming dated and no longer relevant to current learning goals and policy issues. It is important
that TIMSS reflects the most recent discoveries in the field and is presented in ways consistent with
students’ instructional and everyday experiences.

To maintain continuity with past assessments while keeping up with current topics and technology,
the TIMSS assessments evolve with each cycle. TIMSS has a specific design for rotating items out of
the assessment after each cycle and replacing them with newly developed items for the following cycle.
The remaining achievement items, referred to as “trend items,” are kept secure to be re-administered in
subsequent cycles. With this design for item replacement, each TIMSS assessment includes items from
three cycles—newly developed items, items from the previous cycle, and items from two cycles before.
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Overview of the TIMSS 2019 Achievement ltems

Although the majority of the TIMSS achievement items are carried forward from the previous assessment
cycle to measure trends, the task of updating the instruments for each new cycle—every four years
since 1995—is a substantial undertaking. Because TIMSS assesses two subjects at two grades, it actually
encompasses five different assessments of achievement—regular and less difficult mathematics at the
fourth grade, mathematics at the eighth grade, and science at the fourth and eighth grades.

The TIMSS 2019 fourth grade assessments required developing and field testing 261 new
mathematics and science items in both digital and paper formats as well as 66 new paper-based items
for the less difficult version of the mathematics assessment. The TIMSS 2019 eighth grade assessments
required developing and field testing 325 new mathematics and science items in both digital and paper
formats. For eTIMSS 2019, the field test also included eight mathematics and science PSI tasks at the
fourth grade and seven mathematics and science PSI tasks at the eighth grade.

Since the beginning in 1995, the TIMSS assessments have included two general item formats: selected
response (i.e., questions to which students choose their answer(s) from a set of options) and constructed
response (i.e., questions to which students construct their own responses). For each constructed response
item, a unique scoring guide is developed along with the item with clear distinctions among correct,
incorrect, and, if applicable, partially correct answers. The format of each item is chosen based on the
mathematics or science content and cognitive domain being assessed.

The ltem Development Process

The TIMSS & PIRLS International Study Center at Boston College employs a collaborative
process inspired by the principles of the evidence-centered design framework (ECD; Mislevy,
Almond, & Lukas, 2003) to develop the new achievement items needed for each TIMSS cycle. With
this approach, validity is supported by adhering to best practices in assessment design throughout
the development process—namely, clearly defining the target construct to be measured, specifying
the items needed to measure it, establishing standards for items and test forms, and ensuring that the
assessments meet the test specifications. A broad overview of this process to support coherence
between the assessment goals and data includes:

e Updating the assessment frameworks to identify and prioritize the mathematics and science
content and skills that the assessment will measure

e Developing achievement items as well as scoring guides for constructed response items to meet
the assessment specifications delineated in the frameworks

e Conducting a full-scale field test to evaluate the measurement properties of the item pool and
practice the data collection and scoring procedures

>, TIMSS & PIRLS
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e Selecting the new items to meet the assessment specifications based on the field test results and
trend items from previous cycles

e Conducting training in how to reliably score students’ responses to constructed response items to
ensure the quality of the data

The development process is directed and managed by the staff of the TIMSS & PIRLS International
Study Center, who collectively have considerable experience in the measurement and assessment of
mathematics and science achievement. For TIMSS 2019, Executive Director, Ina Mullis, and Assistant
Director of Mathematics, Kerry Cotter, managed the mathematics assessment development. Executive
Director, Michael Martin, and Assistant Director of Science, Victoria Centurino, managed the science
assessment development.

Also playing a key role in achievement item development were the TIMSS 2019 National Research
Coordinators (NRCs) designated by their countries to be responsible for the complex tasks involved in
implementing TIMSS in their countries. The TIMSS & PIRLS International Study Center worked with
the NRCs and experts from the participating countries to update the assessment frameworks and develop
the new achievement items, including the scoring guides for constructed response items. The NRCs
reviewed the items prior to the field test and helped select the items for the assessment after the field test.

The TIMSS & PIRLS International Study Center prepared an international version of all the TIMSS
achievement items in English. Subsequently, the items were translated by participating countries into
their languages of instruction with the goal of creating high quality translations that were appropriately
adapted for the national context and at the same time remained internationally comparable. Therefore,
a significant portion of the NRCs” development and review effort was dedicated to ensuring that the
achievement items could be translated accurately.

Additional advice and guidance was provided through periodic reviews by the TIMSS 2019
Science and Mathematics Item Review Committee (SMIRC). SMIRC members for each TIMSS cycle
are nominated by countries participating in TIMSS and provide guidance in developing the TIMSS
assessments. The TIMSS 2019 SMIRC consisted of 13 members: 7 experts in mathematics and
mathematics education and 6 experts in science and science education.

SMIRC members met four times for TIMSS 2019. At the 1%t TIMSS 2019 SMIRC meeting in
Amsterdam, The Netherlands (April 2017), the committee reviewed the mathematics and science content
frameworks and initial drafts of the mathematics and science PSIs. At the 2" meeting in Windsor,
England (September 2017), SMIRC reviewed draft field test items, together with the scoring guides for
constructed response items. At the 3 meeting in Tromse, Norway (July 2018), SMIRC reviewed field test
results and made recommendations regarding the items to include in the TIMSS 2019 mathematics and
science assessments. At the final meeting in Singapore (May 2020), SMIRC conducted the TIMSS 2019
scale anchoring process (see Using Scale Anchoring to Interpret the TIMSS 2019 Achievement Scales).
Exhibit 1.1 lists the TIMSS 2019 SMIRC members.
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Exhibit 1.1: TIMSS 2019 Science and Mathematics Item Review Committee (SMIRC)

Ray Philpot

Australian Council for Educational Research
(ACER)

Australia

Kiril Bankov
Faculty of Mathematics and Informatics,
University of Sofia

Bulgaria

Khattab Mohammad Ahmad Abulibdeh
National Center for Human Resources
Development

Jordan

Arne Hole
Department of Teacher Education and School
Research, University of Oslo

Norway

Cheow Kian Soh
Ministry of Education, Curriculum Planning, and
Development Division, Mathematics Branch

Singapore

Mary Lindquist
Professor Emeritus Mathematics Education,
Columbus State University

United States

Linda Hall
Mathematics Consultant

United States

Svatava Janouskova

Science Faculty Department of Teaching and
Didactics of Chemistry, Charles University
Prague

Czech Republic

Emily Jones
National Foundation of Educational Research
(NFER)

England

Jouni Viiri

Department of Teacher Education, University
of Jyvaskyla

Finland

Berenice Michels
Faculty of Science, Freudenthal Institute for
Science and Mathematics Education

The Netherlands

Galina Kovaleva

Federal Institute for Strategy of Education
Development of the Russian Academy of
Education Center for Evaluating the Quality of
Education

Russian Federation

Christopher Lazzaro
The College Board

United States

Developing the PSIs and technology-enhanced achievement items to meet the ambitious

development goals for eTIMSS 2019 necessitated even more expert review and collaboration than
previous TIMSS cycles. Several SMIRC members worked closely with staff at the TIMSS & PIRLS
International Study Center throughout the development process to achieve these goals. For mathematics,

Mary Lindquist and Ray Philpot provided additional subject-matter expertise and support. For science,

Emily Jones, Christopher Lazzaro, and Berenice Michels served in this capacity.
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The TIMSS 2019 Development Schedule

In preparation for the transition to eTIMSS, development work for TIMSS 2019 began over three years
before the TIMSS 2019 Field Test and included a series of novel activities to develop the eTIMSS user
interface, eAssessment System, and PSIs. Essentially, the first two years were devoted to updating the
assessment frameworks and pilot testing the mathematics and science PSIs and trend items in digital
format. The third year was dedicated to writing new achievement items in both digital and paper format,
continuing to refine the PSIs, and testing components of the eAssessment System to ensure successful
delivery of eTIMSS across a variety of digital devices and testing conditions.

The TIMSS 2019 Field Test was conducted from March through May 2018. After a thorough review
of the results, the materials for data collection were finalized in August 2018. TIMSS 2019 Data Collection
began in the Southern Hemisphere in September 2018 and continued in the Northern Hemisphere
through May 2019.

Exhibit 1.2 shows the TIMSS 2019 development schedule for the achievement items beginning with
initial work on the eAssessment System through TIMSS 2019 Data Collection.

Exhibit 1.2: TIMSS 2019 Development Schedule for Achievement Items

Date(s) Group and Activity

TIMSS & PIRLS International Study Center and IEA Hamburg began designing the
January 2015 eTIMSS assessment system, user interface, and digital item types, including the PSls,
in preparation for the transition to eTIMSS

TIMSS & PIRLS International Study Center began work with members of the Science
March 2015 and Mathematics Item Review Committee (SMIRC), other external expert consultants,
and IEA Hamburg to design and operationalize prototype PSlIs

Consultants and staff at the TIMSS & PIRLS International Study Center began drafting
additional PSls for both the fourth and eighth grade assessments (Boston, USA)

August 2015

American Institutes for Research (AIR) conducted cognitive laboratories for two
August 2015 prototype PSIs (one fourth grade mathematics and one eighth grade science) and a
sample of TIMSS trend items converted to digital format

Consultants and staff at the TIMSS & PIRLS International Study Center reviewed the
October 2015 results of the cognitive laboratories, continued revising the draft PSls, and drafted new
PSls (Boston, USA)

TIMSS & PIRLS International Study Center presented an informational video
June 2016 introducing the features of the eTIMSS assessments and debuting the PSIs to National
Research Coordinators (NRCs) (8" NRC meeting—Quebec, Canada)

TIMSS & PIRLS International Study Center conducted content analysis of the
June-September 2016 curricular topics described in the TIMSS 2015 Encyclopedia and proposed updates to
the mathematics and science frameworks for TIMSS 2019

SMIRC reviewed the draft TIMSS 2019 Assessment Frameworks and provided
September 2016 feedback to staff at the TIMSS & PIRLS International Study Center. The staff then met
with SMRIC consultants to incorporate SMIRC’s comments (Boston, USA)

>, TIMSS & PIRLS
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Exhibit 1.2: TIMSS 2019 Development Schedule for Achievement Items (continued)

Date(s) Group and Activity

October 2016 Australia, Canada, and Singapore administered the eTIMSS prePilot, which included a
sample of trend items converted to digital format and draft PSls

Consultants and staff at the TIMSS & PIRLS International Study Center reviewed the
results of the eTIMSS prePilot and revised the PSls and user interface specifications
based on these results. The group also drafted one additional PSI for each grade,

fulfilling the development requirements for the eTIMSS 2019 Field Test (Boston, USA)

NRCs reviewed the draft TIMSS 2019 Assessment Frameworks (15t NRC meeting—
Hamburg, Germany). Following the meeting, NRCs completed an online survey to
provide feedback as to whether each topic area should be kept as is, modified, or
deleted

TIMSS & PIRLS International Study Center prepared draft TIMSS 2019 Item Writing
Guidelines, including specific guidelines for the enhanced item formats available for
eTIMSS. Staff also revised the draft TIMSS 2019 Assessment Frameworks based on
feedback from NRCs

SMIRC reviewed the draft TIMSS 2019 Assessment Frameworks, TIMSS 2019 Iltem
April 2017 Writing Guidelines, and PSls (15t TIMSS 2019 SMIRC meeting—Amsterdam, The
Netherlands)

NRCs reviewed the TIMSS 2019 Assessment Frameworks and developed draft field
May 2017 test items and scoring guides using the TIMSS 2019 Item Writing Guidelines (2" NRC
meeting—Hamburg, Germany)

November 2016

February 2017

March-April 2017

The eTIMSS Pilot/Item Equivalence Study, designed to investigate mode effects for the
May 2017 TIMSS trend items, was conducted to provide information about the robustness of the
eAssessment System and countries’ readiness to conduct a digital assessment

Consultants and staff at the TIMSS & PIRLS International Study Center reviewed and
revised draft field test items and scoring guides, including PSls (Boston, USA)

July 2017

2017 SMIRC reviewed the draft field test items and scoring guides, including PSls (2nd
SMIRC meeting—Windsor, England)

Consultants and staff at the TIMSS & PIRLS International Study Center reviewed the
September 2017 updated field test items and PSls and refined the scoring guides with special attention
to machine scoring (Boston, USA)

NRCs reviewed and approved the TIMSS 2019 Field Test instruments (3" NRC
meeting—Melbourne, Australia)

TIMSS & PIRLS International Study Center and IEA Hamburg assembled all
December 2017 TIMSS 2019 Field Test instruments and released the international instruments to
countries for translation

TIMSS & PIRLS International Study Center and IEA Hamburg collaborated to establish
January-March 2018 specifications for eTIMSS data capture and machine-scored constructed response
items

September

November 2017

TIMSS & PIRLS International Study Center collected student responses to constructed
January 2018 response items from English-speaking countries to develop scoring training materials
for the field test

Consultants and staff at the TIMSS & PIRLS International Study Center reviewed the
field test scoring guides and prepared scorer training materials (Boston, USA)

March—May 2018 Countries conducted the TIMSS 2019 Field Test

January 2018
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Exhibit 1.2: TIMSS 2019 Development Schedule for Achievement Items (continued)

Date(s) Group and Activity

NRCs received scoring training for constructed response field test items (41" NRC
March 2018 i ; f
meeting—Madrid, Spain)

May 2018 Countries submitted TIMSS 2019 Field Test achievement data for analysis and review

NRCs provided feedback to the TIMSS & PIRLS International Study Center about the
field-tested PSls. Based on the NRC’s evaluations, the TIMSS & PIRLS International

May 2018 Study Center selected the PSls to move forward to eTIMSS 2019 Data Collection and
began editing the tasks based on NRC feedback
IEA Hamburg completed data processing and TIMSS & PIRLS International Study
June 2018 : . .
Center completed scoring of machine-scored items
TIMSS & PIRLS International Study Center reviewed the field test item statistics and
June 2018 . .
assembled sets of proposed items for data collection
Jul 2018 SMIRC reviewed the proposed items for data collection in conjunction with the field
y test results (3" SMIRC meeting—Tromsg, Norway)
Auqust 2018 NRCs reviewed and approved the proposed item blocks for TIMSS 2019 Data
9 Collection (5t NRC meeting—Stockholm, Sweden)
TIMSS & PIRLS International Study Center and IEA Hamburg finalized all TIMSS 2019
September 2018 Data Collection instruments and released the international instruments to countries for
translation
September- 2018 Southern Hemisphere countries conducted TIMSS 2019 data collection
December
September 2018 Consultants and staff at the TIMSS & PIRLS International Study Center reviewed and
P updated scoring guides and scorer training materials (Boston, USA)
November 2018 NRCs from Southern Hemisphere countries received scoring training for constructed

response items (Cape Town, South Africa)

TIMSS & PIRLS International Study Center finalized scoring guides and training
November 2018 materials for constructed response items and distributed them to NRCs from Southern
Hemisphere countries

NRCs from Northern Hemisphere countries received scoring training for constructed

March 2019 response items (Limassol, Cyprus)

March—June 2019 Northern Hemisphere countries conducted TIMSS 2019 data collection

Updating the Assessment Frameworks for TIMSS 2019

The first step in developing the TIMSS achievement instruments is to define and prioritize the
mathematics and science content and skills that the assessment will measure. The assessment frameworks
cannot drastically change from cycle to cycle, but are routinely updated to keep up with fresh ideas and
current information about curricula, standards, and instruction in mathematics and science education
around the world. The first two chapters of the TIMSS 2019 Assessment Frameworks (Mullis & Martin,
2017), respectively, describe the mathematics and science frameworks in detail.

TIMSS & PIRLS
IEA International Study Center
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Writing and Reviewing the TIMSS 2019 Field Test ltems and
Scoring Guides

The TIMSS 2019 Field Test included approximately one and a half times the number of achievement
items needed for data collection, to ensure a sufficient number of high quality items for the TIMSS 2019
assessments. In all, about 800 items were field tested. With the exception of the PSIs (eTIMSS only) and
less difficult mathematics items (paper only), all items were prepared and administered in both digital and
paper format. These items were designed to be identical in content across eTIMSS and paperTIMSS, with
the only difference being the response mode (e.g., a drag and drop item in eTIMSS may be a matching
item in paperTIMSS).

The TIMSS & PIRLS International Study Center uses a collaborative process involving the
participating countries to develop the substantial number of new items and scoring guides needed for the
field test. Most of the 274 TIMSS 2019 NRC meeting in Hamburg, Germany was devoted to a workshop
for developing the field test items. The NRCs, together with experienced item writers from participating
countries and staff from the TIMSS & PIRLS International Study Center, drafted the majority of the new
items for the mathematics and science field tests during this workshop.

In preparation for the item writing workshop, staff at the TIMSS & PIRLS International Study Center
identified the scope of the item writing task for the field test. Considerations included the total items
needed based on the weight assigned to a particular topic in the TIMSS 2019 Assessment Frameworks

(Mullis & Martin, 2017), as well as how many items existed from previous assessments. The TIMSS &
PIRLS International Study Center also updated the item writing manual specifically developed for TIMSS
assessments. The manual contains general information about procedures for obtaining good measurement
of mathematics and science achievement (e.g., items must be independent and not provide clues to the
correct responses of other items), as well as specific information on how to deal with translation and
comparability issues (e.g., using TIMSS’ fictitious unit of currency, the “zed,” for items involving money).
The manual also includes the necessary steps for developing scoring guides for constructed response
items, as well as checklists for reviewing TIMSS items.

Updated for the transition to eTIMSS, the TIMSS 2019 Item Writing Guidelines provided additional
instructions for taking advantage of the technology-enhanced item formats—drag and drop, sorting,

selection, drop-down menus, and a line drawing tool. These guidelines included examples of how each
enhanced item format might be used (e.g., using drag and drop for adding labels to graphs or diagrams)
and some details about the functionality of the formats (e.g., the maximum number of “draggable” parts
available in a drag and drop item).

At the TIMSS 2019 Item Writing Workshop, country representatives were divided into teams and
given specific item writing assignments based on their areas of expertise to ensure that enough field test
items were developed for each of the content areas and cognitive processes specified in the frameworks.
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Staff from the TIMSS & PIRLS International Study Center used the TIMSS 2019 Item Writing Guidelines
to provide training to the teams on item writing procedures. The teams were asked to provide a complete

draft of each item they developed, including the content topic and cognitive area from the framework
that the item addressed and the information needed to score the item (i.e., an answer key for selected
response items or scoring guide for constructed response items). Once teams had completed their own
item writing assignments, they reviewed the items drafted by other teams. In addition, some teams
continued to send items to the TIMSS & PIRLS International Study Center for several weeks after the
Item Writing Workshop.

Exhibit 1.3 shows the number of participants in the TIMSS 2019 Item Writing Workshop and the

approximate number of items written.

Exhibit 1.3: TIMSS 2019 Item Writing Workshop to Develop Field Test Items

Participants

Number of Countries and Benchmarking Entities 53

Number of Country Representatives 118

Approximate Number of Field Test Items Written at

Item Writing Workshop

Fourth Grade Mathematics 300
Fourth Grade Science 200
Eighth Grade Mathematics 300
Eighth Grade Science 200

Following the item writing workshop, staff at the TIMSS & PIRLS International Study Center
reviewed each item in light of the framework specifications and selected an optimal group of items for
further review and revision. Consultants from the Australian Council for Educational Research (ACER)
and the National Foundation of Educational Research (NFER) drafted additional mathematics and
science items, respectively, to improve coverage of areas of the frameworks that are especially challenging
to measure.

In July 2017, several SMIRC members with particular item writing skills met with staff from the
TIMSS & PIRLS International Study Center to continue revising the draft field test items. SMIRC
then reviewed all of the proposed draft field test items at the 2°¢ TIMSS 2019 SMIRC meeting. After
SMIRC’s review, the items were revised again, and the NRCs reviewed the complete set of draft field test
items at the 3" TIMSS 2019 NRC meeting in Melbourne, Australia. Following this meeting, staff at the
TIMSS & PIRLS International Study Center implemented the final suggested revisions and provided the
international versions of the field test instruments in digital or paper format to the NRCs so that they
could begin translating the field test materials into their languages of instruction.
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Preparing eTIMSS Field Test Items for Digital Delivery

Preparing the e TIMSS field test items for digital delivery required the additional step of entering each item
into IEA’s Item Builder, a web-based application for creating digital achievement items and instruments
for delivery to students via computers and tablets. For eTIMSS 2019, the Item Builder included templates
for both traditional (e.g., standard multiple-choice) and enhanced (e.g., drag and drop) item formats as
well as a variety of tools for designing the items, such as features for uploading and adding text to images,
creating tables, and previewing items as they would appear to students during the field test. After drafting
and reviewing the field test items on paper, staff at the TIMSS & PIRLS International Study Center entered
all eTIMSS items into the Item Builder and collaborated with IEA Hamburg to conduct extensive quality
control tests to ensure each item would appear and function as intended for students.

Developing Problem Solving and Inquiry (PSls) Tasks for eTIMSS

In many ways, PSI development work followed the standard TIMSS procedures for ensuring that the
items provide valid measurement of the TIMSS 2019 Assessment Frameworks (Mullis & Martin, 2017).
However, because the PSIs involved a new and more innovative approach to assessing mathematics and

science achievement in a digital environment, PSI development required additional efforts.

Developing engaging problem contexts with cohesive sets of achievement items necessitated even
more rounds of expert review than is typical for TIMSS items. Staff at the TIMSS & PIRLS International
Study Center began collaborating with SMIRC members to develop the PSIs in March 2015, nearly two
years before item writing for the rest of the TIMSS 2019 items began. Several SMIRC members worked
closely with TIMSS staff to develop the PSIs, which included providing initial ideas for the tasks and
participating in a series of meetings to develop and refine the problem contexts, items, and scoring guides.

Leading up to the field test, several SMIRC members and staff at the TIMSS & PIRLS International
Study Center met a total of five times at Boston College and conducted many online reviews to refine
the PSIs. SMIRC as a whole conducted its first in-depth review of the PSIs at the 1%t TIMSS 2019 SMIRC
meeting, which focused on the alignment between the tasks and the frameworks, the extent to which the
technology in the tasks supported the intended response processes, and the cross-cultural appropriateness
of the problem scenarios. The NRCs reviewed the PSIs prior to the field test at the 3™ TIMSS 2019 NRC
meeting.

In addition to extensive expert review, cognitive laboratories and a pilot test were conducted in
several eTIMSS countries in advance of the field test to gain insight into students’ interactions with the
PSIs and to test the functionality of the eAssessment System. This strand of development work provided
critical information about the usability of innovative item types and the eTIMSS interface, the amount of
time it took students to complete each task, and the approximate difficulty of the tasks. Following each
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outing and review, improvements were made to both the PSIs and their software with the aim of eliciting
the intended types of responses from students.

eTIMSS Cognitive Laboratories

Staff at the TIMSS & PIRLS International Study Center partnered with the American Institutes for
Research (AIR) to conduct cognitive laboratories in the very early stages of the transition to eTIMSS
(August 2015). The goal of this study was to investigate two aspects of digital assessment that would
inform next steps in eTIMSS development: students’ interactions with drafts of the first PSIs, and students’
experiences with the eTIMSS interface.

