










































































































































































where <macpath> points to the specific folder in which the SAS macro program JACKREG.SAS is
located. This macro requires that the following several parameters be specified as input when it is

invoked:
WGT

JKZ

JKR

NJKZ

CVAR

XVAR

DVAR

INFILE

The sampling weight to be used in the analysis. Generally, TOTWGT should be used.
MATWGT should be used when analyzing mathematics teacher data, SCIWGT when
analyzing science teacher data, and TCHWGT when analyzing all teacher data.

The variable that captures the assignment of cases to sampling zones. The name of
this variable in the TIMSS data files is JKZONE.

The variable that captures whether the case is to be dropped or have its weight
doubled for each set of replicate weights. The name of this variable in the TIMSS data
files is JKREP.

The number of replicate weights to be generated when computing the standard errors.
The value of NJKZ should be set to 75, the maximum possible value across all
participating countries.

The list of variables that are to be used to define the subgroups. The list can consist of
one or more variables. We recommend that users always include IDCNTRY as the
first classification variable.

The list of independent variables used as predictors in the regression model. The
independent variables can be either continuous or categorical (e.g., ITSEX).

The dependent variable to be predicted by the list of independent variables specified
in XVAR. Only one variable can be listed, and plausible values of achievement scores
should not be specified here.

The name of the SAS data file that contains the data being analyzed. It is important to
emphasize that this SAS data file must include only those cases that are of interest in
the analysis. If users want to have specific cases excluded from the analysis, for
example students with missing data, this should be done prior to invoking the macro.

The JACKREG macro is invoked by a SAS program using the conventional SAS notation for
invoking macros. This involves listing the macro name followed by the list of parameters in
parenthesis, each separated by a comma. For example, the JACKREG macro invoked using the
following statement:

%JACKREG (TOTWGT, JKZONE, JKREP, 75, IDCNTRY, REGSEX, BSBGSLM, BSGALLM5) ;

will perform a linear regression with gender (REGSEX) as a predictor of the eighth grade students’
score on the Students Like Learning Mathematics contextual scale (BSBGSLM), using the weighting
variable TOTWGT.? It will compute the regression coefficients and their standard errors. The data

2 The Students Like Learning Mathematics contextual scale is described in the section Student-level Analysis with a Contextual Scale.
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will be read from the data file BSGALLMDS and the standard errors will be computed based on 75
replicate weights.

The results of the JACKREG macro are stored in a SAS working file called REG, which is stored
in the default folder used by SAS. The following variables are contained in this results file:

Classification Variables

All classification variables are kept in the results file. In this example, there is a single classification
variable IDCNTRY. There is one record in the results file for each subgroup defined by the
categories of the classification variables.

N

This variable contains the number of valid cases for each subgroup defined by the classification
variables. In the example, it is the number of students with valid data in each country’s sample.

MULT_RSQ
The squared multiple correlation coefficient (R?) for the regression model applied in each subgroup.
SS_RES, SS_REG, SS_TOTAL

The residual, regression, and total weighted sums of squares for the regression model applied in each
subgroup.

Regression Coefficients and Standard Errors (B## and B##.SE)

The regression coefficients for the intercept and the predictor variables with their respective standard
errors. The regression coefficients are numbered sequentially, starting with zero (B0O) for the
intercept, and based on the order of the predictor variables as specified in the parameter XVAR.

The contents of the REG file can be printed using the SAS PRINT procedure. The sample SAS
program that invokes the JACKREG macro is displayed in Exhibit 3.6, along with a printout of the
results. This program is available in the International Database as the file called
SAMPLEJACKREG.SAS. It performs a linear regression in each country, with the variable
REGSEX as a predictor of the eighth grade students’ score on the Students Like Learning
Mathematics contextual scale (BSBGSLM). The exhibit displays the results for the first four
countries.

The regression performed by the sample program uses the independent variable REGSEX, which
is a “dummy-coded” version of ITSEX, such that the value “0” represents the girls and the value “1”
represents the boys. By performing this recoding, the intercept BOO will be the estimated average
score of eighth grade girls, whereas the regression coefficient BO1 will be the estimated increase in
average score for boys. This will allow us to determine if the difference in average score between
girls and boys is statistically significant.

As shown in the first line of the results in Exhibit 3.6, the estimated average score of eighth grade
girls in Australia on the BSBGSLM scale (B00) was 9.10, with a standard error of 0.07. The eighth
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grade boys in Australia were an estimated 0.28 points higher (B01) than the girls on that scale, with
an estimated standard error of 0.08. Note that this difference is statistically significant at the 95%
confidence level.

Exhibit 3.6: Sample SAS Program Invoking the SAS Macro JACKREG with Results

LIBNAME T11 "'<datpath>" ;
%INCLUDE ''<macpath>JACKREG.SAS" ;

DATA BSGALLMS ;
SET T11.BSGALLMS ;

WHERE NMISS (ITSEX, BSBGSLM) = O ;

SELECT (ITSEX) ;
WHEN (1) REGSEX
WHEN (2) REGSEX
OTHERWISE REGSEX

END ;

0 ; * GIRLS ;
* BOYS ;

nonon
R

PROC FORMAT LIBRARY = WORK ;

VALUE COUNTRY
< list TIMSS 2011 country formats > ;

%JACKREG (TOTWGT, JKZONE, JKREP, 75, IDCNTRY, REGSEX, BSBGSLM, BSGALLM5) ;

PROC PRINT DATA = REG NOOBS ;
VAR IDCNTRY N MULT_RSQ SS_TOTAL SS_REG BOO BOO_SE BO1 BO1_SE ;
FORMAT IDCNTRY COUNTRY. N 6.0 MULT_RSQ 5.3 SS_TOTAL SS_REG 10.0
BOO BOO_SE BO1 BO1_SE 6.2 ;

IDCNTRY N MULT_RSQ  SS_TOTAL SS_REG BOO BOO_SE BO1 BO1_SE
AUSTRALIA 7389 0.005 910209 4882 9.18 0.07 0.28 0.08
BAHRAIN 4581 0.000 52295 6 9.75 0.05 0.05 0.07
ARMENTA 5626 0.001 128047 162 10.94 0.06 -0.14 0.06
CHILE 5772 0.012 949606 11772 9.56 0.05 0.44 0.06

Computing Regression Coefficients and their Standard Errors with Achievement—JACKREGP
The JACKREGP macro is used to perform a multiple linear regression between a set of plausible
values as the dependent variable and a set of independent variables. It computes the regression
coefficients and their standard errors, making use of the sampling weights, the jackknifing algorithm
to compute sampling variances, and the five plausible values to compute imputation variances. It
effectively performs five regression analyses—one for each plausible value—and aggregates the
results to produce accurate estimates of the regression coefficients and standard errors that
incorporate both sampling and imputation errors. Below, we present a fourth sample program to
demonstrate the use of the JACKREGP macro.

The JACKREGP macro is a self-contained program, located in the program file
JACKREGP.SAS, and should not be modified. It computes sets of replicate weights using the
sampling and weighting variables, performs a multiple linear regression by subgroups using the
replicate weights, and then computes and stores the desired statistics in a SAS working file called
REG.

The SAS macro JACKREGP is included in a SAS program by issuing the following command:

%INCLUDE "<macpath>JACKREGP.SAS" ;
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where <macpath> points to the specific folder in which the SAS macro program JACKREGP.SAS is
located. This macro requires that the following several parameters be specified as input when it is
invoked:

WGT The sampling weight to be used in the analysis. Generally, TOTWGT should be used.
MATWGT should be used when analyzing mathematics teacher data, SCIWGT when
analyzing science teacher data, and TCHWGT when analyzing all teacher data.

JKZ The variable that captures the assignment of cases to sampling zones. The name of
this variable in the TIMSS data files is JKZONE.

JKR The variable that captures whether the case is to be dropped or have its weight
doubled for each set of replicate weights. The name of this variable in the TIMSS data
files is JKREP.

NJKZ The number of replicate weights to be generated when computing the standard errors.

The value of NJKZ should be set to 75, the maximum possible value across all
participating countries.

CVAR The list of variables that are to be used to define the subgroups. The list can consist of
one or more variables. We recommend that users always include IDCNTRY as the
first classification variable.

XVAR The list of independent variables used as predictors in the regression model. The
independent variables can be either continuous or categorical, such as ITSEX for
example.

ROOTPV The variable root used to identify the set of plausible values for the achievement score
of interest. It corresponds to the first seven characters of the plausible values variable
name. For example, the root of the eighth grade overall mathematics plausible values
is BSMMATO, the root of the eighth grade overall science plausible values is
BSSSCIO.

NPV The number of plausible values that will be used for the analysis. Generally, it is set to
five to use all five available plausible values for analysis.