The TIMSS & PIRLS International Study Center prepared two prototype PSIs and a set of TIMSS trend
items in digital format at each grade, along with a list of research questions, from which AIR developed
interview protocols. During the interviews, students explained their thoughts while engaging with the
items on tablets, providing insight into how the PSI format and eTIMSS interface could be improved.

AIR conducted the interviews with a purposive sample of 32 fourth and eighth grade students
from the greater Washington, D.C. area. Following the interviews, AIR prepared a report to address
each of the TIMSS & PIRLS International Center’s research questions. The reports from the cognitive
laboratories prompted substantial revisions to the PSI item format and the eTIMSS interface. In particular,
the students reported difficulties in using a stylus to write or draw, so the device keyboards were enabled
for items requiring a written response and a new tool for drawing lines was developed.

eTIMSS prePilot

The eTIMSS prePilot was conducted in September 2016 to collect more information on students’
interactions with the draft PSIs and eTIMSS interface in a standard testing situation. The prePilot
instruments included a total of 12 PSI tasks across both subjects and grades and incorporated a broader
variety of interactive features and item types than the first prototypes. The instruments also were designed
to be administered on both computers and tablets to accommodate a wider range of devices and support
more countries’ participation in eTIMSS.

The eTIMSS prePilot was conducted in three English-speaking countries with experience in
conducting digital assessments: Australia, Canada, and Singapore. Each country selected two to four
classes at each grade to participate and made efforts to include students with a range of mathematics
and science ability. This sample yielded approximately 100 responses per item at both the fourth and the
eighth grade.

Students’ responses to the draft PSIs and participating countries” reports on their experiences carrying
out the study prompted additional changes to both the PSIs and their software before the field test.
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The TIMSS 2019 Field Test

In preparation for data collection, TIMSS routinely conducts a full-scale field test for the purposes of
evaluating the measurement properties of the item pool and practicing the data collection and scoring
procedures. For TIMSS 2019, the field test was a particularly critical “dress rehearsal” because it was the
tirst large-scale administration of e TIMSS on computers and tablets. In addition to providing important
information about how well each prospective item and PSI functioned, the field test results prompted a
number of improvements to the components in the eAssessment System as well as to the directions for
test administrators and students.

All eTIMSS and paperTIMSS materials and operational procedures were field tested with samples of
students selected according to rigorous sampling procedures. The field test in each country was designed
to be conducted in approximately 30 schools and yield at least 200 student responses to each mathematics
and science item. The school samples for the TIMSS 2019 Field Test and Data Collection were drawn
simultaneously, using the same random sampling procedures. This ensured that the field test samples
closely approximated the data collection samples, and that a school was selected for either the field test
or data collection, but not both. For example, if a country needed 150 schools for data collection and
another 30 for the field test, then a larger sample of 180 schools was selected and a systematic sample of
30 schools was selected for the field test from the 180 schools. See Chapter 3 for details about the school
and classroom sampling techniques used in TIMSS 2019.

Preparing for the eTIMSS 2019 Field Test was quite complicated and involved several additional
steps beyond those included in paperTIMSS. After translating and adapting the international instruments
in IEA’s online translation system, countries checked the functionality of their national instruments,
loaded the eTIMSS Player software onto each computer or tablet to be used in the field test, and checked
the compatibility of the software with the devices. Following each testing session, test administrators
uploaded students’ responses to IEA’s servers.

Exhibit 1.4 shows the total number of items in each fourth and eighth grade field test, as well as the
number of students, teachers, and schools that participated. Exhibits 1.5 through 1.8 provide a detailed
summary of the number of field test items in the eTIMSS and paperTIMSS field tests by format, content
domain, and cognitive domain.
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Exhibit 1.4: Overview of the TIMSS 2019 Field Test

Fourth Grade Eighth Grade
Less
eTIMSS paperTIMSS Difficult eTIMSS paperTIMSS
Mathematics

Items in Field Test

Mathematics 174 127 130 201 158
Science 164 134 134 212 167
Total 338 261 264 413 325

Responses per Iltem per

Country (approx.) 200 200 200 200 200
Participants

Countries 31 18 7 22 14
Benchmarking Entities 6 - - 5 -
Students 50,158 19,656 8,128 37,512 16,225
Teachers 3,337 1,176 471 5,009 1,826
Schools 1,340 526 203 852 342

Counts for eTIMSS include the items from the PSI tasks.
Five item blocks (64 items) were common to both the regular and less difficult fourth grade mathematics assessment.
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Exhibit 1.5: TIMSS 2019 Number of Field Test Items by Content Domain and Item Format -
Fourth Grade

Number of Number of Total Percentage of

Number of Items Total Items

Content Domain Selected Constructed
Response Items | Response Items

Mathematics — eTIMSS and paperTIMSS

Number 27 25 52 40%
Measurement and Geometry 22 20 42 32%
Data 15 22 37 28%
Total 64 67 131
Mathematics - Less Difficult
Number 31 24 55 42%
Measurement and Geometry 21 17 38 29%
Data 17 20 37 28%
Total 69 61 130
Science - eTIMSS and paperTIMSS
Life Science 40 22 62 46%
Physical Science 28 13 41 31%
Earth Science 18 13 31 23%
Total 86 48 134

Four mathematics items were only field tested in eTIMSS and four items were only field tested in paperTIMSS. Counts include all eight
of these items.

Five item blocks (64 items) were common to both the regular and less difficult fourth grade mathematics assessments.
Because percentages are rounded to the nearest whole number, some totals may appear inconsistent.
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Exhibit 1.6: TIMSS 2019 Number of Field Test Items by Cognitive Domain and Item Format - Fourth
Grade

Number of Number of Total Percentage of

Number of Items Total Items

Cognitive Domain Selected Constructed
Response Iltems | Response Items

Mathematics — eTIMSS and paperTIMSS

Knowing 29 14 43 33%
Applying 27 38 65 50%
Reasoning 8 15 23 18%
Total 64 67 131
Mathematics - Less Difficult
Knowing 36 11 47 36%
Applying 25 30 55 42%
Reasoning 8 20 28 22%
Total 69 61 130
Science - eTIMSS and paperTIMSS
Knowing 42 16 58 43%
Applying 28 17 45 34%
Reasoning 16 15 31 23%
Total 86 48 134

Four mathematics items were only field tested in eTIMSS and four items were only field tested in paperTIMSS. Counts include all eight
of these items.

Five item blocks (64 items) were common to both the regular and less difficult fourth grade mathematics assessments.

Because percentages are rounded to the nearest whole number, some totals may appear inconsistent.
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Exhibit 1.7: TIMSS 2019 Number of Field Test Items by Content Domain and Item Format — Eighth

Grade

Content Domain

Number of
Selected

Number of
Constructed

Total
Number of Items

Percentage of
Total Items

Response Items

Response Items

Mathematics — eTIMSS and paperTIMSS

Number 18 28 46 29%
Algebra 25 28 53 34%
Geometry 9 22 31 20%
Data and Probability 14 14 28 18%
Total 66 92 158
Science - eTIMSS and paperTIMSS

Biology 42 19 61 36%
Chemistry 22 16 38 23%
Physics 24 13 37 22%
Earth Science 24 7 31 19%
Total 112 55 167

Because percentages are rounded to the nearest whole number, some totals may appear inconsistent.

Exhibit 1.8: TIMSS 2019 Number of Field Test Items by Cognitive Domain and Item Format -

Eighth Grade

Cognitive Domain

Number of
Selected

Number of
Constructed

Total
Number of Items

Percentage of
Total Items

Response Items

Response Items

Mathematics — eTIMSS and paperTIMSS

Knowing 28 19 47 30%
Applying 32 46 78 49%
Reasoning 6 27 33 21%
Total 66 92 158
Science - eTIMSS and paperTIMSS
Knowing 46 12 58 35%
Applying 39 23 62 37%
Reasoning 27 20 47 28%
Total 112 55 167

Because percentages are rounded to the nearest whole number, some totals may appear inconsistent.
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The eTIMSS 2019 Field Test also included eight mathematics and science PSI tasks at the fourth
grade, comprising 72 items, and seven mathematics and science PSI tasks at the eighth grade, comprising
83 items. Because the PSIs were designed with the distinct goals of increasing coverage of traditionally
difficult to measure areas of the mathematics and science frameworks in the applying and reasoning
cognitive domains by capitalizing on technology, choices about the content topics to assess with each task
were largely guided by the problem contexts and potential uses of technology to enhance measurement.
Following the field test, two-thirds of the PSI tasks were selected for data collection (see Exhibit 1.18 for
a description of the selected tasks).

Developing the Materials for TIMSS 2019 Field Test

Scoring Training

To ensure the quality of the TIMSS assessment results, it is critical that students’ responses to the
achievement items demonstrate the knowledge, application, or reasoning in mathematics or science
required by the item to receive credit. It also is critical that students’ responses are evaluated consistently
to enable comparisons of students’ mathematics and science achievement across countries and over time.
For these reasons, TIMSS expends considerable effort to ensure the validity and reliability of the scores
assigned to students’ responses to the TIMSS achievement items.

In addition to developing a unique scoring guide for each constructed response item, the TIMSS
& PIRLS International Study Center provided training for the NRCs and their scoring supervisors to
ensure that the scoring guides for all human-scored constructed response items were applied consistently
within and across countries. The TIMSS 2019 training materials consisted of sets of student responses
for a selected group of items with the most complicated scoring guides. For each item, the training set
consisted of 8 to 12 student responses illustrating the codes in the scoring guide (example responses)
followed by 8 to 12 student responses without pre-assigned score codes (practice responses).

To allow for field test scoring to begin immediately upon completion of data collection, it was
necessary to prepare scoring training materials for the newly developed constructed response items
in advance of the field test. To provide “grist” for these materials, Australia, England, and Ireland pilot
tested a selection of the newly developed constructed response field test items in several classrooms with
English-speaking students in January 2018. Because students may express their answers in different ways
when typing versus writing by hand, both typed and handwritten responses were collected for the all
items in both the eTIMSS and paperTIMSS assessments.

Exhibit 1.9 provides the number of items included in the pilot test and the number of student
responses collected. Only a small number of mathematics items required scoring training, so the majority
of the items in the pilot were in science.
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Exhibit 1.9: Pilot Test Student Responses for Field Test Scoring Training Materials Development

Number of Approximate Number of Responses
Items eTIMSS paperTIMSS

Fourth Grade

Mathematics 5 93 96

Science 21 93 96
Countries England Australia and Ireland
Eighth Grade

Mathematics 6 80 43

Science 19 80 43
Countries England Ireland

Consultants and staff at the TIMSS & PIRLS International Study Center met in January 2018 to
review responses collected in the pilot test and create the training materials. For the TIMSS 2019 Field
Test, training sets of example and practice responses were created for a total of 23 fourth grade items and
30 eighth grade items. These sets included both typed and handwritten responses to prepare scorers to
score student responses in both modes of administration.

The TIMSS 2019 NRCs and their scoring supervisors received scoring training for the field test in
March 2018 in Madrid, Spain, as part of the 4" TIMSS 2019 NRC meeting. At the training sessions, the
trainers explained the purpose of each item and read it aloud. The trainer then described the scoring
guide, explaining each category and the rationale for the score given to each example paper. The country
representatives were then given time to score the practice papers so they could apply the scoring guides
and learn how to make distinctions among categories. The correct codes for each practice paper were
then reviewed, any inconsistencies in scoring were discussed, and, as necessary, the scoring guides were
clarified and sometimes categories were revised.

Finalizing the TIMSS 2019 Achievement Instruments

Subsequent to the field test, the TIMSS & PIRLS International Study Center analyzed the TIMSS field test
data and selected the new items to be combined with the trend items for data collection. When selecting
the items, both the measurement properties (item statistics) of the individual items and the overall content
and cognitive domain coverage of the group of items were considered to ensure that the final achievement
instruments met the assessment specifications in the frameworks.

To review the measurement properties of the field test items, staff at the TIMSS & PIRLS
International Study Center prepared almanacs containing summary item statistics for each field test
item. The achievement data almanacs displayed for each item, row by row for each country: the number
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of students to whom the item was administered, the item difficulty and discrimination, the percentage
of students answering each option (selected response) or in each score category (constructed response),
the point-biserial correlation for each selected response option or constructed response category, and the
degree of scoring agreement for human-scored constructed response items. The field test data were used
by the TIMSS & PIRLS International Study Center, expert committees, and NRCs to assess the quality
of the field test items.

First, staff at the TIMSS & PIRLS International Study Center reviewed the field test data to make
an initial judgment about the quality of each item based on its measurement properties. Items were
eliminated from further consideration if they had poor measurement properties, such as being too
difficult or too easy or having low discrimination. Particular attention was paid to unusual item statistics
in individual countries because these could indicate errors in translation.

After the item-by-item review, staff at the TIMSS & PIRLS International Study Center collaborated
with a subset of SMIRC members to choose a set of recommended achievement items. The group
reviewed the viable field test items for each content domain topic in relation to the trend items to select
a coherent group of items for each topic, then verified that the set of items were appropriately distributed
across the cognitive domains and item formats. SMIRC scrutinized the recommendations for the newly
developed achievement items at the 3 TIMSS 2019 SMIRC meeting, reviewing the items and scoring
guides for content accuracy, clarity, and adherence to the frameworks.

To allow for any major revisions to the PSIs to be completed in time for data collection, the NRCs
were asked to provide feedback on the PSIs when they submitted their field test data. Staff at the
TIMSS & PIRLS International Study Center reviewed all NRC comments in conjunction with the data,
selected the PSIs for the eTIMSS 2019 assessments based on the NRCs’ recommendations, and began
editing the selected tasks in June 2018. SMIRC also reviewed the PSIs at their 3'¢ meeting.

Next, staff at the TIMSS & PIRLS International Study Center implemented SMIRC’s
recommendations and assembled the items into assessment blocks for the NRCs’ penultimate review. The
NRCs had the opportunity to review the recommended assessment blocks in light of the field test results
and within the security of their own countries. Each country also could check any unusual national results
that might be indicative of translation errors and correct the translation as necessary or recommend
revisions to better accommodate translation. Finally, the 5 TIMSS 2019 NRC meeting held in Stockholm,
Sweden, in August 2018 was devoted to reviewing all the newly developed items.

Following the final review, the newly developed item blocks and existing trend item blocks were
arranged into digital block combinations for eTIMSS and booklets for paperTIMSS according to the
TIMSS 2019 Assessment Design (Martin, Mullis & Foy, 2017). For eTIMSS, the trend item blocks were
converted from paper to digital format to be administered via the eAssessment System along with the
new item blocks. The results of the TIMSS 2019 Item Equivalence Study (Fishbein, Martin, Mullis, &
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Foy, 2018), a pilot conducted in 25 eTIMSS countries to investigate potential differences in student
achievement on the trend items between the paper and digital modes of administration, provided
evidence that the mathematics and science constructs assessed by the trend items were mostly unaffected
in the transition to eTIMSS at both grades. Still, to ensure that the eTIMSS and paperTIMSS results could
be reported on the same achievement scale, eTIMSS 2019 countries that had participated in TIMSS 2015
also re-administered the trend items in paper booklets to a nationally representative sample of students
during data collection to provide a “bridge” between paperTIMSS and eTIMSS (see Chapter 12 for
additional details).

Distribution of the TIMSS 2019 Achievement ltems

It is critical to document the coherence between the assessment frameworks and achievement instruments
to ensure that an assessment measures what it is intended to measure and provide evidence for the
validity of the assessment results. Because the TIMSS assessments encompass two domains (content and
cognitive) and include both trend and newly developed items in a variety of formats, it is necessary to
demonstrate the alignment between the items and assessment specifications from multiple perspectives.

Achievement Items by Content and Cognitive Domain

The TIMSS 2019 assessments consisted of approximately 40 percent new items and 60 percent trend
items, which were used to continue trend measurement from the previous assessment cycles. Therefore,
it is important to confirm that the distribution of both the trend and new items across the content and
cognitive domains reflects the specifications described in the assessment frameworks. The distribution
of the trend items typically varies from the target specifications because the assessment frameworks are
updated with each cycle and items are “retired” from the assessment, so the new items are selected to
ensure the final assessments are aligned with the frameworks.

Exhibits 1.10 and 1.11 present the number of trend and newly developed items as well as the number
of score points in the TIMSS 2019 fourth grade assessments by content domain and cognitive domain,
respectively. The number of items represents the number of distinct questions in the assessment, while
the number of score points represents the complexity and weight given to each item. Exhibits 1.12 and
1.13 present the TIMSS 2019 eighth grade assessments by content and cognitive domain.
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Exhibit 1.10: TIMSS 2019 Achievement Items by Content Domain — Fourth Grade

Content

Domain | Mumberor | PErCEntage | umber or | PErCentage | umber o | Porcentage | "CCLS"
Points Points Points Points
Mathematics — eTIMSS and paperTIMSS
Number 55 (59) 61% 29 (30) 32% 84 (89) 47% 50%
gﬂnedasé“;g?g{;; 26 (27) 28% 27 (31) 33% 53 (58) 31% 30%
Data 1 (11) 11% 27 (32) 34% 38 (43) 23% 20%
Total 92 (97) 83 (93) 175 (190)
Mathematics - Less Difficult
Number 67 (68) 59% 29 (32) 42% 96 (100) 52% 50%
gﬂn%azuggrr:zﬂty 31 (34) 29% 20 (21) 28% 51 (55) 29% 30%
Data 13 (14) 12% 19 (23) 30% 32 (37) 19% 20%
Total 111 (116) 68 (76) 179 (192)
Science - eTIMSS and paperTIMSS

Life Science 44 (47) 46% 34 (36) 46% 78 (83) 46% 45%
22?';'1‘;2 36 (37) 36% 26 (26) 33% 62 (63) 35% 35%
Earth Science 18 (18) 18% 17 (17) 22% 35 (35) 19% 20%
Total 98 (102) 77 (79) 175 (181)

Score points are shown in parentheses.

Two mathematics items involving an on-screen ruler tool were only included in eTIMSS assessment.

Four item blocks (48 items) were common to both the regular and less difficult fourth grade mathematics assessments.
Because percentages are rounded to the nearest whole number, some totals may appear inconsistent.
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Exhibit 1.11: TIMSS 2019 Achievement Items by Cognitive Domain — Fourth Grade

Domain | Numberot | Pereentage | wumberof | Pereentage | wumberof | Percentage | Lol
Points Points Points Points
Mathematics — eTIMSS and paperTIMSS
Knowing 34 (34) 35% 29 (29) 31% 63 (63) 33% 40%
Applying 40 (42) 43% 34 (39) 42% 74 (81) 43% 40%
Reasoning 18 (21) 22% 20 (25) 27% 38 (46) 24% 20%
Total 92 (97) 83 (93) 175 (190)
Mathematics - Less Difficult
Knowing 56 (56) 48% 25 (26) 34% 81 (82) 43% 40%
Applying 39 (40) 34% 27 (32) 42% 66 (72) 38% 40%
Reasoning 16 (20) 17% 16 (18) 24% 32 (38) 20% 20%
Total 111 (116) 68 (76) 179 (192)
Science - eTIMSS and paperTIMSS

Knowing 42 (45) 44% 31 (32) 41% 73 (77) 43% 40%
Applying 35 (36) 35% 30 (30) 38% 65 (66) 36% 40%
Reasoning 21 (21) 21% 16 (17) 22% 37 (38) 21% 20%
Total 98 (102) 77 (79) 175 (181)

Score points are shown in parentheses.

Two mathematics items involving an on-screen ruler tool were only included in eTIMSS assessment.

Four item blocks (48 items) were common to both the regular and less difficult fourth grade mathematics assessments.
Because percentages are rounded to the nearest whole number, some totals may appear inconsistent.
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Exhibit 1.12: TIMSS 2019 Achievement Items by Content Domain - Eighth Grade

bomain | Numberot |Poreentage | wumberof | Percentage | wumberof | Percentage | CCICIS®
Points Points Points Points
Mathematics — eTIMSS and paperTIMSS
Number 36 (37) 30% 28 (30) 30% 64 (67) 30% 30%
Algebra 31 (32) 26% 31 (32) 32% 62 (64) 29% 30%
Geometry 25 (28) 22% 18 (20) 20% 43 (48) 21% 20%
E?;z;t?iﬁty 25 (28) 22% 17 (17) 17% 42 (45) 20% 20%
Total 117 (125) 94 (99) 211 (224)
Science - eTIMSS and paperTIMSS

Biology 39 (48) 32% 38 (43) 39% 77 (1) 35% 35%
Chemistry 22 (23) 18% 22 (25) 22% 44 (48) 20% 20%
Physics 33 (33) 27% 22 (25) 22% 55 (58) 25% 25%
Earth Science 28 (29) 23% 16 (17) 16% 44 (46) 20% 20%
Total 122 (133) 98 (110) 220 (243)

Score points are shown in parentheses.
Because percentages are rounded to the nearest whole number, some totals may appear inconsistent.

Exhibit 1.13: TIMSS 2019 Achievement Iltems by Cognitive Domain — Eighth Grade

Cognitive Percentage

Domain | Number ot | Poreenage | umber of | Percentage | vumber of [Percentage  PCrCToR
Points Points Points Points
Mathematics — eTIMSS and paperTIMSS
Knowing 35 (35) 28% 30 (32) 32% 65 (67) 30% 35%
Applying 58 (61) 49% 39 (40) 40% 97 (101) 45% 40%
Reasoning 24 (29) 23% 25 (27) 27% 49 (56) 25% 25%
Total 117 (125) 94 (99) 211 (224)
Science — eTIMSS and paperTIMSS

Knowing 45 (50) 37% 35 (36) 36% 80 (86) 36% 35%
Applying 46 (50) 38% 36 (44) 37% 82 (94) 37% 35%
Reasoning 31 (33) 25% 27 (30) 28% 58 (63) 26% 30%
Total 122 (133) 98 (110) 220 (243)

Score points are shown in parentheses.
Because percentages are rounded to the nearest whole number, some totals may appear inconsistent.
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Achievement Items by Item Formats within Content and Cognitive Domains

To assess the broad range of mathematics and science topics and skills described in the assessment
frameworks, the TIMSS 2019 fourth and eighth grade assessments included a wide variety of selected
response and constructed response items. Both the digital and paper versions of the TIMSS 2019
assessments included two general types of selected response items—single selection, in which students
choose one of four response options, and multiple selection, in which students chose more than one
option from a number of response options or made a series of selections to respond to a question. In
eTIMSS, the answer options for some selected response items were presented in drop-down menus or
as clickable pictures or words. Most TIMSS 2019 selected response items were worth one score point,
although some multiple selection items were worth two score points. The 2-point multiple selection
items were scored as fully correct (all parts answered correctly; 2 score points), partially correct (most
parts answered correctly; 1 score point), or incorrect (few or no parts answered correctly; 0 score points).

Constructed response items, which involve writing or typing words or numbers, drawing, or
dragging and dropping for eTIMSS, were worth one or two score points depending on the degree of
complexity involved. The 1-point constructed response items were scored as correct (1 score point) or
incorrect (0 score points), whereas 2-point constructed response items were scored as fully correct (2
score points), partially correct (1 score point), or incorrect (0 score points). Fully correct responses show
a complete or deeper understanding of a task while partially correct responses demonstrate only a partial
understanding of the concepts or procedures embodied in the task.