INFILE The name of the SAS data file that contains the data being analyzed. this number is
important to emphasize that this SAS data file must include only those cases that are
of interest in the analysis. If users want to have specific cases excluded from the
analysis, for example students with missing data, this should be done prior to
invoking the macro.

The JACKREGP macro is invoked by a SAS program using the conventional SAS notation for
invoking macros. This involves listing the macro name followed by the list of parameters in
parenthesis, each separated by a comma. For example, the JACKREGP macro invoked using the
following statement:

%JACKREGP (TOTWGT, JKZONE, JKREP, 75, IDCNTRY, REGSEX, BSMMATO, 5, BSGALLM5) ;

A
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will perform a linear regression with gender (REGSEX) as a predictor of eighth grade mathematics
achievement based on its five plausible values (BSMMATO1 through BSMMATO05), using the
weighting variable TOTWGT. It will compute the regression coefficients and their standard errors.
The data will be read from the data file BSGALLMS5 and the standard errors will be computed based
on 75 replicate weights.

The results of the JACKREGP macro are stored in a SAS working file called REG, which is
stored in the default folder used by SAS. The following variables are contained in this results file:

Classification Variables

All classification variables are kept in the results file. In this example, there is a single classification
variable IDCNTRY. There is one record in the results file for each subgroup defined by the
categories of the classification variables.

N

This variable contains the number of valid cases for each subgroup defined by the classification
variables. In the example, it is the number of students with valid data in each country’s sample.

MULT_RSQ
The squared multiple correlation coefficient (R?) for the regression model applied in each subgroup.
SS_RES, SS_REG, SS_TOTAL

The residual, regression, and total weighted sums of squares for the regression model applied in each
subgroup.

Regression Coefficients and Standard Errors (B## and B##.SE)

The regression coefficients for the predictor variables and the intercept with their respective standard
errors. The regression coefficients are numbered sequentially, starting with zero (B0O) for the
intercept, and based on the order of the predictor variables as specified in the parameter XVAR.

The contents of the REG file can be printed using the SAS PRINT procedure. The sample SAS
program invoking the JACKREGP macro is presented in Exhibit 3.7, along with a printout of the
results. This program is available in the International Database as the file called
SAMPLEJACKREGP.SAS. It performs a linear regression in each country, with the variable
REGSEX as a predictor of eighth grade mathematics achievement. The exhibit displays the results
for the first four countries.

The regression performed by our sample program uses the variable REGSEX that was defined in
our previous example. By using REGSEX, the intercept BOO will be the estimated average
mathematics achievement of eighth grade girls, whereas the regression coefficient BO1 will be the
estimated difference in the average mathematics achievement of boys. This will allow us to
determine if eighth grade mathematics achievement is significantly different between girls and boys.
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Exhibit3.7: Sample SAS Program Invoking the SAS Macro JACKREGP with Results

LIBNAME T11 "'<datpath>" ;
%INCLUDE "<macpath>JACKREGP.SAS" ;

DATA BSGALLMS ;
SET T11.BSGALLMS ;

WHERE NMISS (ITSEX) = 0 ;

SELECT (ITSEX) ;
WHEN (1) REGSEX
WHEN (2) REGSEX
OTHERWISE REGSEX

END ;

0 ; * GIRLS ;
1; * BOYS ;

PROC FORMAT LIBRARY = WORK ;

VALUE COUNTRY
< list TIMSS 2011 country formats > ;

%JACKREGP (TOTWGT, JKZONE, JKREP, 75, IDCNTRY, REGSEX, BSMMATO, 5, BSGALLM5) ;

PROC PRINT DATA = REG NOOBS ;
VAR IDCNTRY N MULT_RSQ SS_TOTAL SS_REG BOO BOO_SE BO1 BO1_SE ;
FORMAT IDCNTRY COUNTRY. N 6.0 MULT_RSQ 5.3 SS_TOTAL SS_REG 10.0
BOO BOO_SE BO1 BO1_SE 6.2 ;

IDCNTRY N MULT_RSQ  SS_TOTAL SS_REG BOO BOO_SE BO1 BO1_SE
AUSTRALIA 7556 0.003 1838740030 4904428 500.41 4.72 8.75 6.90
BAHRAIN 4640 0.046 125166261 5807054 430.78 2.51 -42.89 3.99
ARMENITA 5846 0.003 297563160 853896 471.52 3.07 -9.66 3.10
CHILE 5835 0.008 1593853260 13134187 409.46 3.23 14.48 3.63

A

From the first line of the results shown in Exhibit 3.7, the estimated average mathematics
achievement of eighth grade girls in Australia (B00) was 500.41, with a standard error of 4.72. Note
that these are the same results obtained from the JACKPV sample program (Exhibit 3.5). The eighth
grade boys had an estimated average mathematics achievement 8.75 points (B0O1) higher than girls,
with an estimated standard error of 6.90. Note that this difference is not statistically significant at the
95% confidence level.