To ensure sufficient coverage of the assessment frameworks, it is important to verify that an
assortment of selected and constructed response items are used to assess each domain. Exhibits 1.14
through 1.17 display the number of items (and score points) by item format for each content and cognitive
domain in the fourth and eighth grade assessments.
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Exhibit 1.14: TIMSS 2019 Achievement Items by Content Domain and Item Format — Fourth Grade

Selected Constructed TR
Response Items Response Items
Content Domain P P Total Items | of Score

Points

Single Multiple
Selection Selection

Mathematics — eTIMSS and paperTIMSS

Number 39 (39) 7 (7) 33 (33) 5 (10) 84 (89) 47%
Measurement

and Geometry 25 (25) 6 (6) 17 (17) 5 (10) 53 (58) 31%
Data 8 (8) 33 22 (22) 5 (10) 38 (43) 23%
Total 72 (72) 16 (16) 72 (72) 15 (30) 175 (190)

Achieved Percentage of

o, 0,
Score Points 46% 54%

Mathematics - Less Difficult

Number 46 (46) 1(1) 45 (45) 4 (8) 96 (100) 52%
Measurement o
and Geometry 26 (26) 2 (2 19 (19) 4 (8) 51 (55) 29%
Data 10 (10) 2 (3) 16 (16) 4 (8) 32 (37) 19%
Total 82 (82) 5 (6) 80 (80) 12 (24) 179 (192)

Achieved Percentage of

0, 0,
Score Points 46% 54%

Science - eTIMSS and paperTIMSS

Life Science 35 (35) 6 (7) 33 (33) 4 (8) 78 (83) 46%
Physical Science 35 (35) 5 (5) 21 (21) 1(2) 62 (63) 35%
Earth Science 24 (24) 4 (4) 7 (7) - - 35 (35) 19%
Total 94 (94) 15 (16) 61 (61) 5 (10) 175 (181)

Achieved Percentage of

0, 0,
Score Points 61% 39%

Score points are shown in parentheses.

Two fourth grade mathematics items involving an on-screen ruler tool were only included in eTIMSS assessment.

Four item blocks (48 items) were common to both the regular and less difficult fourth grade mathematics assessments.
Because percentages are rounded to the nearest whole number, some totals may appear inconsistent.
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Exhibit 1.15: TIMSS 2019 Achievement Iltems by Cognitive Domain and Item Format — Fourth Grade

Selected Constructed
» : Response Items Response Items Percentage
Cognitive Domain Total Items | of Score

Points

Single Multiple
Selection Selection

Mathematics — eTIMSS and paperTIMSS

Knowing 33 (33) 12 (12) 18 (18) - - 63 (63) 33%
Applying 25 (25) 2 () 40 (40) 7 (14) 74 (81) 43%
Reasoning 14 (14) 2 () 14 (14) 8 (16) 38 (46) 24%
Total 72 (72) 16 (16) 72 (72) 15 (30) 175 (190)

Achieved Percentage of

o, 0,
Score Points 46% 54%

Mathematics - Less Difficult

Knowing 46 (46) 2 (2) 32 (32) 1(2) 81 (82) 43%
Applying 25 (25) 2 (3) 34 (34) 5 (10) 66 (72) 38%
Reasoning 11 (1) 1(1) 14 (14) 6 (12) 32 (38) 20%
Total 82 (82) 5 (6) 80 (80) 12 (24) 179 (192)

Achieved Percentage of 46% 54%

Score Points
Science - eTIMSS and paperTIMSS

Knowing 42 (42) 10 (11) 18 (18) 3 (6) 73 (77) 43%
Applying 33 (33) 3 (3) 28 (28) 1(2) 65 (66) 36%
Reasoning 19 (19) 2 () 15 (15) 1(2) 37 (38) 21%
Total 94 (94) 15 (16) 61 (61) 5 (10) 175 (181)

Achieved Percentage of

0, 0,
Score Points 61% 39%

Score points are shown in parentheses.

Two fourth grade mathematics items involving an on-screen ruler tool were only included in eTIMSS assessment.

Four item blocks (48 items) were common to both the regular and less difficult fourth grade mathematics assessments.
Because percentages are rounded to the nearest whole number, some totals may appear inconsistent.
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Exhibit 1.16: TIMSS 2019 Achievement Items by Content Domain and Item Format — Eighth Grade

Selected Constructed TR
Response Items Response Items
Content Domain P P Total Items | of Score

Single Multiple
Selection Selection

Mathematics — eTIMSS and paperTIMSS

Number 27 (27) 4 (6) 32 (32) 1(2) 64 (67) 30%
Algebra 32 (32) 1(1) 27 (27) 2 (4) 62 (64) 29%
Geometry 15 (15) 2 (2 21 (21) 5 (10) 43 (48) 21%
Data and Probability 18 (18) 5 (7) 18 (18) 12 42 (45) 20%
Total 92 (92) 12 (16) 98 (98) 9 (18) 211 (224)

Achieved Percentage of 48% 529

Score Points
Science - eTIMSS and paperTIMSS

Biology 37 (37) 9 (12) 20 (20) 11 (22) 77 (91) 37%
Chemistry 19 (19) 4 (5) 18 (18) 3 (6) 44 (48) 20%
Physics 29 (29) 7 (7) 16 (16) 3 (6) 55 (58) 24%
Earth Science 30 (30) 4 (6) 10 (10) - - 44 (46) 19%
Total 115 (115) 24 (30) 64 (64) 17 (34) 220 (243)

Achieved Percentage of 60% 40%

Score Points

Score points are shown in parentheses.
Because percentages are rounded to the nearest whole number, some totals may appear inconsistent.
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Exhibit 1.17: TIMSS 2019 Achievement Items by Cognitive Domain and Item Format - Eighth Grade

Selected Constructed
» : Response Items Response Items Percentage
Cognitive Domain Total Items | of Score

Points

Single Multiple
Selection Selection

Mathematics — eTIMSS and paperTIMSS

Knowing 41 (41) 5 (7) 19 (19) - - 65 (67) 30%
Applying 40 (40) 4 (4) 49 (49) 4 (8) 97 (101) 45%
Reasoning 1 (1) 3 (5) 30 (30) 5 (10) 49 (56) 25%
Total 92 (92) 12 (16) 98 (98) 9 (18) 211 (224)

Achieved Percentage of

o, 0,
Score Points 48% 52%

Science - eTIMSS and paperTIMSS

Knowing 56 (56) 11 (14) 10 (10) 3 (6) 80 (86) 35%
Applying 38 (38) 8 (10) 26 (26) 10 (20) 82 (94) 39%
Reasoning 21 (21) 5 (6) 28 (28) 4 (8) 58 (63) 26%
Total 115 (115) 24 (30) 64 (64) 17 (34) 220 (243)

Achieved Percentage of

() o,
Score Points 60% 40%

Score points are shown in parentheses.
Because percentages are rounded to the nearest whole number, some totals may appear inconsistent.

eTIMSS Problem Solving and Inquiry Tasks (PSlIs) by Content and Cognitive Domain

Exhibit 1.18 provides a brief description of the e TIMSS 2019 PSI problem scenarios and the total number
of items (and score points) in each task. The tasks covered a range of mathematics and science content
domain topics and, consistent with the goal of the PSIs to assess higher-order skills, the majority of the
items in the PSIs involved applying and reasoning.
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Exhibit 1.18: eTIMSS 2019 Mathematics and Science Problem Solving and Inquiry Tasks (PSls)

Fourth Grade PSls Total Items

Mathematics

School Party — Students plan a party for a school by determining the price for tickets and

the amount of food, drinks, and decorations to purchase for the party 11(14)
Robots — Students use a robot that can follow input-output rules to solve mathematics

; , 6(7)
problems and determine the robot’s rules
Little Penguins — Students add information to a website about Little Penguins by solving a 12 (14)
series of mathematics problems involving facts about penguins
Science
Farm Investigation — Students carry out a virtual investigation to identify the farm animal 10 (16)
responsible for eating garden plants
Sugar Experiment — Students design and carry out a virtual experiment to test which of 9 (13)

three types of sugar dissolves fastest in water
Eighth Grade PSls Total Items
Mathematics

Dinosaur Speed - Students use the relationships between foot length, leg height, and stride

length to estimate how fast a dinosaur could run 12(13)
Building — Students determine the dimensions of a shed to store equipment, including a 9 (11)
barrel to collect rainwater

Robots — Students determine functions using a robot that applies a function to determine y 4(4)
for any given value of x

Science

Sunken Ship — Students carry out a virtual investigation into the circumstances that resulted 16 (17)
in the sinking of a ship

Pepper Plants — Students design and carry out a virtual experiment to test the effects of two 13 (18)

fertilizers on the growth and development of pepper plants

Score points are shown in parentheses.

The addition of the PSIs for eTIMSS resulted in a slight increase in coverage of the applying and
reasoning cognitive domains at both the fourth and the eighth grade. However, comprising only a
small part of the whole assessment (approximately 12 percent), the PSIs did not substantially alter the
framework coverage provided by the eTIMSS assessments. The pie charts in Exhibits 1.19 and 1.20 show
the percentage of assessment score points in each content and cognitive domain in the eTIMSS 2019
assessments, both with and without the PSIs included, compared to the target percentage of testing time
allocated to each domain.
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Exhibit 1.19: Comparison of Target and Achieved Percentages of Domain Coverage in the
eTIMSS 2019 Mathematics and Science Assessments — Fourth Grade

O Target percentage of testing time specified in the framework
O Achieved percentage of score points from regular items
O Achieved percentage of score points from regular and PSI items

MATHEMATICS

Content Domains Cognitive Domains

SCIENCE

Content Domains Cognitive Domains

Life’'Science

Earth Science R

17%
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Exhibit 1.20: Comparison of Target and Achieved Percentages of Domain Coverage in the
eTIMSS 2019 Mathematics and Science Assessments — Eighth Grade

O Target percentage of testing time specified in the framework
O Achieved percentage of score points from regular items
O Achieved percentage of score points from regular and PSI items

MATHEMATICS

Content Domains Cognitive Domains

SCIENCE

Content Domains Cognitive Domains

Reasoning
32%

Earth Science
19%
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TIMSS 2019 Constructed Response Scoring Training

In preparation for the main data collection scoring training, some TIMSS 2019 scoring guides were
further refined or clarified based on the results of the field test. This also included a thorough review
of the field test scoring training materials to ensure that the student responses were still suitable for the
updated scoring guides. In some cases, example and practice sets used in the field test were expanded to
turther illustrate particular aspects of a scoring guide.

The TIMSS 2019 scoring training materials also included the training sets for the trend items
used in TIMSS 2015. These training materials were updated for TIMSS 2019 to include both typed and
handwritten responses. In all, the TIMSS 2019 scoring training materials included sets of example and
practice responses for a total of 26 fourth grade items and 27 eighth grade items.

To provide scoring training for all the countries participating in TIMSS 2019, the TIMSS & PIRLS
International Study Center conducted two training sessions. First, the NRCs for Southern Hemisphere
countries and their scoring supervisors received scoring training in November 2018 in Cape Town, South
Africa. The NRCs for Northern Hemisphere countries and their scoring supervisors received scoring
training in March 2019 in Limassol, Cyprus as part of the 6™ TIMSS 2019 NRC meeting. Exhibit 1.21
shows the number of participants in the two scoring training sessions.

Exhibit 1.21: TIMSS 2019 Scoring Training Participation

Participants Southern Northern
e Hemisphere Hemisphere

Number of Countries 7 52
Number of Benchmarking Entities - 5
Number of Country Representatives 24 150

After participating in scoring training, the NRCs and their scoring supervisors organized and
carried out scoring activities in their respective countries. In addition to scoring the student responses,
all countries participated in several supplementary scoring activities to document the scoring reliability of
the human-scored items. The procedures used to establish scoring reliability within each country, across
countries, and across assessment cycles are described in Survey Operations Procedures for TIMSS 2019.
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The Process Following Instrument Development

After the participating countries received the international version of the achievement instruments,

they began the process of translation and cultural adaptation (some adaptation to local usage typically

is necessary even in English-speaking countries) and production of the materials needed to administer

the assessment. The tasks involved in producing the materials differed depending on whether eTIMSS

or paperTIMSS was being administered. At the same time, countries made final arrangements for data

collection, including the host of activities necessary to obtain school participation and implement test

administration.
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CHAPTER 2

Updating the TIMSS 2019 Instruments
for Describing the Contexts for Student
Learning

Ina V.S. Mullis
Bethany Fishbein

Introduction

Beginning with the first TIMSS assessments in 1995, each TIMSS assessment cycle has collected an array
of information from each participating country about the national, home, school, and classroom contexts
in which students learn mathematics and science. The purpose for collecting these data is to learn more
about the educational factors that are related to mathematics and science achievement by examining these
factors internationally across and within countries. The fundamental idea is for countries to learn from
each other about possible ways to improve their own education systems.

Considering countries’ mathematics and science achievement together with the factors that can
facilitate that achievement is at the core of TIMSS. Collecting comparable data across countries about
students’ opportunities for learning mathematics and science is as central to TIMSS as collecting
comparable data about students’ mathematics and science achievement.

The areas of the student learning contexts addressed in the TIMSS 2019 context questionnaire
instruments were described in the TIMSS 2019 Context Questionnaire Framework. Because TIMSS has

been administered every four years since 1995, making TIMSS 2019 the seventh TIMSS administration,
many aspects of collecting the contextual data have become relatively stable across cycles. Similar to
previous TIMSS assessments, in TIMSS 2019:

e The home, school, teacher, and student context questionnaires were administered together
with the mathematics and science assessments

e Substantial portions of the TIMSS 2019 International Results in Mathematics and Science
were devoted to reporting the data collected via the home, school, teacher, and student
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questionnaires in relation to countries’ achievement on the mathematics and science
assessments

e The TIMSS 2019 Encyclopedia was based on countries’ responses to the TIMSS 2019
Curriculum Questionnaire and each country wrote a chapter for the Encyclopedia describing
its mathematics and science curricula and general education policies

e Many of the topics covered in the context questionnaires and the information provided by
countries for their chapters in the TIMSS 2019 Encyclopedia were similar to those in previous
assessments, although updated for TIMSS 2019.

Description of the TIMSS 2019 Context Questionnaires

This section describes the TIMSS 2019 Home, School, Teacher, Student, and Curriculum Questionnaires,
including who was responsible for completing each questionnaire, the content covered, and the method
for administering the questionnaire. The TIMSS 2019 context questionnaires can be viewed in their
entirety on the TIMSS 2019 Context Questionnaires webpage.

Home Questionnaire

The Home Questionnaire (also known as the “Early Learning Survey”) was administered at the fourth
grade to the students’ parents or guardians. It asked about home resources for fostering literacy and
numeracy skills, the parents’ highest level of education, employment situations, opinions about their
child’s school, their child’s attendance in preprimary education programs, the emphasis on literacy and
numeracy activities in the home before the child attended school (such as reading books, singing songs,
writing words and numbers, and counting), and the level of their child’s literacy and numeracy skills
when beginning school. Countries asked students’ parents or guardians to complete the questionnaire
online or sent it to the students’ homes in paper-and-pencil format.

School Questionnaire

The School Questionnaire was administered at the fourth and eighth grades to the principals of the
students’” schools. It asked about the level of students’ literacy and numeracy skills when they first enter
the school, the availability of instructional resources, the socioeconomic background of the students
attending the school, the school’s emphasis on academic success, the need for discipline, and the
principals’ education. Countries administered the questionnaire either online or via paper-and-pencil.
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Teacher Questionnaires

A single version of the Teacher Questionnaire was administered at the fourth grade to students’ teachers,
given that generally the same teachers taught the students both mathematics and science. At the eighth
grade, there were separate versions of the questionnaire for the students’ mathematics teachers and
the students’ science teachers. The questionnaires asked about the teachers” education, professional
development, and career satisfaction as well as about students’ readiness for instruction, the frequency
they do various instructional activities, difficulties in providing instruction, curriculum topics covered,
assessment practices, and availability of computers for instruction. Countries administered the Teacher
Questionnaire either online or via paper-and-pencil.

Student Questionnaire

Administered to all students at the fourth and eighth grades, the Student Questionnaire asked students
about their educational experiences at home and school related to learning mathematics and science. It
also included several scales about their attitudes toward learning mathematics and science. At the eighth
grade, there were two versions of the questions about science—one for countries that taught science as
an integrated subject and one for countries where science was taught as separate subjects (e.g., biology,
earth science, chemistry, and physics). The separate science questionnaire asked some of the questions for
each content area individually. Regardless of whether they were participating in eTIMSS or paperTIMSS,
students were administered a paper-and-pencil questionnaire at the end of their testing session.

For countries that participated in eTIMSS, students also answered several questions on their digital
devices at the end of the assessment about their experience taking the eTIMSS assessment and their
familiarity with digital devices.

Curriculum Questionnaire

The Curriculum Questionnaire was administered at the fourth and eighth grades to the National
Research Coordinators (NRCs) of the participating countries. This questionnaire collected information
about national curriculum policies and practices related to the countries’ educational systems and the
organization and content of the mathematics and science curricula in their country. The Curriculum
Questionnaire was administered online.

Maintaining Continuity with Previous Assessments

Much of the information in the TIMSS 2019 context questionnaires was collected in the form of context
questionnaire scales (typically including 8-12 items) that measure particular factors or constructs that
have been found to be related to mathematics and science achievement as assessed by TIMSS. Many of
the scales included in the TIMSS 2019 questionnaires were brought forward from 2015 because they
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addressed home and school factors that have been of interest for several assessment cycles. These scales

either were brought forward in their entirety or modified for the 2019 cycle.

The following existing scales were included in the Home Questionnaire:

Home Resources for Learning

¢ Home Early Literacy and Numeracy Activities Before Primary School

e Could Do Early Literacy and Numeracy Tasks When Beginning Primary School

e Parents’ Perceptions of Their Child’s School

Existing scales included in the School Questionnaire covered:

e Instruction Affected by Resource Shortages

e School Emphasis on Academic Success (also included in the Teacher Questionnaire)

School Discipline

e Schools Where Students Entered Primary Grades with Literacy and Numeracy Skills

Existing scales included in the Teacher Questionnaire covered:

e School Emphasis on Academic Success (also in the School Questionnaire)

Safe and Orderly School

Teachers’ Job Satisfaction

e Classroom Teaching Limited by Students Not Ready for Instruction

The following existing scales were included in the Student Questionnaire:

TIMSS 2019 also continued the long-standing practice of asking students about their attitudes toward

Student Bullying
Sense of School Belonging

mathematics and science, primarily via the following scales:

Students Like Learning Mathematics

Students Like Learning Science

Students Confident in Mathematics

Students Confident in Science
Students Value Mathematics

Students Value Science
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Other topics also were brought forward to TIMSS 2019 from previous assessments. Collecting
information about the curriculum has been central to TIMSS from the beginning, and TIMSS 2019
continued this by asking countries to describe their mathematics and science curricula in the curriculum
questionnaire and in their chapters for the TIMSS 2019 Encyclopedia. The chapters detailed each country’s

nationally specified (or formal) curricula in mathematics and science (sometimes called the intended
curriculum by TIMSS). To collect information about students’ opportunity to learn the country’s
curriculum, the teachers of the TIMSS students were asked which TIMSS topics had been covered during
the current or previous school years.

Teacher education policies and practices also have been of continued interest across assessment
cycles. TIMSS 2019 asked countries to describe the education and credentialing procedures for becoming
a teacher in the Curriculum Questionnaire and professional development requirements and programs
were described in the Encyclopedia chapters. The Teacher Questionnaire asked teachers themselves about
their education degrees, areas of concentrated study while earning their degrees, and participation in
professional development after becoming a teacher.

Updates to the TIMSS 2019 Context Questionnaires and
Encyclopedia Chapters

Although a number of scales and questions were brought forward from TIMSS 2015, the TIMSS 2019
Home, School, Teacher, and Student Questionnaires as well as the Curriculum Questionnaire and the
outline for the countries’ Encyclopedia chapters were updated to address important areas of current
research, such using digital devices in mathematics and science instruction. Considering recommendations
from the participating countries about the most useful information to collect, TIMSS 2019 had three
main goals for improving the context questionnaires: 1) enhancing the measures of teacher instructional
quality, 2) addressing areas relevant to using technology in instruction and assessment, and 3) reducing
the response burden for teachers.

TIMSS 2019 focused on scales of teacher instructional quality based on students’ reports. New items
were written for the Student Questionnaire to enhance existing measures aligned with research about
“instructional clarity” To address the topic of classroom management, a new scale was developed asking
students about the extent disorderly behavior occurs in their mathematics lessons. New items in the
Student Questionnaire also asked about how often teachers use instructional activities related to problem
solving and inquiry, such as conducting science experiments.

With more than half the participating countries transitioning to eTIMSS, TIMSS 2019 renewed
efforts to collect data about technology use for instruction and assessment. The School Questionnaire
asked principals about the availability of technology resources, such as digital learning resources (e.g.,

>, TIMSS & PIRLS
lé IEA International Study Center

< Lynch School of Education CHAPTER 2: UPDATING CONTEXT QUESTIONNAIRE INSTRUMENTS
BOSTON COLLEGE METHODS AND PROCEDURES: TIMSS 2019 TECHNICAL REPORT 2.5



http://timssandpirls.bc.edu/timss2019/encyclopedia/
http://timssandpirls.bc.edu/timss2019/encyclopedia/
http://timssandpirls.bc.edu/timss2019/encyclopedia/

& IEA
TIMSS
2019 |

2019

digital books). Teachers were asked about using computers to support students in mathematics and
science lessons, and whether students take mathematics and science tests on digital devices. To cover
additional questionnaire topics relevant to digital assessment, students who took eTIMSS answered
questions about their familiarity with using digital devices for schoolwork.

New items for the Home Questionnaire improved coverage for early numeracy activities and skills,
such as drawing shapes and measuring quantities. The Student Questionnaire scale at the eighth grade
about students’ bullying experiences also was revamped to better reflect the current trends related to
social media and cyberbullying. The new scale included a greater emphasis on bullying experienced
through digital devices.

Based on feedback from NRCs and in response to high rates of teacher nonresponse in several
TIMSS 2015 countries, several items and scales that were given a lower priority were retired from the
Teacher Questionnaire, including those asking about school working conditions, collaborating with other
teachers, and confidence in teaching the curriculum.

TIMSS 2019 also retired some content to reduce the burden for NRCs. Several topics were moved
from the Encyclopedia chapters to the Curriculum Questionnaire, including the countries’ language(s) of
instruction, additional education requirements for mathematics and science teachers, and the first grade
of schooling taught by subject specialist teachers. Several topics deemed to be outdated were deleted
from the Curriculum Questionnaire, such as policies for student tracking and the process for approving
instructional materials.

Overview of the Updating Process

With each new assessment cycle, the TIMSS & PIRLS International Study Center at Boston College follows
a collaborative and iterative process to update the TIMSS data collection instruments for the contexts for
learning mathematics and science. For TIMSS 2019, Executive Directors Ina Mullis and Michael Martin
and TIMSS Questionnaire Coordinator Martin Hooper (through 2018) led the development process,
which involved updating the questionnaires from 2015, conducting several iterations of review, and a
full-scale field test. Based on the field test results, minor revisions were made to the questionnaires and
final reviews were conducted prior to data collection.

The National Research Coordinators (NRCs) who were designated by the participating countries
to be responsible for implementing TIMSS 2019 played a key role in reviewing the TIMSS 2019 context
questionnaires. They provided feedback and proposed new topics at NRC meetings throughout the
development process, including at the first TIMSS 2019 NRC meeting, as well as the NRC meetings before
the field test and prior to TIMSS 2019 Data Collection.

The TIMSS 2019 Questionnaire Item Review Committee (QIRC) consisted of NRCs with experience
and expertise in education policy analysis and survey development. Members of QIRC made major
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contributions in updating the TIMSS 2019 Context Questionnaire Framework and in modifying and

developing the context questionnaires. This included conducting an online review and attending two
committee meetings—a first meeting prior to the field test and a second meeting prior to data collection.

The members of the TIMSS 2019 QIRC are listed in Exhibit 2.1.

Exhibit 2.1: TIMSS 2019 Questionnaire Item Review Committee (QIRC)

Sue Thomson
Australian Council for Educational Research
(ACER)

Australia

Josef Basl
Czech School Inspectorate
Czech Republic

Heike Wendt

Institute for School Development Research (IFS)
TU Dortmund University

Germany

Laura Palmerio

Istituto Nazionale per la Valutazione del
Sistema Educativo di Istruzione e di Formazione
(INVALSI)

Italy

Kyongah Sang
Center for Global Education
Korea Institute for Curriculum & Evaluation

Korea, Republic of

Martina Meelissen

Department of Research Methodology,
Measurement, and Data Analysis
University of Twente

The Netherlands

Trude Nilsen

Department of Teacher Education and School
Research

ILS, University of Oslo

Norway

Vijay Reddy
Human Sciences Research Council (HSRC)
South Africa

Sean P. “Jack” Buckley
American Institutes for Research

United States

Reviewing the Field Test Results for the TIMSS 2019

Context Questionnaires

The field test is an important step for assessing the quality of the home, school, teacher, and student
questionnaire instruments and measurement scales before data collection. Particularly for newly
developed items, this step in the updating process also gives countries’ an opportunity to ensure the items
are appropriately translated and adapted to their national contexts so that their data are internationally
comparable (see Chapter 5: Instrument Translation and Layout Verification for TIMSS 2019).
Subsequent to conducting the TIMSS 2019 Field Test, the TIMSS & PIRLS International Study
Center analyzed the field test data, consisting of responses from: 1) 66,626 parents or caregivers to the

Home Questionnaire, 2) 2,682 principals to the School Questionnaire, 3) 10,993 teachers to the Teacher
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Questionnaire, and 4) 121,454 students to the Student Questionnaire. The staff at the TIMSS & PIRLS
International Study Center produced data almanacs containing item statistics for each questionnaire
item, including the percentage of students responding to each response option, with the corresponding
average student achievement in mathematics or science, respectively. The staff also prepared context
questionnaire scale summaries to evaluate the suitability of the items for scaling with one parameter item
response theory (Rasch) model. The scales were evaluated for unidimensionality, reliability, and their
relationship with achievement. More information about the TIMSS 2019 context questionnaire scales and
their measurement properties can be found in Chapter 16: Creating and Interpreting the TIMSS 2019

Context Questionnaire Scales.

The TIMSS & PIRLS International Study Center reviewed the field test results and updated the
questionnaires as necessary for the final round of reviews by the TIMSS 2019 QIRC and NRCs. The next
section contains the complete schedule of activities included in the updating process.

Schedule of Activities for Updating the TIMSS 2019 Instruments
for Describing Contexts for Student Learning

Exhibit 2.2 presents the schedule for updating the TIMSS 2019 instruments used to collect information
about students’ home, school, and classroom contexts for learning mathematics and science. The iterative
review process formally began in February 2017 at the 15 TIMSS 2019 NRC meeting and ended with
tinalizing the Curriculum Questionnaire in April 2019.

Exhibit 2.2: TIMSS 2019 Schedule of Activities for Updating Context Questionnaires

Date(s) Group and Activity

NRCs reviewed the TIMSS 2015 context questionnaires, providing ideas for new topics

February 2017 that should be addressed in TIMSS 2019 (15t NRC meeting—Hamburg, Germany)
Februarv—June 2017 TIMSS & PIRLS International Study Center drafted the TIMSS 2019 Context

y Questionnaire Framework incorporating NRC feedback
June—July 2017 The TIMSS 2019 Questionnaire Item Review Committee (QIRC) conducted an online

review of the draft TIMSS 2019 Context Questionnaire Framework

TIMSS & PIRLS International Study Center finalized the TIMSS 2019 Context
July—August 2017 Questionnaire Framework incorporating QIRC feedback and drafted the updated
TIMSS 2019 Field Test Home, School, Teacher, and Student Questionnaires

TIMSS & PIRLS International Study Center published TIMSS 2019 Assessment

August 2017 Frameworks, including the TIMSS 2019 Context Questionnaire Framework

September 2017 QIRC reviewed the draft TIMSS 2019 Field Test Home, School, Teacher, and Student
P Questionnaires (15t QIRC meeting—Hengelo, the Netherlands)

September- 2017 TIMSS & PIRLS International Study Center incorporated the QIRC suggestions into the

November draft TIMSS 2019 Field Test Home, School, Teacher, and Student Questionnaires

TIMSS & PIRLS

% International Study Center
'\‘é IEA Lynch School of Education CHAPTER 2: UPDATING CONTEXT QUESTIONNAIRE INSTRUMENTS

BOSTON COLLEGE METHODS AND PROCEDURES: TIMSS 2019 TECHNICAL REPORT 2.8



http://timssandpirls.bc.edu/timss2019/methods/chapter-16.html
http://timssandpirls.bc.edu/timss2019/methods/chapter-16.html

& IEA

TIMSS

Exhibit 2.2: TIMSS 2019 Schedule of Activities for Updating Context Questionnaires (continued)

Date(s) Group and Activity

NRCs reviewed the draft field test home, school, teacher, and student questionnaires

November 2017 (34 NRC meeting—Melbourne, Australia)
November— 2017 TIMSS & PIRLS International Study Center finalized the field test home, school,
December teacher, and student questionnaires, incorporating suggestions from the NRCs
TIMSS & PIRLS International Study Center provided the TIMSS 2019 field test
December 2017 : . .
questionnaires to the NRCs for translation
March—May 2018 Countries conducted TIMSS 2019 Field Test
April-May 2018 Countries submitted field test data to IEA Hamburg for review
TIMSS & PIRLS International Study Center analyzed the field test data and reviewed
May-June 2018
the results
QIRC reviewed questionnaires together with the field test results and proposed
Jul 2018 revisions to the home, school, teacher, and student questionnaires. QIRC also reviewed
y the draft TIMSS 2019 Curriculum Questionnaire and Encyclopedia chapter outline (2nd
QIRC meeting—Oslo, Norway)
July-August 2018 TIMSS & P!RLS International Study Center incorporated the QIRC suggestions into the
questionnaires
Auqust 2018 NRCs reviewed the proposed TIMSS 2019 Home, School, Teacher, and Student
9 Questionnaires (51" NRC meeting—Stockholm, Sweden)
Auqust 2018 TIMSS & PIRLS International Study Center distributed the TIMSS 2019 Home, School,
9 Teacher, and Student Questionnaires to NRCs for translation and verification
October— 2018 Southern Hemisphere countries conducted TIMSS 2019 Data Collection
December
3 TIMSS & PIRLS International Study Center incorporated the QIRC suggestions into the
January-March 2019 TIMSS 2019 Curriculum Questionnaire and Encyclopedia chapter outline
March 2019 NRCs reviewed the proposed TIMSS 2019 Curriculum Questionnaire and Encyclopedia
chapter outline (6" NRC meeting—Limassol, Cyprus)
March-June 2019 Northern Hemisphere countries conducted TIMSS 2019 Data Collection
April-October 2019 NRCs responded to the online TIMSS 2019 Curriculum Questionnaire
October- NRCs submitted their TIMSS 2019 Encyclopedia chapters to the TIMSS & PIRLS
2019 -
February International Study Center
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CHAPTER 3

Sample Design in TIMSS 2019

Sylvie LaRoche
Marc Joncas
Pierre Foy

Introduction

TIMSS is designed to provide valid and reliable measurement of trends in student achievement in
countries around the world, while keeping to a minimum the burden on schools, teachers, and students.
The TIMSS program employs rigorous school and classroom sampling techniques so that achievement
in the student population as a whole may be estimated accurately by assessing just a sample of students
from a sample of schools. TIMSS assesses mathematics and science achievement at two grade levels and
so TIMSS has two target populations—all students enrolled at the fourth grade and all students enrolled
at the eighth grade, counting from the first year of primary schooling. Countries may assess either one
or both student populations. In addition, at the fourth grade for the TIMSS 2019 cycle, countries for
which the regular fourth grade mathematics assessment is too difficult have the option to administer a
less difficult mathematics assessment, consisting of one third of the items from the regular assessment
and two-thirds less difficult items. Countries availing of the less difficult mathematics option administer
the regular fourth grade science assessment.

TIMSS 2019 marks the beginning of the TIMSS transition to computer based assessment, with
countries having the option of administering the new computer-based version of the 2019 assessment,
known as eTIMSS, or the paper-and-pencil version as in previous assessment cycles (paperTIMSS).
Although the two versions were developed to be as similar in content as possible, inevitably there are some
differences between them as a result of the two modes of administration. In order to control for mode
effects while linking the two versions to the TIMSS achievement scales and to safeguard the measurement
of trends from previous assessments, eTIMSS countries also provide a separate sample of “bridge” data.
The bridge data result from administering the paper version of the trend items (eight blocks of items for
each subject and grade that also were administered in 2015) to a separate, equivalent sample of students
during the main data collection. These paper versions of the trend items are identical in most respects
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to the eTIMSS versions that are administered as part of the main eTIMSS assessment, and so comparing
performance on the eTIMSS versions to performance on the paper versions administered to the bridge
sample provides a bridge between the two assessment modes.

The TIMSS assessments employ a two-stage random sample design, with a sample of schools drawn
as a first stage and one or more intact classes of students selected from each of the sampled schools as a
second stage. Intact classes of students are sampled rather than individuals from across the grade level or of
a certain age because TIMSS pays particular attention to students’ curricular and instructional experiences,
and these typically are organized on a classroom basis. Sampling intact classes also has the operational
advantage of less disruption to the school’s day-to-day business than individual student sampling.

National Sampling Plan

Each country participating in TIMSS needs a plan for defining its national target population and applying
the TIMSS sampling methods to achieve a nationally representative sample of schools and students. The
development and implementation of the national sampling plan is a collaborative exercise involving the
country’s National Research Coordinator (NRC) and TIMSS sampling experts.

Statistics Canada is responsible for advising the National Research Coordinator on all sampling
matters and for ensuring that the national sampling plan conforms to the TIMSS standards. In cooperation
with sampling staff from IEA Hamburg, Statistics Canada works with the NRC to select the national
school sample(s) and produce all supporting documentation for tracking the sampled schools. This
includes ensuring that the school sampling frame (the school population list from which the school
sample is drawn) provided by the NRC is complete and satisfactory; checking that categories of excluded
students are clearly defined, justified, and kept to a minimum; assisting the NRC in determining the
sample size and a stratification plan that will meet both international and national objectives; and drawing
a national sample of schools. When sampling has been completed and all data collected, Statistics Canada
documents population coverage and school and student participation rates and constructs appropriate
sampling weights for use in analyzing and reporting the results.

The TIMSS & PIRLS International Study Center, in cooperation with Statistics Canada and IEA
Hamburg, provides National Research Coordinators with a series of manuals to guide them through the
sampling process. More specifically, TIMSS 2019 Survey Operations Procedures Unit 1: Sampling Schools
and Obtaining their Cooperation describes the steps involved in defining the national target population
and selecting the school sample, and TIMSS 2019 Survey Operations Procedures Unit 3: Contacting Schools
and Sampling Classes for the TIMSS 2019 Data Collection describes the procedure for sampling classes
within the sampled schools and making preparations for conducting the assessments. Within-school
sampling procedures for the field test are documented in TIMSS 2019 Survey Operations Procedures Unit 2:
Preparing for and Conducting the TIMSS 2019 Field Test. More information on the Survey Operations
Units can be found in Chapter 6 of this volume.
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The TIMSS National Research Coordinator is responsible for providing Statistics Canada with all
information and documentation necessary to conduct the national sampling, and for conducting all
sampling operations in the country. In particular, the NRC is expected to identify the grade(s) that
correspond to the international target population(s); create a sampling frame by listing all schools in the
population that have classes with students in the target grade(s); determine national population coverage
and exclusions, in accordance with the TIMSS international guidelines; work with Statistics Canada to
develop a national sampling plan and identify suitable stratification variables, ensuring that these variables
are present and correct for all schools; contact all sampled schools and secure their participation; keep
track of school participation and the use of replacement schools; and conduct all within-school sampling
of classes. As described in this chapter, each NRC is required to complete a series of sampling forms
documenting the completion of each of these tasks.

A crucial feature of each international meeting of National Research Coordinators is a one-to-one
meeting between each NRC and sampling staff at Statistics Canada and IEA Hamburg. At these meetings,
each step of the sampling process is documented and reviewed in detail, and NRCs have the opportunity
to raise issues and ask questions about their national situation and any challenges they face. Statistics
Canada consults with the TIMSS & PIRLS International Study Center and the International Sampling
Referee, as necessary, to resolve issues and questions. Final approval of TIMSS national sampling plans is
the responsibility of the TIMSS & PIRLS International Study Center, based upon the advice of Statistics
Canada and the International Sampling Referee.

Defining the Target Population

As an international study of the comparative effects of education on student achievement in mathematics
and science, TIMSS defines its international target populations in terms of the amount of schooling
students have received. The number of years of formal schooling is the basis of comparison among
participating countries. Thus, the TIMSS international target population at the fourth grade is all
students in their fourth year of formal schooling, and at the eighth grade, all students in their eighth year.
UNESCO’s International Standard Classification of Education (ISCED) 2011 (UNESCO, 2012) provides
an internationally accepted classification scheme for describing levels of schooling across countries. The
ISCED system describes the full range of schooling, from preprimary (Level 0) to the doctoral level (Level
8). ISCED Level 1 corresponds to primary education or the first stage of basic education. The first year of
Level 1 “coincides with the transition point in an education system where systematic teaching and learning
in reading, writing and mathematics begins” (UNESCO, 2012, p. 30). Four years after this would be the
target grade for fourth grade TIMSS and is the fourth grade in most countries. Similarly, eight years after
the first year of ISCED Level 1 is the target grade for eighth grade TIMSS and is the eighth grade in most
countries. However, given the cognitive demands of the assessments, TIMSS wants to avoid assessing
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very young students. Thus, TIMSS recommends assessing the next higher grade (i.e., fifth grade for

fourth grade TIMSS and ninth grade for eighth grade TIMSS) if, for fourth grade students, the average

age at the time of testing would be less than 9.5 years and, for eighth grade students, less than 13.5 years.
The fourth grade and eighth grade target populations of students are defined as follows:

e Fourth grade: All students enrolled in the grade that represents four years of schooling counting
from the first year of ISCED Level 1, providing the mean age at the time of testing is at least 9.5
years

e Eighth grade: All students enrolled in the grade that represents eight years of schooling counting
from the first year of ISCED Level 1, providing the mean age at the time of testing is at least 13.5
years

All students enrolled in the target grade, regardless of their age, belong to the international target
population and should be eligible to participate in TIMSS. Because students are sampled in two stages,
tirst by randomly selecting a school and then randomly selecting a class from within the school, it is
necessary to identify all schools in which eligible students are enrolled. Essentially, eligible schools for
TIMSS are those that have any students enrolled in the target grade, regardless of type of school. All
schools of all educational sub-systems that have students learning full time in the target grade are part
of the international target population, including schools that are not under the authority of the national
Ministry of Education.

National Target Populations

For most countries, the target grade for TIMSS is the fourth and/or eighth grade. However, because
educational systems vary in structure and in policies and practices with regard to age of starting school
and promotion and retention, there are differences across countries in how the target grades are labelled
and in the average age of students. To ensure that the appropriate national target grades are selected, each
NRC completes Sampling Form 1, which identifies the target grades, the country’s name for those grades,
and the average age of students in those grades at the time of data collection. An example of a completed
Sampling Form 1 is presented in Exhibit 3.1.

For a variety of reasons, there are countries where students in the fifth or sixth grade are more
likely to have developed the mathematics and science competencies necessary for success on the TIMSS
fourth grade assessment, or in the ninth grade for the TIMSS eighth grade assessment. Such countries
may choose to participate in TIMSS at either the fifth or sixth grade or in the less difficult mathematics
fourth grade assessment. Similarly, some countries may choose to administer the TIMSS eighth grade
assessment to their ninth grade students.
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Exhibit 3.1: Example of Sampling Form 1

Sampling Form 1 General Information
See Section 2 of TIMSS 2019 Survey Operations Procedures Unit 1

TIMSS 2019 Participant: Country X

National Research Coordinator: Name of NRC

1. Please indicate the assessment(s) in which your country plans to participate along with the target
grade(s), name(s), and expected average age of students at the time of testing:

Grade 4 TIMSS Assessment Yes

Less Difficult
Average Mode Mathematics Item
Target Grade Name of the Target Grade (Paper-TIMSS or .
Age eTIMSS) Blocks Option
(Yes/No)
4 Grade 4 9.7 eTIMSS No
Select Select
Select Select

Grade 8 TIMSS Assessment Yes

Average Mode
Target Grade Name of the Target Grade A eg (Paper-TIMSS or
g eTIMSS)
8 Grade 8 13.7 eTIMSS
Select
Select

2. Specify the usual start and end date(s) of the school year and the expected date(s) of testing for the
field test and data collection.

Start of school year: End of school year: Expected Testing
(DD-MM-YYYY) (DD-MM-YYYY) Period

Field Test 05/09/2017 22/06/2018 16-27 April 2018

Data Collection 01/09/2018 21/06/2019 13-24 April 2019
4. Specify the language(s) in which the assessment(s) will be administered.

English

5. Describe the grade structure through ISCED Level 1 (primary education or the first stage of basic
education) and ISCED Level 2 (basic or lower secondary education) in your country.
Grades 1to 6, Primary schools

Grades 7 to 9, Lower secondary schools

6. Describe the age and birth date rules for entering ISCED Level 1 in your country.
Children must enter school (grade 1) in the autumn ofthe year in which they have their sixth birthday
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National Coverage and Exclusions

TIMSS is designed to describe and summarize student achievement across the entire target grade (fourth
or eighth), and so it is very important that national target populations aim for comprehensive coverage of
eligible students. However, in some cases, political, organizational, or operational factors make complete
national coverage difficult to attain. Thus, in some rare situations, certain groups of schools and students
may have to be excluded from the national target population. For example, it may be that a particular
geographical region, educational sub-system, or language group cannot be covered. Such exclusion of
schools and students from the target population is referred to as reduced population coverage.

Even countries with complete population coverage find it necessary to exclude at least some students
from the target population because they attend very small schools, have intellectual or functional
disabilities, or are non-native language speakers. Such students may be excluded at the school level (i.e.,
the whole school is excluded) or within the school on an individual basis.

School-Level Exclusions. Although it is expected that very few schools will be excluded from the
national target population, NRCs are permitted to exclude schools on the following grounds when they
consider it necessary:

e Inaccessibility due to their geographically remote location
e Extremely small size (e.g., four or fewer students in the target grade)

e Offering a grade structure, or curriculum, radically different from the mainstream educational
system

¢ Providing instruction solely to students in the student-level exclusion categories listed below (e.g.,
catering only to special needs students)

Student-Level Exclusions. The international within-school exclusion rules are specified as follows:

e Students with functional disabilities — These are students who have physical disabilities such that
they cannot perform in the TIMSS testing situation. Students with functional disabilities who are
able to perform should be included in the testing.

e Students with intellectual disabilities — These are students who are considered, in the
professional opinion of the school principal or by other qualified staff members, to have
intellectual disabilities or who have been tested as such. This includes students who are
emotionally or mentally unable to follow even the general instructions of the test. Students should
not be excluded solely because of poor academic performance or normal disciplinary problems.

It should be noted that students with dyslexia, or other such learning disabilities, should be
accommodated in the test situation if possible, rather than excluded.
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e Non-native language speakers — These are students who are unable to read or speak the
language(s) of the test and would be unable to overcome the language barrier in the test situation.
Typically, a student who has received less than one year of instruction in the language(s) of the
test should be excluded.

Because disability criteria vary from country to country, NRCs are asked to translate the TIMSS
international exclusion standards into the local equivalent. Students should be considered for exclusion
strictly in accordance with the international standards. If a sampled school contains a class consisting
entirely of students from one of the exclusion categories, such a class is excluded prior to classroom
sampling.

NRCs understand that exclusion rates must be kept to a minimum so that national samples accurately
represent the national target population. Requirements for exclusion rates include the following:

e The overall number of excluded students must not account for more than 5 percent of the
national target population of students in a country. The overall number includes both school-level
and within-school exclusions.

e The number of students excluded because they attend very small schools must not account for
more than 2 percent of the national target population of students.

To document population coverage and exclusions, each NRC completes Sampling Form 2, which
lists the number of students in the national target population and the number of students excluded at
both the school level and within the school for each population to be assessed. An example of a completed
Sampling Form 2 is presented in Exhibit 3.2.
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Exhibit 3.2: Example of Sampling Form 2

Sampling Form 2 Coverage and Exclusions
See Section 3 of TIMSS 2019 Survey Operations Procedures Unit 1

TIMSS 2019 Participant: Country X

1. This Sampling Form refers to: TIMSS Grade 4 Assessment
_ a
o[
Total enroliment in the target grade: 56,560

2. School-level exclusions (if applicable):

Number of § Number of
Description of exclusions
schools students

1. Students taught in language other than English

2. Special education schools 16 325

3. Very small schools (less than 5 students in grade 4) 40 110

4.

5.

TOTAL:  (Sum ofexclusions - Calculated automatically) [b] 64 1,065

|__schools | _students |

Percentage of school-level exclusions:

(Box[b]+Box[a] x100) [1] LS LR
3. Total enroliment after school-level exclusions: [c] 758 55,495

(Box[c]=Box[a]-Box[b]) Totals and percentages

calculated automatically
4. Within-school exclusions (if applicable):

Number of
Description of exclusions
students

Students with special education needs (based on TIMSS 2015)
2.
3.
TOTAL:  (Sum of exclusions - Calculated automatically) [d]

640

Expected percentage of within-school exclusions:

[2] 0.0% 1.2%
(Box [d] +Box[c] x 100)

5. Expected percentage of reduced coverage and exclusions: 7.8% 3.0%
(Box[1]+(1-Box[1])XBox[2]) Totals and percentages

calculated automatically

6. Total enroliment in the target grade in Number of Number of
. Years
previous school years. schools students
2016/2017 58,451
2015/2016 890 61,489
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Requirements for Sampling the Target Population

TIMSS sets high standards for sampling precision, participation rates, and sample implementation in
order to achieve national samples of the highest quality and survey estimates that are unbiased, accurate
and internationally comparable.

Sampling Precision and Sample Size

Because TIMSS is fundamentally a study of student achievement, the precision of estimates of student
achievement is of primary importance. To meet the TIMSS standards for sampling precision, national
student samples should provide for a standard error no greater than .035 standard deviation units for the
country’s mean achievement. This standard error corresponds to a 95% confidence interval of +7 score
points for the achievement mean and of £10 score points for the difference between achievement means
from successive cycles (e.g., the difference between a country’s achievement mean on TIMSS 2015 and
TIMSS 2019).! Sample estimates of any student-level percentage estimate (e.g., a student background
characteristic) should have a confidence interval of +3.5%.