3.7 TIMSS Analyses with Student-level Variables

Many analyses of the TIMSS 2011 data can be undertaken using only student-level data. Examples
in the previous section illustrated the functioning of the SAS macros. This section presents examples
of actual analyses reported in TIMSS 2011 International Results in Mathematics (Mullis, Martin,
Foy, & Arora, 2012), using SAS programs provided in the TIMSS 2011 International Database.

A first example computes national average achievement, whereas a second example computes
national average achievement by gender. In both cases, the SAS macros use the sampling weights,
implement the jackknife repeated replication method to compute appropriate sampling errors,
effectively perform the computations five times (once for each plausible value), and aggregate the
results to produce accurate estimates of average achievement and standard errors that incorporate
both sampling and imputation errors. A third example expands on the second example by performing
a test of significance on the gender difference using regression. Finally, a fourth example computes
the average scale score for one of the newly developed contextual scales, along with the percentages
of students, with their average achievement, for the categories of the scale’s corresponding index.
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In general, to perform student-level analyses using the student background data files, users
should do the following:

1. Identify the variables of interest in the student background data files and note any specific
national adaptations to the variables.

2. Retrieve the relevant variables from the student background data files, including the plausible
values of achievement if required, classification variables, identification variables, sampling and
weighting variables, and any other variables used in the selection of cases.

3. Perform any necessary variable transformations or recodes.

4. Use the macros JACKGEN and JACKREG, or JACKPV and JACKREGRP if plausible values are
involved, with the appropriate parameters.

5. Specify the location of the data files (<datpath>) and the macros (<macpath>).

6. Print the results file.

Student-level Analysis with Achievement

In our first example, we want to replicate the analysis of the overall distribution of mathematics
achievement. These results are presented in Exhibit 1.2 of TIMSS 2011 International Results in
Mathematics and are repeated here in Exhibit 3.8. Because the results in this exhibit are based on
plausible values, we need to make sure that we include them when we create the file using the merge
module, and also to indicate that our analysis will make use of achievement scores.

We will find all of the variables we need for this analysis in the student background data files,
including the five plausible values of eighth grade mathematics achievement (BSMMATO1 through
BSMMATO05), the student sampling weight (TOTWGT), the variables that contain the jackknife
replication information (JKZONE and JKREP), and the variable containing the country identification
code (IDCNTRY). In this analysis, we will use the data for all available countries. We used the JOIN
program, described earlier in this chapter, to join the student background data files for all countries
into a single file called BSGALLM5.

The SAS program used to perform this first example is presented in Exhibit 3.9 and is included in
the International Database under the name EXAMPLEL.SAS. The results obtained from this program
are displayed in Exhibit 3.10, although only the results of first four countries are shown for the sake
of brevity.

In Exhibit 3.10, the results are displayed one line per country, with the countries identified in the
first column. The second column reports the number of valid cases, and the third the sum of weights
of the sampled students. The next four columns report the estimated average mathematics
achievement and its standard error, followed by the percentage of students in each category and its
standard error. As shown in the first line, the average mathematics achievement of eighth grade
students in Australia was 504.80, with a standard error of 5.09. In this example, only IDCNTRY was
used as a classification variable; thus, the estimated percentages are of little value because they
represent the proportion of the TOTWGT column for each country.
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Exhibit 3.8:

Exhibit of Example Student-level Analysis with Achievement, Taken from

TIMSS 2011 International Results in Mathematics (Exhibit 1.2)