For most countries, the TIMSS precision requirements are met with a school sample of 150 schools
and a student sample of 4,000 students for each target grade. Depending on the average class size in the
country, one class from each sampled school may be sufficient to achieve the desired student sample
size. For example, if the average class size in a country were 27 students, a single class from each of 150
schools would provide a sample of 4,050 students (assuming full participation by schools and students).
Some countries choose to sample more than one class per school, either to increase the size of the student
sample or to provide a better estimate of school-level effects.

Countries transitioning to eTIMSS require an additional sample of at least 1,500 tested students for
the bridge data collection. This bridge sample is obtained by selecting one additional class from a subset
of the sampled schools, by selecting a distinct sample of schools, or by a combination of both strategies.
The most suitable approach is developed with the sampling experts from Statistics Canada during the
sampling development stage.

A school sample larger than the minimum of 150 schools may be required under the following
circumstances:

e The average class size in a country is so small that, even when sampling more than one classroom
per school, it is not possible to reach the student sample size requirements by selecting only 150
schools.

e Previous cycles of TIMSS showed that the sampling precision requirements cannot be met unless
a larger school sample is selected.

1 The TIMSS achievement scales were established in 1995 based on the combined achievement distribution of all countries that participated in
TIMSS 1995, at each grade level. To provide a point of reference for country comparisons, the scale centerpoint of 500 was located at the mean of
the combined achievement distribution. The scale units were chosen so that 100 scale score points corresponded to the standard deviation of the
distribution. Accordingly, one standard deviation unit is approximately 100 scale score points.
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e Classes within schools are tracked by student performance (more common at eighth grade than
at fourth grade). This increases variation between classes in student achievement and can reduce
sampling precision. In this situation, it is advisable to sample at least two classrooms per school
whenever possible, in addition to sampling more schools.

e A high level of non-response is anticipated, leading to sample attrition and reduced sample size.
Note that while a larger school sample helps to maintain sample size in the face of non-response,
it does not compensate for non-response bias.

Field Test Sample

Although the TIMSS field test is scheduled in the school year before the year of data collection, the
school sample for the field test is drawn at the same time and from the same population of schools as
the full sample. The field test sample size requirement is 200 students per field test achievement booklet,
and so the total field test sample size is a function of the number of achievement booklets being field
tested. For TIMSS 2019, the paperTIMSS field test has five booklets per target grade and so requires a
tield test sample of 1,000 students at each grade. The eTIMSS field test has five item block combinations
(corresponding to the five paperTIMSS booklets) requiring 1,000 students at each grade, and also three
block combinations of Problem Solving and Inquiry tasks (PSIs). Each PSI block appears in two different
item block combinations, so the three block combinations require a further 300 students, for a total field
test sample of 1,300 students.

Participation Rates

To minimize the potential for non-response bias, TIMSS aims for 100 percent participation by sampled
schools, classrooms, and students, while recognizing that some degree of non-participation may be
unavoidable. For a national sample to be fully acceptable it must have either:

e A minimum school participation rate of 85 percent, based on originally sampled schools AND

e A minimum classroom participation rate of 95 percent, from originally sampled schools and
replacement schools AND

¢ A minimum student participation rate of 85 percent, from sampled schools and replacement
schools

OR

e A minimum combined school, classroom, and student participation rate of 75 percent, based
on originally sampled schools (although classroom and student participation rates may include
replacement schools)

Classrooms with less than 50 percent student participation are deemed to be not participating.
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Developing and Implementing the National Sampling Plan

Although National Research Coordinators are responsible for developing and implementing national
sampling plans, Statistics Canada and the IEA Sampling team work closely with NRCs to help ensure
that these sampling plans fully meet the standards set by the TIMSS & PIRLS International Study Center,
while also adapting to national circumstances and requirements. National sampling plans must be based
on the international two-stage sample design (schools as the first stage and classes within schools as the
second stage) and must be approved by Statistics Canada.

TIMSS Stratified Two-Stage Cluster Sample Design

The basic international sample design for TIMSS is a stratified two-stage cluster sample design, as follows:

First Sampling Stage. For the first sampling stage, schools are sampled with probability proportional
to their size (PPS) from the list of all schools in the population that contain eligible students. The schools
in this list (or sampling frame) may be stratified (sorted) according to important demographic variables.
Schools for the field test and data collection are sampled simultaneously using a systematic random
sampling approach. Two replacement schools are also pre-assigned to each sampled school during the
sample selection process, and these replacement schools are held in reserve in case the originally sampled
school refuses to participate. Replacement schools are used solely to compensate for sample size losses in
the event that the originally sampled school does not participate. School sampling is conducted for each
country by Statistics Canada with assistance from the IEA Sampling Team, using the sampling frame
provided by the country’s National Research Coordinator.

Second Sampling Stage. The second sampling stage consists of selecting one (or more) intact class
from the target grade of each participating school. Class sampling in each country is conducted by the
National Research Coordinator using the Within-School Sampling Software (WinW3S) developed by
IEA Hamburg and Statistics Canada. Having secured a sampled school’s agreement to participate in the
assessment, the NRC requests information about the number of classes and teachers in the school and
enters it in the WinW3S database. Classes smaller than a specified minimum size are combined into
pseudo-classes prior to sampling. The software samples one or more classes with equal probability in
each school. All students in each sampled class participate in the assessment. Sampled classes that refuse
to participate may not be replaced.

An additional sampling step is required for eTIMSS countries that require a bridge sample. Students
in the bridge sample are administered a paper version of the trend item blocks, and it is important that
this sample should mirror the main eTIMSS sample as closely as possible. For operational reasons it is
not possible to administer both the eTIMSS assessment and bridge assessment in the same class, so the
bridge sample should consist of an extra class from a school sampled for eTIMSS or from an additional
school. In schools selected for both the eTIMSS and the bridge samples, separate classes are sampled and
randomly assigned to either the eTIMSS or bridge samples using the WinW3S software.
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Stratification

Stratification consists of arranging the schools in the target population into groups, or strata, that share
common characteristics such as geographic region or school type. Examples of stratification variables used
in TIMSS include region of the country (e.g., states or provinces); school type or source of funding (e.g.,
public or private); language of instruction; level of urbanization (e.g., urban or rural area); socioeconomic
indicators; and school performance on national examinations.

In TIMSS, stratification is used to:

e Improve the efficiency of the sample design, thereby making survey estimates more reliable

e Apply different sample designs, such as disproportionate sample allocations, to specific groups of
schools (e.g., those in certain states or provinces)

e Ensure proportional representation of specific groups of schools in the sample

School stratification can take two forms: explicit and implicit. In explicit stratification, a separate
school list or sampling frame is constructed for each stratum and a sample of schools is drawn from that
stratum. In TIMSS, the major reason for considering explicit stratification is disproportionate allocation
of the school sample across strata. For example, in order to produce equally reliable estimates for each
geographic region in a country, explicit stratification by region may be used to ensure the same number
of schools in the sample for each region, regardless of the relative population size of the regions.

Implicit stratification consists of sorting the schools by one or more stratification variables within
each explicit stratum, or within the entire sampling frame if explicit stratification is not used. The
combined use of implicit strata and systematic sampling is a simple and effective way of ensuring a
proportional sample allocation of students across all implicit strata. Implicit stratification also can lead
to improved reliability of achievement estimates when the implicit stratification variables are correlated
with student achievement.

National Research Coordinators consult with Statistics Canada and the IEA Sampling team to
identify the stratification variables to be included in their sampling plans. The school sampling frame is
sorted by the stratification variables prior to sampling schools so that adjacent schools are as similar as
possible. Regardless of any other explicit or implicit variables that may be used, the school size is always
included as an implicit stratification variable.

To document the stratification variables used in their sampling plans, each NRC completes Sampling
Form 3, which lists the variables to be used for explicit and implicit stratification, and the number of
levels of each stratification variable. An example of a completed Sampling Form 3 is presented in Exhibit
3.3. Further details on the explicit and implicit stratification variables for each country can be found in
the Characteristics of National Samples section in Chapter 9: Sampling Implementation.
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Exhibit 3.3: Example of Sampling Form 3

Sampling Form 3 Stratification
See Section 4 of TIMSS 2019 Survey Operations Procedures Unit 1

TIMSS 2019 Participant: Country X

1. This Sampling Form refers to: TIMSS Grade 4 Assessment

Stratification of schools

2. List and describe the variables to be used for stratification in order of importance:

(Please note that the choice of variables used for explicit or implicit stratification will be
discussed during consultations with the TIMSS sampling experts

Stratification Variables

1 School type public, private 2

2 Socioeconomic status high, medium, low 3

Include additional information if necessary:

3. If applicable, describe any additional requirements for sub-national estimates, either for reporting
or analysis purposes (e.g., oversampling of specific groups of the population):

would like to have reliable estimates for students from the private schools
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School Sampling Frame

One of the National Research Coordinator’s most important sampling tasks is the construction of a school
sampling frame for the target population. The sampling frame is a list of all schools in the country that
have students enrolled in the target grade, and is the list from which the school sample is drawn. A well-
constructed sampling frame provides complete coverage of the national target population without being
contaminated by incorrect or duplicate entries or entries that refer to elements that are not part of the
defined target population.

A suitable school measure of size (MOS) is a critical aspect of the national sampling plan, because
the size of a school determines its probability of selection. The most appropriate school measure of size
is an up-to-date count of the number of students in the target grade. If the number of students in the
target grade is not available, total student enrollment in the school may be the best available substitute.

Sampling Form 4, presented in Exhibit 3.4, provides some basic information about the school
sampling frame, including the average class size at the target grade, the number of classrooms to be
sampled per school, the school measure of size (MOS) to be used for school sampling, and the school
year from which the frame was constructed.
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Exhibit 3.4: Example of Sampling Form 4

Sampling Form 4

school MOS.

Not applicable

See Section 5 of TIMSS 2019 Survey Operations Procedures Unit 1

TIMSS 2019 Participant: Country X

1. This Sampling Form refers to:

2. Specify the school measure of size (MOS) to be used.

Click in box and on right arrow to see drop down menu

1. Number of studentsin the target grade (preferred) GR4_STD

If "Other," please describe:

3. Specify the average class size (ACS) for the target grade in your

24
schools.
4. Specify how many classrooms you plan to sample per school.
(Click in box and on right arrow to see drop down menu)
2. More than one classroom in tracked schools
If "Other," please describe:
5. Specify the school year for which enroliment data will be used for the 2017/2018

6. If a frame other than a single-level sampling frame (list of all schools) is to be used, please provide a
preliminary description of the information available to construct this frame.

Classroom Information and Sampling Frame

TIMSS Grade 4 Assessment

Name of the MOS variable
in the school frame:
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The school sampling frame is usually a spreadsheet containing a single entry for each school. This
entry includes a unique identification number and contact information (if appropriate given the country’s
privacy laws), the values of the stratification variables for the school, and the school measure of size. It is
useful if the school entry also includes the number of classes in the school in the target grade because this
provides a mechanism for predicting in advance the size of the eventual student sample. This predicted
sample size may be compared with the eventual student sample size as a check on the sampling process.

Exhibit 3.5 provides an example of a partial sampling frame for a country conducting TIMSS 2019
at the eighth grade. In this example, region and urbanization are used as stratification variables.

Exhibit 3.5: Example of a Partial Sampling Frame

A B c D E F G H | J
aghonl Region Urbgnu— Ginda & | Grado: School Name School Address G ostal Town Tel

1 ID zation |Students | Classes code

2 15104 South Rural 211 g Campbell College Jelly Bean Ave 23 01604 Dinsdale 040/5699
3 [15113 North Rural 176 7 Stromboli High Schoal Barracuda Street5 01611 Lowrie 040 /5666
4 [15115 MNorth Rural 182 7 Central Park School ‘Wales Crescent 45 01600 Kristin 041 /5599
5 [15123 North Urban 104 4 Ohi‘Wan School ‘Wheel Crescent 23 01903 Curtain 040 /5000
6 (15933 North Rural 228 9 Alfred Hitchcock High School |Dennis Street 45 01600 Totilla Plains  [041 /5566
7 (15937 MNorth Utban 186 7 Begonia High School Morning Street 125 01614 Peacew 040 /5644
8 15940 MNorth Urban 153 B Calmar High School Casey Crescent 1 01905 Waltington 040 /5633
9 [15942 MNorth Urban 169 7 ‘Western High School Travis Ave 54 01905 Waltington 040 /5644
10 (15944 MNorth Urban 8 1 Manhattan College Launcaster Street 63 01614 Peacew 040 /5577
11 |15945 South Rural 229 9 Karaoke High School Bean Street 45 01614 Blue Lake 040/5700
12 15946 South Rural 164 7 J. Oliver High Cuisine School |Cambridge Crescent 136 [01905 Cinder 049/5777
I8 15953 South Urban 89 4 Douglas College Douglas Drive 78 01619 Hawn 049/5762
14 15956 South Urban 22 1 Emily Dickinson College Phillip Glass Avenue 23 [01619 Hawn 049 /5645
15 |15958 MNorth Urtban 65 3 Tinsdale College McGywver Crescent 49 01903 Curtain 040/5811
16 |15968 South Urban 34 1 Gualajara District High School |Strong Street 79 01615 Flowerburgh 040/5612
17 |15970 South Urban 188 g Dry Creek School Galloway Street 46 01615 Flowerburgh 040/5295
18 (15974 South Rural 6 1 Eagle College Monday Street 123 01614 Candid 040/5774
19 (15981 South Rural 81 3 St John High School Alec Baldwin Drive 75 01617 Holster 04075511
20 |15983 South Rural 88 4 Kum Ba Yah High School O'Malley Circuit 56 013901 Book Haven 049 /5693
21 115984 South Rural 54 2 La Giocconda College Dodo Bank 45 01616 Kathleen River |049 /5709
22 115985 South Urban 45 2 Lake Titicaca College Collin Benjamin Street 1 [01900 Evans 049 /5622
23 |15986 South Rural 213 9 Paul Bunyan High School Heidelberg Street 100 01905 Charpwood 049 /5767
24 |15988 South Rural 290 12 Lynn High School Good Street 45 01601 Heintz 049 /5639
Z oot 128 5 Fruit Tree High Schor! “ 01615 Karburetta 049 /5611

Toe 9 E. Corhr=- 7 o Garden Heights Inda *=="

Sampling Schools

Once the school sampling frame is structured to meet all international and national requirements,
Statistics Canada can draw the school sample. If the sampling frame is explicitly stratified, it is necessary
to decide how the school sample is to be allocated among the explicit strata (i.e., the number of schools
to be sampled in each stratum). When this has been decided, a sample of schools is selected within
each explicit stratum using systematic sampling with probabilities proportional to size (PPS). The PPS
technique means that the larger schools, those with more students, have a higher probability of being
sampled than the smaller schools. However, this difference in the selection probabilities of larger and
smaller schools is largely offset at the second stage of sampling by selecting a fixed number of classes
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(usually one or two) with equal probability from the sampled school. Classes in large schools with many
classes at the target grade have a lower probability of selection than classes in smaller schools that have
just one or two classes. A description of the school sampling procedure is provided in Appendix 3A.

Even though the field test is scheduled in the school year before the year of data collection in most
countries, the preferred approach in TIMSS is to select both samples of schools at the same time. This
ensures that both the field test and data collection samples constitute random samples representative of
all schools in the country, and that no school is selected for both samples.?

Replacement Schools. Ideally, all schools sampled for TIMSS should participate in the assessments,
and NRCs work hard to achieve this goal. Nevertheless, it is anticipated that a 100 percent participation
rate may not be possible in all countries. To avoid sample size losses, the sampling plan identifies, a
priori, specific replacement schools for each sampled school. Each originally sampled school has two pre-
assigned replacement schools, usually the school immediately preceding the originally sampled school
on the school sampling frame and the one immediately following it. Replacement schools always belong
to the same explicit stratum as the original but may come from different implicit strata if the school they
are replacing is either the first or last school of an implicit stratum.

The main justification for replacement schools in TIMSS is to ensure adequate sample sizes for
analysis of subpopulation differences. Although the use of replacement schools does not eliminate the
risk of bias due to school nonparticipation, employing implicit stratification and ordering the school
sampling frame by school size increases the chances that a sampled school’s replacements would have
similar characteristics. This approach maintains the desired sample size while restricting replacement
schools to strata where nonresponse occurs. Since the school frame is ordered by school size, replacement
schools also tend to be similar in size to the school they are designated to replace.

NRCs understand that they should make every effort to secure the participation of all of the sampled
schools. Only after all attempts to persuade a sampled school to participate have failed is the use of its
replacement school considered.

Common Adjustments to the TIMSS School Sampling Design

The TIMSS school sample design offers considerable flexibility to countries participating at both
fourth and eighth grades to maximize or minimize the extent to which the same schools are assessed.
Where fourth and eighth grade students attend the same school, some countries find it more efficient
to administer TIMSS at the same school for both grades. In other cases, countries try to ensure that
assessments are spread across schools and therefore prefer that TIMSS at the fourth and eighth grades are
not administered at the same school and/or that TIMSS sampling avoid, when possible, selecting schools
that have recently administered other national and international assessments. To provide flexibility to

2 With approval from the TIMSS & PIRLS international Study Center, the field test and full sample could be selected separately. In such cases an overlap
control procedure is used to minimize the probability of selecting schools for the data collection that already had been sampled for the field test. This
was the case for most eTIMSS countries due to operational constraints.
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meet these requests, Statistics Canada implements modified sampling procedures—the details of which
are described in Appendix 3B.

Sampling Classes

Within each sampled school, all classes with students at the target grade are listed, and one or more intact
classes are selected with equal probability of selection using systematic random sampling. This procedure
is implemented using the WinW3S sampling software. The selection of classes with equal probability,
combined with the PPS sampling method for schools, in general results in a self-weighting student sample.
If the school has multi-grade classes (i.e., the class contains students from more than one grade level),
only students from the target grade are eligible for sampling.

When a country participating in eTIMSS has schools selected for both the eTIMSS and the bridging
assessments, sampled classes within these schools are randomly assigned to one study or the other. This
is done automatically within the WinW3S software.

Because small classes tend to increase the risk of unreliable survey estimates and can lead to
reduced overall student sample size, it is necessary to avoid sampling too many small classes. Based
on consideration of the size distribution of classes and the average class size, a lower class size limit or
minimum class size (MCS) is specified for each country. Prior to sampling classes in a school, any class
smaller than the MCS is combined with another class in the school to form a pseudo-class for sampling
purposes. The procedure for sampling classes within schools is described in more detail in the Survey
Operations Procedures chapter of this volume.

Sampling Weights

National student samples in TIMSS are designed to accurately represent the target populations within
a specified margin of sampling error, as described previously. After the data have been collected and
processed, sample statistics such as means and percentages that describe student characteristics are
computed as weighted estimates of the corresponding population parameters, where the weighting factor
is the sampling weight. A students sampling weight is essentially the inverse of the student’s probability of
selection, with appropriate adjustments for nonresponse. In principle, the stratified two-stage sampling
procedure used in TIMSS, where schools are sampled with probability proportional to school size and
classes are sampled with probability inversely proportional to school size, provides student samples with
equal selection probabilities. However, in practice, disproportionate sampling across explicit strata by
varying the number of classes selected and differential patterns of nonresponse can result in varying
selection probabilities, requiring a unique sampling weight for the students in each participating class
in the study.
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The student sampling weight in TIMSS is a combination of weighting components reflecting
selection probabilities and sampling outcomes at three levels—school, class, and student. At each level,
the weighting component consists of a basic weight that is the inverse of the probability of selection at that
level, together with an adjustment for nonparticipation. The overall sampling weight for each student is
the product of the three weighting components: school, class (within school), and student (within class).

Usually in TIMSS a country has only one set of sampling weights per target population (fourth and/
or eighth grade). However, because of the introduction of the Problem Solving and Inquiry (PSI) tasks into
the eTIMSS 2019 booklet rotation, eTIMSS countries have one set of sampling weights only for students
who were assigned regular eTIMSS booklets, and a second set for all students, including those assigned
PSI booklets. The first set of weights is computed in the same way for both eTIMSS and paperTIMSS
countries (since the paperTIMSS countries do not use the PSI booklets) and is used for most analytic
and reporting purposes in TIMSS 2019. Where necessary, these are referred to as the “TIMSS weights”
to distinguish them from the second set, or “TIMSS+PSI weights.”

In addition to the weights described above, countries with bridge data have a further set of weights
exclusively for the bridge sample. Further details on the special weight adjustments for eTIMSS and the

bridge data may be found in Chapter 9: Sampling Implementation. Regardless of whether they pertain
to the regular booklet sample, the regular and PSI booklet sample, or the bridge sample, the procedure
for calculating weights and nonparticipation adjustments remains the same.

School Weighting Component

Given that schools in TIMSS are sampled with probability proportional to school size, the basic school
weight for the i sampled school (i.e., the inverse of the probability of the i school being sampled) is
defined as:

BW' = (3.1)

ith

where 7 is the number of sampled schools, m; is the measure of size for the i™* school, and

M=Sm (3.2)
i=1

where N is the total number of schools in the explicit stratum.*
School Nonparticipation Adjustment. If a sampled school does not participate in TIMSS and its
two designated replacement schools do not participate, it is necessary to adjust the basic school weight to

3 For countries such as the Russian Federation that include a preliminary sampling stage, the basic school weight also incorporates the probability of
selection in this preliminary stage. The basic school weight in such cases is the product of the preliminary stage weight and the school weight.

4 In schools selected for both the eTIMSS and the bridge samples, sampled classes are randomly assigned to either the eTIMSS or the bridge samples
using the WinW38S software. If such a school has only one class, WinW3S randomly assigns the class to one of the samples (eTIMSS or bridge). In such
cases, an adjustment is applied to the school weight in the corresponding explicit stratum of the non-selected sample.
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compensate for the reduction in sample size. The school-level nonparticipation adjustment is calculated

separately for each explicit stratum, as follows:
A = n+n,+n,+n,

sc
n+n,+n,

(3.3)

where 7 is the number of originally sampled schools that participated, n,; and #,, the number of first
and second replacement schools, respectively, that participated, and n,, is the number of schools that
did not participate. Sampled schools that are found to be ineligible® are not included in the calculation
of this adjustment.

Combining the basic school weight and the school nonparticipation adjustment, the final school
weighting component for the i school becomes:

FW,= A, BW, (34

It should be noted that, as well as being a crucial component of the overall student weight, the final
school weighting component is a sampling weight in its own right, and can be used in analyses where
the school is the unit of analysis.

Class Weighting Component

The class weighting component reflects the class-within-school selection probability. After a school has
been sampled and has agreed to participate in TIMSS, one or more classes are sampled with equal
probability from the list of all classes in the school at the target grade. Because larger schools have more
classes from which to sample than smaller schools, the probability of class selection varies with school
size, with students in small schools more likely to have their class selected than students in large schools.
This relatively greater selection probability for students in small schools offsets their lower selection
probability at the first stage, where probability-proportional-to-size school sampling results in higher
selection probabilities for larger schools.

The basic class-within-school weight for a sampled class is the inverse of the probability of the class
being selected from all of the classes in its school. For the i sampled school, let C' be the total number
of eligible classes and ¢’ the number of sampled classes. Using equal probability sampling, the basic class
weight for all sampled classes in the i* school is:

BW, = < (3.5)

i

c

For most TIMSS participants, ¢’ takes the values 1 or 2.

5 A sampled school is ineligible if it is found to contain no eligible students (i.e., no students in the target grade). Such schools usually are in the sampling
frame by mistake or are schools that recently have closed.
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Class Nonparticipation Adjustment. Basic class weights are calculated for all sampled classes in the
sampled and replacement schools that participate in TIMSS. A class-level nonparticipation adjustment is
applied to compensate for classes that do not participate or where the student participation rate is below
50 percent.® Such sampled classes are assigned a weight of zero. Class nonparticipation adjustments
are applied at the explicit stratum level rather than at the school level to minimize the risk of bias. The

adjustment is calculated as follows:
s+rl+r2

!
— i
cl s+rl+r2

2 §/c

(3.6)

where ¢’ is the number of sampled classes in the ith school, as defined earlier, and 6; gives the number of
participating classes in the i school.

Combining the basic class weight and the class nonparticipation adjustment, the final class weighting
component, assigned to all sampled classes in the i school, becomes:

FWli’j: A BWzi (3.7)

Student Weighting Component

The student weighting component represents the student-within-class selection probability. The basic
student weight is the inverse of the probability of a student in a sampled class being selected.

In the typical TIMSS situation where intact classes are sampled, all students in the class are included,
and so this probability is unity. However, under certain circumstances, students may be sampled within
the class, and in this situation the probability is less than unity.

It should be noted that within-class student sampling is in effect when calculating the weights for
the regular eTIMSS booklets for eTIMSS countries (the “TIMSS weight”). In this situation, students who
were assigned a regular eTIMSS booklet are considered as being selected while students who received a
PSI booklet are considered as not selected.

For an intact class with no student subsampling, the basic student weight for the j class in the it
school is computed as follows:

BW"”=1.0 (3.8)

stl

6 When calculating the weights for the sample with regular TIMSS booklets only (without the PSI booklets), the nonparticipation criterion of below 50%
is based on the full class, including the PSI booklets. Therefore, if 50% or more students from a class participated, regardless of the type of booklet
received, the class is considered as participating when calculating the weights for the regular booklets only sample (the “TIMSS weight”).
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For classes with student subsampling, the basic student weight for the j class in the ih school is:

i,f ij
BWI',]' _ nrg + My
st2 i,j

n;

(3.9)

Where 1 ;gj is the number of students in the j class of the i school selected to participate in TIMSS and
n,’ is the number of students in the class not selected.

Calculating the eTIMSS weights for the regular booklet sample (the “TIMSS weight”) involves
student subsampling as described above, but with the added complication that the participation status is
known for all the students in each sampled class. In this case, the basic student weight for the j* class in
the i school for this set of weights is given by:

1 for students who left school or were excluded,

Lj _ ij ij
BM]SB - nrg’+ Mg .
—— for all other students who received a regular eTIMSS booklet
n.,
g

(3.10)

hj
rg’
regular eTTMSS booklet and the number of students in the j class of the it school who received a PSI

where, 1, and n;sj represent the number of students in the j class of the i" school who received a
booklet respectively, without counting students who either were excluded or left school after the class
listing was completed.
Adjustment for Non-Participation. The student nonparticipation adjustment for the j classroom
in the i school is calculated as:
iy b
Ab =AY = AP = St Sur

stl st2 st3

7 (3.11)

rs

where s*/ is the number of participating students in the j class of the i school and s/ is the number
of students sampled in this class who were expected to have assessment scores but did not participate
in the assessment. For intact classes, the sum of s~/ and s’/ is the total number of students listed in the
class, not counting excluded students or students who have left the school since class list was published.
When calculating the “TIMSS weight” for e TIMSS countries (without the PSI booklets), the sum of s*/
and s*/ is the total number of students who received a regular e TIMSS booklet in the class, not counting
excluded students or students who have left the school since class list was published
The final student weighting component for students in the j classroom of the i school is:

FW,’'=A",-BW,; (3.12)
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where A equals 1 when there was no student subsampling (intact classes), 2 when a sample of students
was drawn from the students in the class, and 3 when calculating the set of eTIMSS weights for only
regular eTIMSS booklets.

Overall Student Sampling Weight. The overall student sampling weight is the product of the final
weighting components for schools, classes, and students, as follows:

WY =FW'-FW’ - Fw (3.13)

Opverall student sampling weights are only attributed to participating students, with non-participants
weighted at 0. All student data reported in the TIMSS international reports are weighted by the overall
student sampling weight, known as TOTWGT in the TIMSS international databases.

Participation Rates

Because nonparticipation can result in sample bias and misleading results, it is important that the schools,
classes, and students that are sampled to participate in TIMSS actually take part in the assessments. To
show the level of sampling participation in each country, TIMSS calculates both unweighted participation
rates (i.e., based on simple counts of schools, classes, and students) and weighted participation rates based
on the sampling weights described in the previous section. Unweighted participation rates provide a
preliminary indicator that may be used to monitor progress in securing the participation of schools and
classes, whereas weighted participation rates are the ultimate measure of sampling participation.

TIMSS reports weighted and unweighted participation rates for schools, classes, and students, as
well as overall participation rates that are a combination of all three. To distinguish between participation
based solely on originally sampled schools and participation that also relies on replacement schools,
school and overall participation rates are computed separately for originally sampled schools only and
for originally sampled together with replacement schools.

Unweighted School Participation Rate

The unweighted school participation rate is the ratio of the number of participating schools to the number
of originally sampled schools, excluding any sampled schools found to be ineligible. A school is considered
to be a participating school if at least one of its sampled classes has a student participation rate of at least
50 percent. The two unweighted school participation rates are calculated as follows:

R, = unweighted school participation rate for originally sampled schools only

R, = unweighted school participation rate, including originally sampled and first and second
replacement schools
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_ n
e s (3.14)
n+n,+n,+n,

unw

RSC"’ _ ns + nrl + nr2

= (3.15)
e n+n,+n,+n,,

Unweighted Class Participation Rate

The unweighted class participation rate is the ratio of the number of sampled classes that participated to
the number of classes sampled, as follows:

s+ri+r2
,_Xe
R =i (3.16)

unw  s+rl+r2

2
i

where ¢’ is the number of sampled classes in the it" school, and ¢! is the number of participating classes
in the i school. Both summations are across all participating schools.

Unweighted Student Participation Rate

The unweighted student participation rate is the ratio of the number of selected students that participated
in TIMSS to the total number of selected students that should have been assessed in the participating
schools and classes. Classes where less than 50 percent of the students participate are considered to be not
participating, and so students in such classes also are considered to be nonparticipants.” The unweighted
student participation rate is computed as follows:

s
Rst i

— L]
unw ij ij
Z S T z Sur
i, i

(3.17)

Overall Unweighted Participation Rate

The overall unweighted participation rate is the product of the unweighted school, class, and student
participation rates. Because TIMSS computes two versions of the unweighted school participation rate,
one based on originally sampled schools only and the other including replacements as well as originally
sampled schools, there also are two overall unweighted participation rates:

R, = unweighted overall participation rate for originally sampled schools only

7 When calculating the “TIMSS weights” for eTIMSS countries (no PSI booklets), this 50% criteria is applied to all students regardless of the booklet they
received.
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R, = unweighted overall participation rate, including originally sampled and first and second

replacement schools

Runw = Runw ) Runw ’ Runw (318)
ov—r sc—r cl st
Runw = Runw ) Runw ) Runw (319)

Weighted School Participation Rate

The weighted school participation rate is the ratio of two estimates of the size of the target student
population. The numerator is derived from the measure of size of those sampled schools that participated
in TIMSS and the denominator is the weighted estimate of the total student enrollment in the population.
Weighted school participation rates are computed for originally sampled schools and for originally
sampled and replacement schools combined, as follows:

Rivct; = weighted school participation rate for originally sampled schools only
R.." = weighted school participation rate, including originally sampled and first and second replacement
schools

> BW! FW/FW,’
b

sc-s
thd = s+rl+r2 ) . o (320)
>, FW. -FW,"FW,”
j
s+rl+r2 ; i i
> BW.-FW;’-FW,”
se-r i,j
thd T sHrl+r2 (3.21)

S FW.FW,-FW,
L
Summations in both the numerator and denominator are over all responding students and include
appropriate class and student sampling weights. Note that the basic school weight appears in the
numerator, whereas the final school weight appears in the denominator.
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Weighted Class Participation Rate

The weighted class participation rate is computed as follows:

s+rl+r2

> BW, BW,-FW,"
i

Rcl

wtd — s+rl+r2

Y, BW,-FW,-FW,’
L]

(3.22)

where both the numerator and denominator are summations over all responding students from classes
with at least 50 percent of their students participating in the study, and the appropriate student-level
sampling weights are used. In this formula, the basic class weight appears in the numerator, whereas the
final class weight appears in the denominator. The denominator in this formula is the same quantity that
appears in the numerator of the weighted school participation rate for all schools, whether originally
sampled or replacement.

Weighted Student Participation Rate

The weighted student participation rate is computed as follows:

s+rl+r2

> BW.-BW,"-BW,”
ij

Rst

wtd ~ s+rl+r2

Y, BW,-BW-FW,’
LJ

(3.23)

where both the numerator and denominator are summations over all responding students from
participating schools. In this formula, the basic student weight appears in the numerator, whereas the final
student weight appears in the denominator. Also, the denominator in this formula is the same quantity
that appears in the numerator of the weighted class participation rate for all participating schools, whether
originally sampled or replacement.

Overall Weighted Participation Rate

The overall weighted participation rate is the product of the weighted school, class, and student
participation rates. Because there are two versions of the weighted school participation rate, one based
on originally sampled schools only and the other including replacement as well as originally sampled
schools, there also are two overall weighted participation rates:

ROV7

wtd ‘= weighted overall participation rate for originally sampled schools only

ov—r

wa = weighted overall participation rate, including sampled, first and second replacement schools

R
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sc—s cl st

wtd thd ’ thd (324)
sc—r cl st
wtd thd ) thd (325)

Weighted school, class, student, and overall participation rates are computed for each TIMSS

participant using these procedures.
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Appendix 3A: Sampling Schools

TIMSS employs random-start fixed-interval systematic sampling to draw the school sample, with each
school selected with probability proportional to its size (PPS).

To sample schools using the PPS systematic sampling method, the schools from each explicit stratum
in the sampling frame are sorted by implicit stratification variables and by their measure of size (MOS),
as shown in the example in Exhibit 3.6. The MOS is accumulated from school to school and the running
total (the Cumulative MOS) is listed next to each school. The cumulative MOS across the entire stratum
(the Total MOS) is a measure of the size of the school population in the stratum (59,614 students in the
example).

First Step: Compute the Sampling Interval

Dividing the Total MOS by the number of schools required for the sample (50 in the example) gives the
sampling interval.

e 59,614 + 50 =1,192.2800

Second Step: Generate a Random Start

Generate a random number from a uniform (0,1) distribution and multiply it by the sampling interval.
The school whose cumulative MOS contains the resulting number is the first school in the sample.

e (0.5481 x 1,192.2800 = 653.4887
e School 1718, with cumulative MOS of 690, is the first school in the sample.

Third Step: Identify the Next School in the Sample (repeat until all schools have been
sampled)

e Add the sampling interval to the number computed in the previous step.

® 653.4887 + 1,192.2800 = 1,845.7687

e School 0067, with cumulative MOS of 1,855, is the second school in the sample.

e Repeat until all schools have been sampled. For example, to identify the third school:
e 1,845.7687 + 1,192.2800 = 3,038.0487

e School 0333, with cumulative MOS of 3,038, is the third school in the sample.
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Fourth Step: Identify Replacement Schools

Two replacement schools are identified for each sampled school. The first replacement (R1) is the school

that immediately follows the sampled school in the sampling frame, and the second replacement (R2)

the school that immediately precedes the sampled school.

Exhibit 3.6: Example of PPS Systematic Sampling—Schools

Sampling Parameters

Total Number of

Schools: 219
Total Measure of Size: 59,614
School Sample Size: 50
Sampling Interval: 1,192.2800
Random Start: 653.4887

Compute the Sampling Interval:
59,6914 + 50 = 1,192.2800

Second Step

Generate a random start:
0.5481 x 1,192.2800 = 653.4887

Third Step
(repeat until complete)

Compute the next selection
numbers:

653.4887 + 1,192.2800 =
1,845.7687

1,845.7687 + 1,192.2800 =
3,038.0487

Fourth Step

Identify Replacement Schools
(R1, R2)

TIMSS & PIRLS
IEA International Study Center

Lynch School of Education
BOSTON COLLEGE

School Cumulative | Sampled
Identifier MOS Schools
110

0829 110
0552 101 211

1802 98 309

1288 98 407

2043 95 502

0974 94 596 R2
1718 94 —( 690 ) v
1807 93 785 R1
0457 93 876

0244 93 969

1817 91 1,060

1741 90 1,150

1652 89 1,239

0121 89 1,328

0309 89 1,417

0032 89 1,506

0021 89 1,595

0609 88 1,683

0399 86 1,769 R2
0067 86 —( 1,855 ) v
0202 86 T4 R1
0063 86 2,027

1467 86 2,113

1381 86 2,199

1043 84 2,283

1318 84 2,367

0659 84 2,451

0612 83 2,534

1696 82 2,616

0867 82 2,698

0537 81 2,779

1794 80 2,859

0695 80 2,939

0031 80 3.019 R2
0333 79 (3,008 ) v
0051 79 377 R1
0384 79 3,256

1361 79 3,335

1189 79 3,414

0731 78 3,492

0634 78 3,570

1230 77 3,647
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Appendix 3B: School Sampling Design Options to Accommodate
Other Samples

TIMSS provides optional modifications to its sampling design for countries that want to maximize or
minimize sampling overlap between schools sampled by TIMSS at the fourth and eighth grades as well
as for countries that want to minimize overlap between schools sampled for TIMSS and schools sampled
for other national or international assessments.

To provide options for countries in designing their school samples, Statistics Canada implements
two special sampling procedures. Method A is applied when data collection occurs simultaneously for
two or more populations (as is the case in 2019 with TIMSS at fourth grade and eighth grade) and the
country wants to control the overlap between the schools. Method B is used primarily to ensure that the
TIMSS samples avoid schools sampled for other studies, and also used when Method A is not appropriate.

Sampling Method A: Sampling Modifications for Simultaneous Data Collection

This procedure stratifies the school population according to whether schools contain students from both
populations to be sampled (fourth and eighth grades, for example), or students from one population only
(fourth grade only or eighth grade only) as a way of controlling sample overlap. Each school is assigned
a measure of size (MOS) based on the number of students in the two populations combined (i.e., fourth
grade and eighth grade combined). Schools are sampled according to the sampling design described in
this chapter. When selecting schools from strata comprising students from both populations, a country
can choose to maximize or minimize the number of schools to be sampled at each grade level.

The example below in Exhibit 3.7 shows a hypothetical country participating in TIMSS at both grades.
For reasons of administrative efficiency, the country wants to maximize the overlap between the fourth
and eighth grade school samples. The 8,805 schools from the combined school frames (fourth and eighth
grades) were first split in three strata and then a school sample of 164 was drawn as shown in the exhibit.

Exhibit 3.7: Example of Method A - Allocation of School Samples in a Country Participating at
Two Grade Levels

overian Strat Total Allocation
verlap Strata
Sampled Schools | 1, 1SS Grade4 | To TIMSS Grade 8

Grade 4 only 14 0
Grade 8 only 14 0 14
Grade 4 & Grade 8 136 136 136
Total 164 150 150
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Choosing as many schools as possible from the Grade 4 & Grade 8 stratum resulted in a sample of
150 schools (136+14) for each grade level, from a total of 164 sampled schools. In this case, both studies
were administered in the 136 schools selected from the Grade 4 & Grade 8 stratum.

This sampling technique was most often used for TIMSS countries and benchmarking participants
that had schools with students in both fourth and eighth grade populations, where there was a strong
correlation between the measure of size at both grades across these schools, and when school samples
could be drawn at the same time.

Sampling Method B: Sampling Modifications for Sequential Data Collection

Method B was used to minimize overlap with another study such as a national study that also samples
schools, and was also used when Method A was not appropriate (e.g., low correlation between MOS for
fourth grade and eighth grade, samples not drawn simultaneously). In Method B, schools were sampled
using a technique described in Chowdhury, Chu, and Kaufman (2000). As explained by the authors, the
method can be used to either minimize or maximize overlap amongst several samples. This method is
illustrated below with an example where the aim was to minimize the overlap between a current sample
of schools S, and a previously selected school sample S;. (For a complete description of the method,
readers are referred to the original paper).

Let RL (Response Load) be the number of times a school was sampled from previous samples. In
this example, given that there is only one previous sample, RL takes the value 1 if the school was already
selected and 0 otherwise.

Given that the RL variable splits the current school frame in two distinct subsets of schools, S; where
RL=1 and S; where RL=0, we have the following relation:

P(S,) = P(8,]S))-P(S,) + P(S,]S) -P(S,) (3.26)

where P,(S)) gives the probability that school i be selected in the sample (S,), and PZ.(Sj|Sk) gives the
probability that school i be selected in sample (Sj) given that school i already belongs to (S,). The idea
here is to derive the conditional probabilities in such a way that the unconditional probability of selecting
a school in the current sample, P,(S,), be equal to the expected probability (as defined by the TIMSS
sample design).

Note that the first term after the equal sign in equation (3.26) is related to cases where the school
response load is 1, while the last term is related to cases where the school response load is 0. Therefore,
minimizing the sample overlap is equivalent to zeroing the first term. In such case, equation (3.26)
becomes:
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Pi(Sz) =0 P;(S1) + P1(82|§1) Pl(§1) (3.27)

and consequently,

Pz‘(szlgl) = R(Sz)/Pi(§1) (3.28)

In other words, in the current sample S,, schools would be selected with the following conditional
probabilities:

0 if school i was already selected in the first sample, (3.29)

PI(SZ)/PI(E) otherwise

However, equation (3.26) no longer holds if expression P,(S,) / P,(gl) is greater than 1. This can be
avoided by setting 1 as an upper bound. We now have the following expression:

P(S,) = P(S,|S)) -P(S,) + 1-P(S)) (3.30)

and consequently
P(S,) - P(S))

ps) LSS

(3.31)

Combining these two results, the conditional probabilities to use when selecting the current sample
of schools are given by:

Pi(SZ) - Pz(§1) . . . .
Max |0, if school i was already selected in the first sample,
| P(S,) (3.32)
[ P(S
Min 1(_2) , 1 otherwise
| P(S)

Note that maximizing rather than minimizing the overlap between two studies can be done by
simply zeroing the last term of equation (3.26) rather than zeroing the first term, and following the above
logic to get the conditional probabilities. The Chowdhury et al. (2000) method can be generalized to more
than two samples as described in their paper.

Further details about the implementation of this method for the countries and benchmark
participants can be found in the Sample Implementation chapter.
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CHAPTER 4

eAssessment System for TIMSS 2019

Mark Cockle
Heiko Sibberns

Introduction

As described in Chapter 1 of this volume, TIMSS 2019 marked the beginning of the transition to
eTIMSS—the digital version of TIMSS designed for computer- and tablet-based administration. eTIMSS
offered an engaging, interactive, and visually attractive assessment that enabled TIMSS 2019 to better
assess complex areas of the mathematics and science frameworks and increase operational efficiency in
translation, assessment delivery, data entry, and scoring. Although the aim is to switch completely to the
new digital mode in future assessment cycles, in recognition of the different levels of preparation and
infrastructure, countries had the option in 2019 of choosing either eTIMSS or paperTIMSS.

In addition to the overarching requirements for a computer-based system that could produce
attractive and engaging assessment items while being reliable, flexible, and easy to use, there were a
number of other conditions that had to be taken into account in choosing the system:

e The assessment should be capable of operating on tablets as well as on personal computers.

e Assessment delivery should be via USB memory sticks or through a local server approach
whereby the assessment software is installed on a local server that can be accessed by a
small number of clients (no more than 30). Full internet-based administration was not a
requirement for the TIMSS 2019 assessment cycle.

e Because about half the countries were administering the paperTIMSS version, it was
important that items developed in the eAssessment system be as similar as possible to their
corresponding paper versions, while capitalizing on interactive computer-based features such
as drag-and-drop, multi-select, and drop-down menus.

e Beyond the utilization of features just mentioned in developing individual items, the system
should also accommodate more extended Problem Solving and Inquiry Tasks (PSIs) designed
to simulate real world or laboratory situations in which students could integrate and apply
process skills and content knowledge to solve mathematics problems or conduct virtual
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scientific experiments and investigations. These tasks would be tailor-made and not have any
counterparts in the paperTIMSS assessment.

Great emphasis also was placed on clarity and ease of use of the student interface, which was
to be kept as simple as possible. This meant, for example, that only those tools such as rulers
or calculators that were necessary for processing a specific task were available.

Since the TIMSS assessment has to be translated and adapted to the needs of each country
and language while retaining the same user experience, it was important that the system
incorporate a preview functionality for checking that the assessment content appears in
exactly the way it is intended for the assessment situation.

To meet all of the design requirements and constraints and to adequately take into account the

workflow that has been optimized by TIMSS during the last 20 years, it was decided to develop the

eTIMSS computer-based assessment system in-house instead of using an existing commercial system

or having it developed by an external company. Accordingly, the eTIMSS “eAssessment system” was
designed and implemented by the software team at IEA Hamburg, with input from the TIMSS & PIRLS
International Study Center on the user experience/user interface and from IEA Amsterdam on translation

issues.

The TIMSS 2019 eAssessment system consisted of a number of integrated software and application

modules as follows:

The Designer is an item authoring system used by the TIMSS & PIRLS International Study
Center to develop the eTIMSS achievement items

The Assembler was used to group items into item blocks and item blocks into student “item
block combinations” (student booklet equivalents)

The Translation System was used by National Research Coordinators (NRCs) from each
country and benchmarking participant to translate the items into their language(s) of
instruction and by IEA Amsterdam and the TIMSS & PIRLS International Study Center for
translation and layout verification, respectively

The assessment Player was used to administer the eTIMSS assessment—present the items on
tablet or computer, record students’ responses, and upload the data to the IEA servers

The Data Monitor was used by NRCs and test administrators to check the status of uploaded
material and progress of the data collection

The Scoring System was used by NRCs and their scoring staff to review students’ written
responses to constructed-response items and score them according to the eTIMSS scoring
guides.
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Design and Architecture of the eTIMSS Modules

In considering the description of the TIMSS eAssessment system it is helpful to differentiate among
three distinct subsystems: 1) the production system for creating assessment content (the Designer, the
Assembler, and the Translation System); 2) the delivery system for administering the test in the test
session (the assessment Player); and 3) the retrieval and processing system, for upload of the test data to
the IEA servers, scoring, and further data processing.

The following is an overview of the various system components and their interaction.