Exhibit 1.2: Distribution of Mathematics Achievement

TIMSS 2011
Mathematics (228

Country LEE Mathematics Achievement Distribution =
Scale Score g
Korea, Rep. of 613(29) © e — - T — =
2 Singapore 61138 © ——— - —— g
Chinese Taipei 609 (3.2) (] S — — S — &
Hong Kong SAR 586038 © — - — g
Japan 570 (2.6) [4) —— - — E
2 Russian Federation 539(36) © [— - — 5
3 |srael 516 (4.1) (1) [ - — %
Finland 514025 © — = — §
2 United States 509(26) © — - ——— g
£ England 507 (5.5) —— -— — E
Hungary 505 (3.5) e — — —— 2
Australia 505 (5.1) —_— ——e g
Slovenia 505220 © —— e e — r
1 Lithuania 502 (2.5) — - —— 2
[ TS Scale Centerpoint | 50 | £
Italy 498 (2.4) S = g
New Zealand 488 (5.5) ® —— — —— ]
Kazakhstan #7140 @ — - — E
Sweden 484(19) @ —— - — -
Ukraine 479 (3.9) ® —— - —
Norway 475 (2.4) ® — - —
Armenia 467 (2.7) ® —— - —
Romania 458 (4.0) @ —— — ——
United Arab Emirates 456 (2.1) @ —— - —
Turkey 452039 ® —— — e ——
Lebanon M937 @ — - r—
Malaysia 40054 ® e —— — —
1 Georgia 81038 ® ——— - —
Thailand Q7(43) @ — - S —
¥ Macedonia, Rep. of 26052 ® ——— — —
Tunisia 425028 @ — - T —
Chile 416 (2.6) ® — = e —
¥ Iran, Islamic Rep. of 415 (4.3) () — - ——
¥ Qatar 410 3.1) ® —— - ——
¥ Bahrain 409200 @ —— - ——
¥ Jordan 406 (3.7) ® — - ——
¥ Palestinian Nat'l Auth. 404 (3.5) ® — - S —
¥ Saudi Arabia 394 (4.6) ® ——— — e —
¥ Indonesia 386 (4.3) ® — - S—
¥ Syrian Arab Republic 38045 @ —— — S—
* Morocco 371(2.0) ® — - ——
¥ Oman 366 (2.8) ® — - —
¥ Ghana 331(43) (] E— - S —
I(!O 2(‘)0 350 4150 500 6(‘)0 760 SCIK)
Country LB Matt ics Achi t Distrik
Scale Score
Ninth Grade Participants
¥ Botswana 397 (2.5) ® —— - —
X South Africa 352 (2.5) ® — - R —
2 % Honduras 338B37) @ — - —
Benchmarking Participants
' 2 Massachusetts, US 561(53) © — — —
1 Minnesota, US 545 (4.6) o — — T
13 North Carolina, US 537 (6.8) 4] — — e —
Quebec, Canada 532 (23) (4] -
! 2 Indiana, US 522 (5.1) (4] [— — —_—
1 Colorado, US 518(49) © e — — ——
12 Connecticut, US 518 (4.8) [4] — — R —
12 Florida, US 513 (6.4) (4] — — ——
2 Ontario, Canada 512250 © — - —
2 Alberta, Canada 505 (26)  ——
12 California, US 493 (4.9) e — — ——
Dubai, UAE 478 (2.1) ® —— - T —
1 Alabama, US 466 (5.9) ® — — —
Abu Dhabi, UAE 49 3.7) ® — - —
I 1 1 T L] 1 1 1
100 200 300 400 500 600 700 800
©Q Country average significantly higher than Percentiles of Performance
the centerpoint of the TIMSS 8th grade scale sth 25th 7sth  95th
@ Country average significantly lower than |
the centerpoint of the TIMSS 8th grade scale 95% Confidence Interval for Average (+2SE)
" Average achievement not reliably measured because the percentage of students with achievement too low for estimation exceeds 25%.
W Reservations about reliability of average achievement because the percentage of students with achievement too low for estimation does not exceed 25% but exceeds 15%.
See Appendix C.3 for target population coverage notes 1, 2, and 3. See Appendix C.9 for sampling guidelines and sampling participation notes t, $, and %.
() Standard errors appear in parentheses. Because of rounding some results may appear inconsistent.
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Exhibit3.9: Example SAS Program for Student-level Analysis with Achievement (EXAMPLE1.SAS)

LIBNAME T11 "'<datpath>" ;
%INCLUDE "'<macpath>JACKPV.SAS" ;

DATA BSGALLMS ;
SET T11.BSGALLMS5;

PROC FORMAT LIBRARY = WORK ;

VALUE COUNTRY
< list TIMSS 2011 country formats > ;

%JACKPV (TOTWGT, JKZONE, JKREP, 75, IDCNTRY ITSEX, BSMMATO, 5, BSGALLMS) ;