Designer

The designer was used by staff at the TIMSS & PIRLS International Study Center to create the digital
versions of the standard (non-PSI) items. Exhibit 4.1 shows part of the screen used for the creation of
items. In this example, the item includes three separate elements: a Scalable Vector Graphic (SVG) image,
a multiple-choice option, and a constructed response field. On the left is a column for item properties,
including, amongst other information, the item ID number, testing grade, testing subject, and content
domain assessed by the item. These were used for the selection and identification of the item later in the
process of assembly and booklet creation, as well as within the Player.
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Exhibit 4.1: eAssessment Designer Input Screen for Example Item

Unique ID ~  STEM [+Add Component ] E]l X Delete
SE72451 o

Grade The diagram shows a collection of fossils visible in the side of a rocky cliff.

Subject

Science v

Respondent Level

Student v
Developed . . .
Which layer of rock contains the oldest fossils?
TIM352018 b & MULTIPLE CHOICE
Content Domain (Click one box.)
C] Layer A
Biology v

C] Layer B
Topic Area D Layer C

Diversity, Adaptation. and Natu. v C] Layer D

Topic/Objective i
Explain your answer.

2A CONSTRUCTED RESPONSE

Cognitive Domain

Reasoning v

Cognitive Area

Draw Conclusions v

The objective in developing the Designer was to create an item authoring system that encompassed
existing TIMSS paper item formats (multiple-choice, constructed response etc.), including the stem text,
images and so on, but also new item types unique to the electronic environment. These included drop-
down menus, drag & drop, selection (boxes or images), and sorting (boxes or images) item types (see
TIMSS 2019 Item Writing Guidelines). To accommodate items where the student had to draw shapes or

lines, a line-drawing grid also was introduced.
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The Designer included various features that could be used by item developers in creating or
customizing items, which was particularly important when dealing with trend items where a close match
between the electronic item and the paper version was required. For example, the application of labels to
images could be made above, below, or to the left or right of an image, or tables could be inserted with
invisible lines in order to place objects within columns to obtain a more precise layout.

To accommodate items that included images with overlaid text, which are very common in TIMSS,
an SVG feature was introduced. This provided great versatility in working with images such as line or
bar charts that had overlaid text (e.g., axes labels) that later had to be translated.

It should be noted that the extended Problem Solving and Inquiry Tasks (PSIs) were substantially
more complex and interactive than the standard eTIMSS items, and so were constructed independently
of the Designer and subsequently combined into item block combinations (or eAssessment “booklets”)
by the Assembler.

Assembler

The Assembler module was used by IEA Hamburg and the TIMSS & PIRLS International Study Center
to combine assessment items into blocks, and then item blocks or PSI tasks into item block combinations
along with the assessment directions and eTIMSS questionnaire, in accordance with the TIMSS 2019
matrix-sampling booklet design (see TIMSS 2019 Assessment Design). It was also within this module

that the allocation of the booklet number to the instrument was made. Exhibit 4.2 shows part of the
Assembler window, and illustrates how a completed booklet has been constructed with six elements; on
the left are available blocks that were not included in the construction of this booklet.

Exhibit 4.2: Combining Item Blocks and Directions in an Assembler Window

Available Item Blocks Search Selected Item Blocks
Item Block Acronym Item Block Label Order Item Block Acronym Item Block Label
SE09 TREND_SE09 1 G4_General_Directions G4_General_Directions
MEQS TREND_MEOQS 2 MEQ1 TREND_MEQ1
MEQ6 TREND_MED& B G4_MEO2 NEW_G4_MEQ2

SE03 TREND_SEQ3 4 SEO1 TREND_SEO1
MEO7 TREND_MEOQ7 > 5 G4_SE02 NEW_G4_SE02
ME11 TREND_ME11 < 6 G4_E_Questionnaire G4_E_Questionnaire

0 selected / 38 total 3 0 selected / 6 total
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Once items were assembled into item blocks they could be released country-by-country into the
Translation System, where countries and benchmarking participants could begin translation. Item blocks
could be “released” for translation one by one as they were completed in the Designer. However, all items
in the block had to be complete before the block could be released. If any item in the block was still in
the state “In Progress,” the release was prevented to ensure that only the approved material would be
presented to those using the Translation System. A consequence of this “whole block” approach was that
if a minor change had to be made to an item after the block had been released, the entire block had to
be withdrawn from the released state until such time as the change had been made and the item could
be reassigned to the block.

Translation System

The Translation System was a critical part of the eAssessment system and was used by multiple parties.
These included IEA Amsterdam and IEA Hamburg during the setup, NRCs and translators from the
participating countries, translation verifiers employed by IEA Amsterdam, and layout verifiers from
the TIMSS & PIRLS International Study Center. Although the primary purpose of the system was to
enable translation, verification, and documentation of any deviations from the original international
English source version, the system also enforced the appropriate workflow by a combination of user rights
applicable at different stages of the process leading to the final, approved, translations.

Exhibit 4.3 shows an example of the translation window, where the eTIMSS Questionnaire title has
been translated into German. Note that three fields are displayed—the original English source text in
the top field, the current translation in the bottom field (only this field is directly editable), and a “track
changes” field to show the changes in a color-coded manner. Additional fields could be shown, for
example, to compare a current translation with an earlier version submitted for translation verification.

Exhibit 4.3: Example Translation from the Translation System

qt.page1.pageHeader > a| W&
eTIMSS Questionnaire
eTIMSS-Guestionmaire-Fragebogen Track Changes
eTIMSS-Fragebogen Current Translation
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Exhibit 4.4 shows the translation editor, which enabled making a range of layout and font changes
as well as inserting HTML commands, symbols, or mathematical structures such as fractions.

Exhibit 4.4: Translation System Editor
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= = X, X' | Symbols | <P
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eTIMS5S-Fragebogen

Translators also had the option to export the international source text elements in an XLIFF
format, which could be used in standard translating programs for increased efficiency. This required the
translations to be imported back into the Translation System and formatted for translation verification
and layout verification.

The guiding principle in designing the Translation System was to define a process similar to that
used in translating and verifying paperTIMSS assessment instruments. The process began by releasing a
copy of the international English version of the achievement items into a separate language-specific folder
for each country, followed by a workflow consisting of a series of status indicators indicating the progress
of the translation and verification that were set by the various parties involved in the process. These status
indicators were defined by IEA Hamburg and the TIMSS & PIRLS International Study Center as follows:

e In Translation & Adaptation: The initial, default status following release to the country

e Ready for Translation Verification: After completing translations, all blocks had to be set to
this status when the translated materials were ready for translation verification

¢ In Translation Verification: Set by IEA Amsterdam when translation verification began,
which locked the system for editing during the process

e In NRC Translation Approval: On completion of translation verification, the system was
unlocked to allow the NRC to apply edits based on feedback from the translation verifier

e Ready for Layout Verification: After translation verification was complete and all edits
applied, all blocks were set to this status to submit materials for layout verification

¢ In Layout Verification: Set by the TIMSS & PIRLS International Study Center when layout
verification began, which locked the system for editing during the process

e In NRC Layout Approval: On completion of layout verification, the system was unlocked to
allow further editing by the NRC based on feedback from the TIMSS & PIRLS International
Study Center
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e Instrument Finalized: The final status, assigned by the NRC, indicated that the materials had
completed all verification steps and were ready for assessment Player production.

At each step along the way, comments could be left to document the process. The idea was to mimic
the workflow and fields used in the National Adaptation Forms for the paper version. In the particular
case of translation verification, additional labels were available to indicate specific errors or deviations
found/corrected, including a “severity code” assigned by verifiers to each deviation to assist the NRC in

deciding whether to accept or reject suggestions made by the verifier (see Instrument Translation and
Layout Verification). In general, comments were labeled so as to indicate for whom they were intended.

For example, a layout verifier could leave comments in the system for the attention of the NRC, in which
case the label would have been “Layout.”

A preview feature was available for all users to display items exactly as they would appear within
the final Player. This was especially useful during layout verification, allowing as it did comparison with
a preview of the original (untranslated) source version.

Player

The assessment Player is the software that the student interacts with while taking the eTIMSS assessment.
The Player presents the assessment items to the student and uploads the student response data to IEAs
data servers. After translation and layout verification were successfully completed, a customized version
of the Player was produced for each language of instruction in each country. This sometimes required
last-minute adjustments to the layout by IEA Hamburg before supplying the Player to the countries.

To access the Player, the student or the test administrator entered the login credentials assigned to
that student. These consisted of a unique ID number and password which incorporated a two-digit code
that determined the specific assessment item block combination assigned to each student. After entering
the correct login credentials, the test administrator read aloud a test administration script that instructed
students to enter a four-digit code to begin the test directions introducing students to the various types
of items. After working through the directions, students were instructed to enter another four-digit code
to begin working on the first part of the assessment. Following a short break, a third four-digit code
provided access to the second part of the assessment. Finally, a fourth four-digit code allowed access to
the short eTIMSS questionnaire.

Exhibit 4.5 shows the Player user interface, with an example science item. The students navigated
through the assessment using the green forward/backward arrow buttons or via the navigation bar on the
left side of the screen. The navigation bar records the students’ progress through the assessment, showing
which items have been completed and which have been omitted or not yet attempted. There also is a
timer showing the remaining time.
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Exhibit 4.5: eTIMSS Assessment Player User Interface

0 Tom gir Birk en lukket treboks. To ledninger kommer ut av boksen
som vist under.
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Tom ber Birk finne ut hva som er inne i boksen uten & apne den.

Birk kopler en lyspaere og et batteri til ledningene som vist under, og
lyspaeren lyser.
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The software development criteria for the Player encompassed multiple, sometimes competing

5051180

@ @ B3 Deutsch (Deutschland)

elements. The key elements were speed of operation, security, and consistency of user experience.

Speed of Operation
Several design factors were involved in producing a Player that responded smoothly and produced the
minimum delay when navigating between items:

e The content (directions and items) to be displayed to the student was preloaded directly after
the login screen, so that only response storage processes took place during the test session

e The Player database was mirrored in memory for faster performance

e The format of the data saved was as parsimonious as possible to maximize performance when
saving and uploading data.
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Security
To ensure the security of the student data and test items:

e The Player was configured to run within a "sandbox”—a virtual space in which software can
be run securely-to isolate the Player in a restricted memory range

e Contents of the sandbox were automatically deleted after the testing session.

Consistency of User Experience
To ensure the Player operated the same way for all countries and languages:

e The Player exhibited a close to identical display on Firefox or Chrome browsers or with either
the Android or USB Players

e Country- and language-specific CSS files were available to make final layout and font
adjustments

e Right-to-left languages had automatically reversed layout, with the ability to revert individual
elements back to left-to-right format.

The Player software consisted of an executable file and two or three additional files: 1) a country-
specific “Player Model” SQLite database containing the translations and the item block combination
structure; 2) a template SQLite database file as the basis of the results database; and, optionally, 3) a CSS
file in case layout or font changes were required.

The results database was created for each student at login time, and included information about
the particular culture (country/language combination), as well as the student ID and a reference to the
country in the name of the database file itself. It should be noted that the results database is the repository
of not only the students’ responses to the items but also the timestamped events that reflect the process
of working on the assessment, such as navigating between screens, using interface tools, and changing
responses to items.

To upload data from the Player to the IEA servers, a menu option in the Player opened a separate
upload page. A list of all the results databases in the default location (the same folder level as the Player
executable) was displayed, along with buttons to “Upload Data” and "Refresh.” For those using a Player
to upload data from multiple USBs, it was possible to add additional results databases to the list. Clicking
“Upload Data” triggered the upload process to start, and a color-coded bar showed the number of
successful and unsuccessful uploads.

On completion of an upload, an acknowledgement was sent back to the Player client performing the
upload confirming a successful (or rarely, unsuccessful) data transfer. Databases successfully uploaded
were moved to an “uploads” subfolder and flagged to ensure that they would not be uploaded again.
Databases not successfully uploaded remained in the list for a further attempt to be made.
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Data Monitor

The Data Monitor was provided to enable NRCs and test administrators to further check the status of
uploaded data and to monitor overall progress during the data collection. As shown in Exhibit 4.6, the
Data Monitor enabled all records for a specific grade and country to be viewed, including information
regarding the student ID, the record creation time (the time the student logged into eTIMSS Player),
and the time of uploading.

Exhibit 4.6: Example Information from the Data Monitor

Culture (¥) IDSCHOOL (¥) IDCLASS (¥) IDSTUD (¥ Module () File Size (¥)| Record Created ¥ Record Uploaded @

Country

Test Country ZZA
2019-06-11T10:48:31

Test Country ZZB

2019-04-04T05:00:35

Test Country ZZC
2019-03-28T08:07:55

Test Country 77D
2019-04-04703:10:41

(3]
(2]

P

en-ZZ7B

en-Z7B

en-ZZB

en-ZZB

en-ZZB

en-ZZB

en-ZZB

9998

9998

9998

9998

9998

9998

9998

9959820
999820
999820
999820
999810
999810
999810

99982014

99982011

99982006

99982005

99981001

99981001

99981001

25

22

17

16

53 kB

64 kB

70 kB

72kB

43 kB

43 kB

43 kB

3/27/12019 5:40:27 PM

3/27/2019 5:35:55 PM

3/27/2019 5:30:51 PM

312712019 5:27:26 PM

3/27/12019 12:57:53 PM

3/27/2019 12:567:53 PM

3/27/12019 12:567:53 FM

3/27/2019 5:46:32 PM

372712019 5:46:33 PM

3/27/2019 5:46:32 PM

3/2712019 5:46:33 PM

312712019 5:09:04 PM

312712019 5:09:03 PM

312712019 5:09:04 PM

Scoring System

The IEA CodingExpert software, consisting of an Administration Module and a CodingExpert Client, was
the online scoring system used by NRCs and their scoring staff to score the eTIMSS constructed response
items. The Administration Module enabled scoring administrators from each country and benchmarking
participant to activate scorer accounts, assign scorers to items, set up and distribute training materials,
distribute student answers, and monitor the progress and quality of the scoring. Scorers used the
CodingExpert Client to score the student item responses assigned to them by the scoring administrator.

The Scoring System was an independent online system, working in tandem with local client
software that supplied the students” responses to the scorers along with contextual information such as
the translated item stem. In addition to the standard constructed response questions familiar from paper
scoring, the eTIMSS Scoring System had to accommodate responses from unique, digitally-enhanced
item types in the Problem Solving and Inquiry Tasks, as well as display screenshot images from the line-
drawing items.

Preparing Data for Scoring and Processing

Some pre-processing steps were required to prepare data in a suitable format for import into the Scoring
System and to enhance the efficiency of the human-scoring process. Data uploads from the eTIMSS
Players were processed at IEA Hamburg by several data servers that received and then extracted the
raw data from the uploaded SQLite databases into the “central” SQL database for all countries. This new
structure contained a separate database for each country and grade, including all data from the original
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SQLite databases with the addition of identifiers relating to the import of data and additional fields for
scoring purposes.

Although scoring supervisors controlled the distribution of responses to scorers within countries,
the responses themselves became available in the system soon after upload (with some delay due to
the asynchronous handling of the import to the central database and thence to the scoring system). To
avoid unnecessary scoring, therefore, it was essential that any duplicates in the central database were
dealt with before import to the scoring system. In addition to measures to prevent a database from being
uploaded a second time from the client side, checks were made to the results database creation date and
content to ensure any possible duplicates were flagged before import. There were, however, some kinds
of duplicate records that could be legitimate. Two databases with the same student ID but with different
creation times could have originated in several scenarios. For example, this could be simply a case of the
test administrator mistakenly using the same ID twice for two different students, or an interruption in
the assessment may have led to part 1 being conducted from one USB stick and part 2 from a second.
Such cases needed to be reconciled by IEA Hamburg’s data processing procedures.

When scoring was completed, the student response data were transferred to tables prepared for
import into the data processing system (DPE) employed at IEA Hamburg for all large-scale international
assessments. Here data from the various other TIMSS sources, such as the student questionnaire or
online context questionnaires, were merged together, using the IDs from the WinW3S database as the
key. Following an intensive series of quality control checks to identify and reconcile any inconsistencies,
the data were exported to SPSS and SAS data files for distribution to countries as part of the International
Database (see Chapter 8: Creating the TIMSS 2019 International Database).

eTIMSS Assessment Delivery Methods

Countries participating in eTIMSS could choose from the following three methods for delivering the
assessment:

e USB delivery involved running an executable file from a USB flash drive preloaded with the
eTIMSS Player

e Tablet delivery involved running the assessment Player directly from an application on an
Android-based tablet

e Local server method involved the use of the same Player as for the USB delivery, but run
from a server on a local area network, with the client computers running a browser to connect
to the server.

In practice, most countries focused on one standard method of delivery, with other options only
used as exceptions due to special circumstances within schools.
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USB Delivery

USB delivery involved running an executable file from a USB flash drive preloaded with the eTIMSS
Player. Test administrators were instructed to run the executable, which would open the program on a
main menu. On clicking the menu “Start eTIMSS” the program would present a login screen in “kiosk”
full screen mode—a semi-locked-down state where some key strokes are blocked and students are unable
to access or see the browser address bar.

The suitability of computers for this mode of delivery was determined by running a “system check”
program, which returned a clear yes/no indication on parameters based on screen resolution, operating
system, CPU speed and available memory, as well as a USB transfer rate check. This system check was
provided as a stand-alone program for checking computer compatibility ahead of administration, but
was also a module of the USB eTIMSS Player itself, for use on the day of testing.

Following the test session, the test administrator could use an escape code to return to the main
menu in order to upload the results. It was recommended to perform the upload as soon as possible
following the assessment, but it was also possible to conduct consecutive test sessions for several students
and then upload these together at once. Further, it was possible to copy the results databases from several
student USB flash drives to one single drive and use that to perform the upload function.

Tablet Delivery

Tablet delivery involved running the assessment Player directly from an application on an Android-
based tablet. This application needed to be first installed on the tablet from an .apk (Android Application
Package) file. Once installed, the application was available from the tablet home screen. The icons for
these were labeled in such a way that fourth grade and eighth grade versions could be distinguished.

On tapping the appropriate application icon, a login screen would appear in full screen. In contrast
to the USB version, it was not possible to prevent operation of the home button due to restrictions of the
Android operating system.

A system check for tablets was provided via the Google Play Store as a separate application; there was
no system check within the standard application. Minimum requirements comprised screen resolution
(identical to the minimum for the USB application), version of operating system (Android 5.0.2 or
higher), available storage, CPU speed, and available memory.

Following the test session, the application would return to the login screen. A button at the bottom
of the screen allowed the upload of the assessment data to take place given the entry of a four-digit
password. If multiple students had taken the eTIMSS assessment since the last upload, data for all these
students would be transmitted.
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Local Server Method

The local server method was a feature of the USB Player. With the Player program stored on a local drive
of a PC, it was possible to start the program as with the standard USB from the main menu. An option
then enabled the test administrator to set up the PC as a server and enable computers connected to the
local network to connect to this, displaying the assessments in a browser (the Chrome browser was the
preferred option).

The minimum specifications for the server computer were above those for standard USB delivery,
and no system check was available to test suitability. Therefore the following minimum requirements for
the server PCs were defined in order to determine if a machine was able to run the Player successfully:

e OS: Windows 8 or higher

e Processor speed: 2.2 GHz

e Memory: 8GB

e Available storage space: 10GB on SSD drive
¢ Administrator rights.

The upload procedure was similar to the USB method, with the additional step of stopping the
server-client service. Once this was done, the results from all students could be uploaded at once.

Description of eAssessment Data

The assessment Player recorded student item responses as well as other actions taken by the student and
the data were stored in a SQLite database. Student actions were broken down into timestamped events
that recorded process data such as navigation behavior and tool use, but also messages to the student that
were created by the system (e.g. time remaining towards the end of the test). The student responses and
event data were stored separately, with the item responses in a “response table” and the events in an “event
table” There were also auxiliary tables containing the student ID together with the language in which the
assessment was administered and information about whether the data had already been uploaded to the
IEA server. Other tables were used for error handling.

Each item response or event was stored with both general attributes and attributes specific to that
response or event. The following general attributes were recorded:

e Two timestamp parts: The first recorded events and item responses in Unix time and gave
the elapsed time in seconds since January 1, 1970. Since a more precise time information was
needed for event data, the second timestamp added the milliseconds.

e A sequential number recording the correct sequence of actions: This number reflected the
exact order of events and responses and had to coincide with the sequence obtained using the
timestamp information.
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e A screen ID number: This number indicated the specific screen (or item) on which the
response was saved or event occurred.

e A page identifier: Due to the rotation of item blocks within booklets, an item could be
displayed in different positions in the assessment. Therefore it was necessary to also include a
“page number” as a general attribute.

e An item ID number: For recording responses, the item identifier referred to the particular
item or item input (e.g., keyboard field) on the screen. This number corresponded to a given
“raw variable name” specified by the TIMSS & PIRLS International Study Center.

e An event-type ID number: For recording events, using ID numbers instead of names helped
to minimize data traffic during the assessment administration. A separate reference look-up
table held the actual event names that corresponded to the event-type ID numbers.

e A response ID number: For recording responses, this identifier indicated if a response was
changed later during the response process. It showed the sequential number (ID) under which
the subsequent answer was saved. The final answer the student gave to an item was marked
with a “NULL” value for this field.

Item Responses

In the response table, each response was stored in a separate record. The response table held the entire
response history of each item the student worked on. All item responses were stored as one or more
records with string of characters indicating the student response. This could be a single number, but also
an extended string containing information about drawn lines or the dragging and dropping of objects. In
addition, the student response table contained typed student responses that were later transferred to the
Scoring System for human scoring, along with screenshot images of responses from the line-drawing tool.
Responses that did not need human scoring were machine scored. For these responses, a set of detailed
scoring rules provided by the TIMSS & PIRLS International Study Center were incorporated in a scoring
algorithm and applied to each response to determine the appropriate score.

Event-Specific Attributes

In addition to the general attributes, attributes specific to each event were stored as JSON objects. JSON
objects in general hold for each attribute the name of the attribute (property) and the value of the property.
Exhibit 4.7 shows an example extract from the event table for the “Ul:IsLoaded” event type. This event
indicates that the appropriate test form was loaded with the first item presented to the student. The
event-specific attribute is the “index” which is set to zero for the first page of the test, stores as the JSON
object {“index”:0}.
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Exhibit 4.7: Extract from the Event Table for Event Type “Ul:IsLoaded”

26 0

13617 {“index™:0}

Results, Challenges, and Lessons Learned

In retrospect, it was the right decision to set up the eTIMSS system modularly and to differentiate between
the phases of content and item creation, translation, instrument assembly, assessment delivery, monitoring
of the data retrieval, and scoring of the responses. In each phase, different roles with the corresponding
rights were required. Administration was comparatively easy due to the modular structure.

For the translation and translation verification, it turned out to be very helpful that the eTIMSS
system supported the XLIFF format. With the help of XLIFF exports, translators could easily import
the texts to be translated into standard translation programs and thus carry out the translations very
efficiently.

The preview function, which made it possible to display the translated content as it is displayed in the
specific assessment situation, was of great help. In this way, it was possible to react very early if the space
allotted for the translation was not sufficient and translations were not displayed at all or incorrectly. In
these situations, often manual intervention was necessary through CSS files.

In particular, the right to left (RtL) languages (Arabic, Hebrew) presented multiple challenges. A lot
of effort went into producing a standard RtL template that could be applied on request in the Translation
System. This template had for example certain images flipped or moved to fit to the style. Despite this
template, a lot of manual work needed to be done at IEA Hamburg for adjustments of texts, images and
input boxes by way of CSS files to finalize players.

The large number of Players that had to be produced in a very short possible time posed a particular
challenge. In total, more than 100 player variants were created, all of which had to be tested before
distribution. This work was all managed conforming to the timelines for producing paperTIMSS

assessment materials.
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CHAPTER 5

Instrument Translation and
Layout Verification for TIMSS 2019

David Ebbs

Erin Wry
Jan-Philipp Wagner
Andrea Netten

Overview

The TIMSS & PIRLS International Study Center developed the international versions of the TIMSS 2019
assessment instruments, context questionnaires, and procedural manuals in English. Then, using the
international source versions, the participating countries translated the materials into their languages of
instruction and adapted them to their cultural contexts as necessary. For many countries, identifying the
language of instruction, referred to as the “target” language, was relatively straightforward because there is
a primary language used in the education system. However, some countries use more than one language
of instruction in their education systems, and in these cases, they translated the TIMSS 2019 instruments
into multiple languages. These multilingual countries also translated the context questionnaires and test
administration scripts for each language assessed. In addition, some countries also translated the home
questionnaire into additional languages in order to make the questionnaire more accessible to parents
from different backgrounds. The complete scope of the verification process for TIMSS 2019 is fully
documented in a subsequent section of this chapter.

As an additional complication for TIMSS 2019, it was the first cycle of TIMSS’ two-cycle transition to
digital assessment. About half the countries administered TIMSS as a digitally-based assessment (eTIMSS)
and the rest as a paper-based assessment (paperTIMSS). To maintain international comparability, the
TIMSS items were designed to be as identical as possible between eTIMSS and paperTIMSS. For the
eTIMSS achievement materials, the procedures for translation and verification took place in the eTIMSS
Online Translation system, part of IEA Hamburg’s eAssessment system (see Chapter 4). The translation
system was designed to mimic the same overarching procedures of paperTIMSS but also contained
additional features for accommodating eTIMSS. These features included a “player preview” mode that
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displayed how each item would appear in the player software, an SVG editor to edit images and/or labels
on images, a button to duplicate translations that appear in more than one item, and a feature to add
comments or document national adaptations.

In addition, countries who participated in eTIMSS administered paper booklets of their trend items
from TIMSS 2015 to a subsample of schools, to provide a “bridge” between the two administration modes.
Substantial effort was required to maintain consistent procedures for verifying the three types of TIMSS
2019 instruments—eTIMSS, paperTIMSS, and bridge booklets.

To ensure a fair basis for comparing mathematics and science achievement across countries,
languages, and contexts; the participating countries followed standardized internationally agreed-upon

procedures to translate and prepare their national instruments for data collection (see Chapter 6: Survey
Operations Procedures). This process included two stages: translation verification and layout verification.

As part of the translation verification process, each country’s national instruments underwent formal
external review by linguistic and assessment experts. During translation verification, verifiers compared
the national text to the international text and provided detailed feedback to improve the accuracy and
comparability of the national translations. Once the verification was completed, the National Research
Coordinators (NRCs) reviewed the feedback, revised their national materials as needed, and documented
their changes. Following translation verification, countries submitted their national instruments to the
TIMSS & PIRLS International Study Center for layout verification. During layout verification, verifiers
checked to ensure that all national instruments conformed to the international format and that any
national adaptations made to the TIMSS 2019 instruments did not unduly influence their international
comparability.

The process of translation verification and layout verification was carried out once for the field test
materials and a second time prior to data collection. Before data collection, the process involved verifying
any changes made to field test materials and checking the trend materials to make document any changes.
In the interest of measuring trends in student achievement over time, the overall process of instrument
translation and verification remains consistent from one TIMSS cycle to the next.

The following TIMSS 2019 instruments underwent verification:

e Student achievement items and directions

e Context questionnaires, covers, and directions for the student, home, teacher, and school
questionnaires

¢ Online questionnaire items, covers, and directions (for countries administering
questionnaires to parents, teachers, and/or schools online)

e Paper bridge booklets (for eTIMSS countries).
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Providing the Instruments to the Countries
for Translation and Adaptation

The TIMSS & PIRLS International Study Center provided NRCs with the TIMSS 2019 assessment
materials based on each country’s mode of administration. For countries that administered paperTIMSS,
NRCs received electronic files consisting of the paperTIMSS achievement materials, guidelines for
adaptation, and National Adaptation Forms for documenting each step of the adaptation, translation,
and verification processes. For countries that administered eTIMSS, the NRCs received digital versions of
all achievement items via the eTIMSS Online Translation System, as well as PDF versions of the eTIMSS
achievement blocks, guidelines for adaptation, and instructions and tutorial videos on using the eTIMSS
Online Translation System. Additionally, trend countries participating in eTIMSS also received electronic
tiles consisting of the TIMSS 2019 “bridge booklet” production files and instructions on applying their
trend translations to their national bridge booklets.

As part of the TIMSS assessment design, each “block” of assessment items appeared in two

achievement booklets or two eTIMSS “item block combinations” at each grade level. Therefore, the
component parts of the booklets/item block combinations (item blocks and directions) were prepared
as separate files for translation and translation verification. This approach allowed countries to translate
each component only once. Following translation verification, countries were required to assemble their
national paperTIMSS or “bridge” blocks, covers, and directions into booklets to be reviewed during
layout verification. To assist in this process, the TIMSS & PIRLS International Study Center provided
NRCs with detailed manuals and instructional videos, support materials for right-to-left languages, and
instructions for booklet assembly. For eTIMSS, digital item block combinations were assembled through
IEA’s eAssessment System.

In addition to the achievement materials, all countries also received electronic files consisting of the
international versions of the context questionnaires, guidelines for context questionnaire adaptation, and
National Adaptation Forms for documenting the translation, adaptation, and verification processes for
the questionnaires. For countries that chose to administer the home, teacher, or school questionnaires
online, IEA Hamburg provided access and instructions for using the Online SurveySystem (OSS) to

create, administer, and monitor online versions of the questionnaires.

Guidelines for Translation and Adaptation

The TIMSS & PIRLS International Study Center provided guidelines for translating and adapting the
TIMSS 2019 instruments. The purpose of the guidelines was to ensure that, when countries translated
and adapted the international versions, the meaning and difficulty level of the instruments remained
the same. All participating countries were expected to follow these guidelines, including countries that
administered the TIMSS 2019 instruments in English or used the Arabic source versions.
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In accordance with the guidelines, translators and reviewers ensured that:

e The translated texts had the same register (language level and degree of formality) as the
source texts

e The translated texts had correct grammar and usage (e.g. subject/verb agreement,
prepositions, verb tenses, etc.)

e The translated texts did not remove text from the source text and did not clarify or add more
information

e The translated texts had equivalent qualifiers and modifiers appropriate for the target
language

e Idiomatic expressions were translated appropriately, not necessarily word for word

e Spelling, punctuation, and capitalization in the target texts were appropriate for the target
language and the country’s national context.

After the field test, the TIMSS & PIRLS International Study Center provided NRCs with a list of
changes made to the international versions that they could refer to while preparing their assessment
instruments for the main data collection. This information helped minimize the translation burden by
highlighting the necessary changes to the translations before data collection.

TIMSS 2019 Arabic International Reference Version

As has been the practice since 2007, Arabic reference versions of the TIMSS 2019 instruments were
made available to participating Arabic-speaking countries to serve as a starting point for preparing their
national instruments. The Arabic reference versions were first created for the field test, and then updated
by the same team of experts for the main data collection. This was done both for paper and digital versions
of the assessment.

In TIMSS 2019, Arabic reference versions were offered for the following materials:

e Grade 4 achievement instruments

e Grade 4 less difficult mathematics achievement booklets

e Grade 8 achievement instruments

e Grade 4 context questionnaires for students, parents, teachers, and schools
e Grade 8 context questionnaires for students, teachers, and schools

The initial translation of the TIMSS 2019 instruments into Arabic was conducted in accordance with
the general guidelines for translation and adaptation. The translation was produced by a team of linguists
(two expert translators, one reconciler, and one proofreader) from BranTra, an independent translation
agency based in Brussels, Belgium. The translators produced two separate translations that were reviewed
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and compared against one another. In the case of differences between the two translations, the reconciler
selected the most appropriate translation for use in the field test instruments. The resulting draft versions
then underwent a second review by experienced NRCs to assess the content and terminology used in
specific school subjects at the target grades in a variety of Arabic-speaking countries. Upon completion of
the content review, the recommendations were taken into consideration and the translations were revised
accordingly. The final translations were then sent to the TIMSS & PIRLS International Study Center to
produce the right-to-left Arabic reference materials.

The TIMSS & PIRLS International Study Center used the Middle Eastern Version of Adobe®
InDesign® software to create the paper Arabic-reference production files with CopyFlow Gold® to import
the translation from rich-text format (RTF) into InDesign. After importing the translations, the TIMSS
& PIRLS International Study Center applied fonts, styles, and graphics to the instruments and reviewed
the materials to ensure that the translations and layout resembled the international version aside from the
right-to-left format. Before the release of the TIMSS 2019 Arabic paper reference versions, an additional
optical check was performed to verify the layout of the Arabic version and eradicate any remaining errors
or issues that occurred during the import process. The multiple stages of translation and review of the
Arabic reference instruments ensured that they were an adequate starting point for Arabic-speaking
countries to use in preparing their national versions.

For eTIMSS, the Arabic reference translations were imported into the eTIMSS Online Translation
System for Arabic-speaking countries that requested to start with this source version. All graphics were
automatically flipped and countries were given instructions on how to revert this if they required certain
graphics to be viewed left-to-right in their national education context. Further assistance was provided to
the eTIMSS Arabic-speaking countries during layout verification for any right-to-left issues that NRCs
were not able to adjust themselves.

Blocks of Achievement Items Designated to Measure Trends

According to the TIMSS design, about two-thirds of the items are carried over from one cycle to the next
for the purpose of measuring changes in student achievement over time. Therefore, TIMSS 2019 included
some items previously used in TIMSS 2015 and 2011. To ensure the quality of measuring TIMSS trends,
the trend items must identical from cycle to cycle. For countries that previously participated in TIMSS
2011 or TIMSS 2015, the TIMSS 2019 trend blocks (including paper bridge booklets) were reviewed
during translation and layout verification in comparison with those from the last cycle in which the
country participated. If a country determined that changes to an item in a trend block were absolutely
necessary (e.g., in order to correct a mistranslation discovered in a previous version), they were instructed
to document the change for further review during the verification process. Trend items that underwent
changes were not included in the scaling process or the estimation of the achievement scores for that
country.
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National Adaptations Forms

Each country prepared one National Adaptations Form (NAF) for each set of paper TIMSS achievement
instruments and/or set of questionnaires in each language in which they were administered. NAFs are
Excel documents formatted to contain the translations, adaptations, and verification history of each set
of national instruments administered on paper. When countries translated and adapted their national
paper instruments, the NAFs were filled out by the translators, reviewers, and NRCs. Documenting
an adaptation in the NAF requires entering the identifying information (location and/or question
number), an English back translation of the adaptation, and recoding instructions (if applicable). During
verification, the verifiers reviewed the documentation in the NAFs and recorded any feedback. NRCs
were responsible for updating the documentation within the NAFs after each round of international
verification. To ease the process of documentation and review, the NAFs include designated areas for
each stage of instrument preparation and verification.

For eTIMSS, NAFs were not external worksheets but instead built into the eTIMSS Online
Translation System. All national adaptations and documentation for the eTIMSS instruments, as
well as feedback from the verifiers was recorded directly into the eTIMSS Online Translation System.
For archiving purposes, the translation system had a function to export all documentation including
translations, adaptations, and comments from the translators, verifiers, and NRCs.

Countries administering eTIMSS were also provided with Bridge Verification Forms for the paper
bridge booklets. Because the bridge booklets were comprised of each country’s trend blocks and did not
contain any new translations or adaptations, the Bridge Verification Forms were a simplified version of
the NAF. These forms did not need to be filled out by NRCs but, rather, were used by the verifiers to
document any deviations from trend and any layout issues noted during verification.

Scope of Translation and Layout Verification in TIMSS 2019

For many countries, identifying the language of assessment, referred to as the “target” language, was
relatively straightforward because there is a primary language used in the education system. However,
some countries use more than one language of instruction in their education systems, and in these
cases, they translated the TIMSS 2019 instruments into multiple languages. These multilingual countries
also translated the context questionnaires and test administration scripts for each language assessed. In
addition, some countries also translated the home questionnaire into additional languages in order to
make the questionnaire more accessible to parents from different backgrounds.

For TIMSS 2019, 64 countries and 8 benchmarking participants prepared a total of 144 sets of
achievement instruments and 145 sets of background questionnaires in 50 languages.! The instruments

1 Counts may be inconsistent with Exhibits 5.1, 5.2, and 5.3 due to omission of benchmarking entities that share instruments with the national country
participant and did not require additional translation and layout verification.
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were translated into 50 different languages across 58 participating countries and 6 benchmarking entities
at the fourth grade, and across 39 countries and 7 benchmarking entities at the eighth grade. Of these
participants, 31 countries and 4 benchmarking entities administered the TIMSS 2019 instruments in
more than one language. The most common languages used were English (24 countries) and Arabic (10
countries).

Exhibits 5.1, 5.2, and 5.3 lists the target languages used for the TIMSS 2019 fourth grade assessment,
the fourth grade less difficult mathematics assessment, and the eighth grade assessment, respectively.

Exhibit 5.1: Languages Used for the TIMSS 2019 Grade 4 Assessment Instruments

Country Language | Achievement Student Teacher School Home
Test Questionnaire | Questionnaire | Questionnaire | Questionnaire
° ) ° ° )

Armenia Armenian
Australia English ° ° ) )
Austria German [ ° () ) ®
Azeri [ [ ) ) ) ®
Azerbaijan
Russian ) ° () ® ®
English ° ® ° ) )
Bahrain
Arabic [ ® ° ® ®
Belgium (Flemish) Dutch ° ® ° ° [
Bulgaria Bulgarian ° ° ° ) )
English ° ® ° ) [
Canada
French [ ° ® ) ®
Chile Spanish ° ) ) ) ®
Chinese Taipei Tra.dltlonal ) ) ) ) ®
Chinese
Croatian [ ® ® ) )
Croatia Italian ° )
Serbian ) ®
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Exhibit 5.1: Languages Used for the TIMSS 2019 Grade 4 Assessment Instruments (continued)

Country Language | Achievement Student Teacher School Home
Test Questionnaire | Questionnaire | Questionnaire | Questionnaire
° ) ° ° )

Greek
Cyprus

English ° ® ° ) )
Czech Republic Czech ° ) ) ) ®
Denmark Danish [ ° [ ® ®
England English ° ® ° )

Finnish [ ° [ ) ) ®
Finland

Swedish ) ° ° ) )
France French [ ° [ [ ®
Georgia Georgian ° ® ° ) )
Germany German ° ) ) ) ®

English ° ® ° ) [
Hong Kong SAR i

Tra.dltlonal ° ° ® ° °

Chinese
Hungary Hungarian ° ® ° ) [
Iran, .
Islamic Rep. of Farsi ¢ ® ¢ ¢ i

English ° ® ° ) [
Ireland

Irish [ ° [ ) ®
Italy Italian ® ° [ [ ®
Japan Japanese ® ° [ [ ®

Kazakh [ ° [ ) ®
Kazakhstan

Russian [ ° [ ) ®
Korea, Rep. of Korean ) [ ° ) )

>, TIMSS & PIRLS
'\‘é IEA International Study Center

Lynch School of Education CHAPTER 5: INSTRUMENT TRANSLATION AND LAYOUT VERIFICATION
BOSTON COLLEGE METHODS AND PROCEDURES: TIMSS 2019 TECHNICAL REPORT 5.8




& IEA

TIMSS

Exhibit 5.1: Languages Used for the TIMSS 2019 Grade 4 Assessment Instruments (continued)

Country Language | Achievement Student Teacher School Home
Test Questionnaire | Questionnaire | Questionnaire | Questionnaire
° ) ° ° )

Latvian
Latvia

Russian [ ° ®

Lithuanian ) ® ® ® ®
Lithuania Polish ) )

Russian [ ®

Maltese ®
Malta

English [ ° [ [ ®
Netherlands Dutch o ° ® ®
New Zealand English ° ® ° ) )
Northern Ireland  English ° [ ° ) )

Bokmal [ ® ) ® ®
Norway (5)

Nynorsk ° [

Arabic [ ° ) ® ®
Oman

English ° ® ° ) )
Poland Polish ° ° ® ® )
Portugal Portuguese ) [ ) ) )

Arabic [ ® ) ® ®
Qatar

English ° ® ° ) [
Ru53|an. Russian [ ® [ ) )
Federation
Serbia Serbian [ ® [ ® ®
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Exhibit 5.1: Languages Used for the TIMSS 2019 Grade 4 Assessment Instruments (continued)

Country Language | Achievement Student Teacher School Home
Test Questionnaire | Questionnaire | Questionnaire | Questionnaire
° ) ° ° )

English
Traditional °
. Chinese
Singapore
Tamil [
Malay )
Slovak ) ° ) ) )
Slovak Republic
Hungarian ° ® )
Spanish ° ° ° ) )
Catalan ) ) ) ) )
Spain Valencian ° ° ° ) ®
Galician ) ) ) ®
Basque [ ° [ ® ®
Sweden Swedish ° ® ) ) )
Turkey (5) Turkish ° ° ° ) )
i [ [} [ [ J [}
United Arab Arabic
Emirat
mirates English o o o o o
United States English ° ° ° )
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Exhibit 5.2: Languages Used for the TIMSS 2019 Grade 4 Less Difficult Mathematics Assessment

Instruments
Country Language | Achievement Student Teacher School Home
Test Questionnaire | Questionnaire | Questionnaire | Questionnaire

Albania Albanian o ° ° ® [ )

Bosnian [ ® ® ® )
Bosnia an.d Croatian [ ° ) ® ®
Herzegovina

Serbian [ ° ® ® ®
Kosovo Albanian ° ° ® () [ )

Arabic ) ° ) ) ®
Kuwait

English ° ® ° ) )

Montenegrin
Montenegro (Cyrillic) ° ® ° ) )
Morocco Arabic ° ® ° ® [ )

Macedonian ° ® ® ® )
North Macedonia

Albanian ® [ ] () ) ®

Urdu [ [} [ J [ J [ ]
Pakistan English ° ® ° ) )

Sindhi ® ® ® ® ®
Philippines English ® ° [ [ ®

Arabic [ ® ® ® )
Saudi Arabia

English ° ® ° ) [

Afrikaans [ ° [ () ®
South Africa (5)

English [ ° [ [ ®
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Exhibit 5.3: Languages Used for the TIMSS 2019 Grade 8 Assessment Instruments

Country Language Achievement Student Teacher School
Test Questionnaire Questionnaires Questionnaire
[ J [ J [ ] [ J

Australia English
English [ [ ) ° [
Bahrain
Arabic [ [ ° ®
English ° ° ® )
Canada’
French [ [ ° ®
Chile Spanish ° ° ° )
. L Traditional
Chinese Taipei Chinese ° ) ) )
Greek ° ) [ )
Cyprus
English ° ° ® °
Arabic [ [ ) () [
Egypt
English )
England English ® ° ) )
Finnish [ [ ° ®
Finland
Swedish ) ) [ )
France French [ [ ) [ [
Georgian ° ) ) )
Georgia
English ° ° ® )
Traditional
Hong Kong SAR Chinese ° ) ) )
Hungary Hungarian ® ° ® °
Iran, .
Islamic Rep. of Farsi ¢ ° ® ®
English ° ° ® )
Ireland
Irish [ [ ° ®

1 Canada only participated at Grade 8 in the benchmarking regions of Ontario and Quebec.
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Exhibit 5.3: Languages Used for the TIMSS 2019 Grade 8 Assessment Instruments (continued)

Country Language Achievement Student Teacher School
Test Questionnaire Questionnaires Questionnaire
® ® ® ®

Hebrew
Israel

Arabic [ [ [ ) ®
Italy Italian ® ° ) )
Japan Japanese [ [ ° ®

Arabic [ [ ® )
Jordan?

English? )

Kazakh [ [ ] [ )
Kazakhstan

Russian [ [ [ ) ®
Korea, Rep. of Korean ) ) ® )

Arabic [ () [ ) ®
Kuwait

English ® ° ® )

English ® ° ® °
Lebanon

French [ [ [ ) )

Lithuanian [ [ [ ) ®
Lithuania Polish [ ®

Russian [ )

Malay ° ° ° )
Malaysia

English °

Arabic [ [ [ ) ®
Morocco

French ®
New Zealand English ® ° ) )

2 For Jordan, the Grade 8 Achievement Test in English did not undergo international adaptation/translation verification.
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Exhibit 5.3: Languages Used for the TIMSS 2019 Grade 8 Assessment Instruments (continued)

Country Language Achievement Student Teacher School
Test Questionnaire Questionnaires Questionnaire
® ® ® ®

Bokmal
Norway (9)

Nynorsk ) )

Arabic [ [ [ ) ®
Oman

English ° ° ® )
Portugal Portuguese ° ) [ )

Arabic [ [ ® ®
Qatar

English ® ® ® [
Romania Romanian (] [ [ ) ®
Russian Federation Russian () [ ® ®

Arabic [ () [ ) ®
Saudi Arabia

English ® ° ® )
Singapore English ° ° ) )

English [ [ ) ° [
South Africa (9)

Afrikaans ® [ ® ®
Sweden Swedish [ ® ) )
Turkey Turkish ® ° ) )

i [ J [ J
United Arab Arabic ° °
Emirat
mirates English o o ° o

United States English [ [ ® ®
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Translation and Translation Verification

Translators and Reviewers

All countries and benchmarking participants were advised to hire highly qualified translators and
reviewers well suited to the task of working with the TIMSS materials.
Essential qualifications for translators and reviewers included:

e Excellent knowledge of English
e Excellent knowledge of the target language
e Experience in the country’s cultural context

e Experience translating texts in the subject areas related to the TIMSS assessment
(mathematics and science).

The primary responsibility of the reviewer was assessing the readability and accuracy of the
translation for the target population. In addition to excellent language skills and knowledge of the
country’s cultural context, reviewers were expected to have experience with students in the target grade
(preferably as a school teacher).

In cases where several translators and reviewers were needed to distribute the work, NRCs were
responsible for maintaining the consistency of the translations within and across instruments. Countries
that administered the assessment in more than one language were advised to employ translators and
reviewers that were highly proficient in the various languages to ensure the consistency of the translations
and adaptations across different language versions.

Translation and Adaptation of the Achievement Instruments

One of the main challenges in translating TIMSS achievement blocks is finding appropriate terms and
expressions in the target language(s) that convey the same meaning and style of text as the international
version. When adapting and translating expressions with more contextually appropriate terms, translators
ensured that the meaning and difficulty of the item remained the same as the international version. In
particular, it was important that adaptation/translation did not simplify or clarify the text in such a way
as to provide a hint or definition of the meaning of a question. Translators also ensured the consistency
of adaptations and translations from item to item. For multiple-choice items, translators were instructed
to pay particular attention to the literal and synonymous matches of text in both the question stem and
answer options. Any matches in the international version were required to be maintained in the translated
national version.
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