PROC PRINT DATA = FINAL NOOBS ;
VAR IDCNTRY N TOTWGT MNPV MNPV_SE PCT PCT_SE ;
FORMAT IDCNTRY COUNTRY. N 6.0 TOTWGT 10.0
MNPV MNPV_SE PCT PCT_SE 6.2 ;

Exhibit 3.10: Output for Example Student-level Analysis with Achievement (EXAMPLE 1)

IDCNTRY N TOTWGT MNPV MNPV_SE PCT PCT_SE
AUSTRALIA 7556 251985 504.80 5.09 1.18 0.02
BAHRAIN 4640 12625 409.22 1.96 0.06 0.00
ARMENTA 5846 36181 466.59 2.73 0.17 0.00
CHILE 5835 251180 416.27 2.59 1.18 0.03

Student-level Analysis with Achievement by Gender

In our second example, we want to replicate another set of results presented in TIMSS 2011
International Results in Mathematics. We are interested in investigating the relationship between
eighth grade students’ gender and mathematics achievement. These results are presented in

Exhibit 1.11 of TIMSS 2011 International Results in Mathematics and repeated here in Exhibit 3.11.
Because the results in this exhibit are based on plausible values, we must make sure they are
included when creating the input file, and also indicate that this analysis will make use of
achievement scores.

After reviewing the appropriate codebook, the variable ITSEX in the student background data
files contains information on the gender of students. We then proceed to read from the student
background data files our variable of interest (ITSEX), the five plausible values of eighth grade
mathematics achievement (BSMMATO01 through BSMMATO05), the student sampling weight
(TOTWGT), the variables that contain the jackknifing information (JKZONE and JKREP), and the
country identification variable (IDCNTRY). Again, we will use the data of all available countries
contained in the file BSGALLMS.

The SAS program that implements this second example is presented in Exhibit 3.12 and is
included in the International Database under the name EXAMPLE2.SAS. Note that one of the steps
in this program is to select only those students who have non-missing data in our variable of interest
ITSEX.
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Exhibit 3.11: Exhibit of Example Student-level Analysis with Achievement by Gender, Taken from

TIMSS 2011 International Results in Mathematics (Exhibit 1.11)

_ ) . - TIMSS 2011
Exhibit 1.11: Average Mathematics Achievement by Gender Mathematics P38%
Girls Boys Difference Gender Difference
Country Percentof  Average Scale Percentof  Average Scale (Absolute Girls Boys
Students Score Students Score Value) Scored Higher Scored Higher

# Morocco 47 (0.8) 371(23) 53(0.8) 371(27) 0(3.2)

2 Russian Federation 49 (0.9) 539 (3.8) 51(0.9) 539 (3.9) 1(29) |
Kazakhstan 49 (0.8) 486 (4.1) 51(0.8) 488 (4.5) 2(33) '
Norway 49 (0.7) 476 (2.9) 51(0.7) 473 (29) 3(3.10) 1

+ England 48 (2.0) 508 (5.7) 52 (2.0) 505 (6.6) 3(5.6) 1

1 Georgia 47 (0.9) 430 (4.1) 53 (0.9) 432 (44) 3(4.0) '
Ukraine 50 (1.0) 478 (4.0) 50 (1.0) 481 (4.9) 3 (44) .

2 United States 51(0.6) 508 (2.9) 49 (0.6) 511(28) 4(22) u
Sweden 48 (0.9) 486 (2.1) 52(0.9) 482 (24) 4(24) "

Finland 48 (1.1) 516 (2.7) 52(1.1) 512(27) 4(23) "
Slovenia 49 (0.9) 502 (2.4) 51(09) 507 (2.8) 5(28) -
Hungary 49 (1.1) 502 (3.9) 51(1.1) 508 (3.9) 6(35) -
Hong Kong SAR 49 (1.6) 588 (5.0) 51(1.6) 583 (4.3) 6 (5.5) u
Chinese Taipei 48 (1.0) 613 (3.7) 52(1.0) 606 (3.8) 6(4.1) -
Korea, Rep. of 52 (2.5) 610 (3.5) 48 (2.5) 616 (3.1) 6(3.1) -

¥ Iran, Islamic Rep. of 46 (23) 411 (5.9) 54(23) 418 (5.9) 7(81) -

¥ Macedonia, Rep. of 49 (0.9) 430 (5.8) 51009 423 (5.6) 7047 =
Japan 49 (1.1) 566 (3.1) 51(1.1) 574 (3.5) 8(41) -

3 Israel 50 (1.6) 520 (3.9) 50 (1.6) 512(5.2) 8 (44) -

2 Singapore 49 (0.7) 615(3.7) 51(0.7) 607 (4.5) 9(35) -

Turkey 49 (0.7) 457 (3.8) 51(0.7) 448 (4.7) 9(35) -
Australia 50 (1.6) 500 (4.7) 50 (1.6) 509 (7.3) 9(6.9) -

1 Lithuania 49 (0.7) 507 (2.6) 51(0.7) 498 (3.2) 9(3.0) -
Armenia 49 (0.8) 4723.1) 51(0.8) 462 (3.2) 10 (3.1) -

¥ Syrian Arab Republic 50 (1.7) 375 (5.3) 50 (1.7) 385 (53) 1(57) -

Italy 49 (0.9) 493 (2.9) 51(0.9) 504 (2.8) 11(29) -
Romania 48 (0.9) 464 (4.6) 52(0.9) 453 (4.2) 11(3.6) -

¥ Qatar 50 (3.3) 415 (5.8) 50 33) 404 (5.5) 11(95) -
Lebanon 55 (1.9) 444 (4.2) 45 (1.9) 456 (4.7) 12 (47) -

¥ Indonesia 50(1.2) 392 (4.9) 50(1.2) 379 (4.5) 13 (4.0) -

Chile 53 (1.5) 409 (3.2) 47(1.5) 424 (3.0) 14 (3.6) —
¥ Saudi Arabia 48012 401 (4.1) 52(12) 387 (8.0) 15(89) -
Tunisia 52(0.7) 417 (3.1) 48 (0.7) 433(3.1) 17 (25) —
United Arab Emirates 50 (1.7) 464 (2.7) 50 (1.7) 447 (3.1) 17 (4.2) —
Thailand 55 (1.6) 435 (4.2) 45 (1.6) 417 (53) 18 (44) —_—
New Zealand 47 20) 478 (5.5) 53(20) 496 (6.2) 18 (47) j—
Malaysia 51(1.2) 449 (5.2) 49 (1.2) 430 (6.2) 19 (4.4) —

¥ Palestinian Nat'l Auth. 52(1.7) 415 (4.2) 48 (1.7) 392 (5.6) 23(7.0) Lo

* Ghana 47 (0.8) 318 (4.8) 53 (0.8) 342 (43) 23(29) —

¥ Jordan 49 (1.7) 420 (4.3) 51(1.7) 392 (5.9) 28 (7.4) —

¥ Bahrain 50 (0.8) 431(2.5) 50 (0.8) 388 (3.1) 43 (4.0) —

¥ Oman 51 (2 334 (3.8) 63 (4.6) —

1) 397 (3.1) 49(2.1)

I I I I
80 40 0 40
Girls Boys Difference Gender Difference
Country Percentof  AverageScale  Percentof  Average Scale (Absolute Girls Boys
Students Score Students Scare Value) Scored Higher Scored Higher
Ninth Grade Participants
* South Africa 48 (1.0) 354 (3.0) 52 (1.0) 350 (3.4) 3 (4.0) "
¥ Botswana 51(0.6) 403 (29) 49 (0.6) 390 (3.0) 14(3.1) -
2 ¥ Honduras 55 (1.0) 328 (4.1) 45 (1.0) 351 (4.1) 2 (3.5) —
Benchmarking Participants
2 Ontario, Canada 49 (0.9) 512(27) 51(0.9) 512 (3.1) 0(3.1)
Quebec, Canada 51(1.4) 531(29) 49(1.4) 532 (2.5) 0(27)
' Minnesota, US 52(1.5) 545 (4.9) 48 (1.5) 545 (5.1) 0(39)
1 Alabama, US 51(1.6) 467 (6.3) 49 (1.6) 465 (6.2) 2(39) )
Abu Dhabi, UAE 47 (2.7) 450 (3.9) 53(2.7) 448 (5.7) 2(6.4) !
2 Alberta, Canada 50 (0.9) 504 (33) 50 (0.9) 506 (2.7) 2(3.0) i
1 3 North Carolina, US 52(1.0) 535 (6.2) 48 (1.0) 539 (8.3) 3(5.1) y
1 2 California, US 49 (1.1) 491 (5.6) 51(1.1) 494 (5.0) 3(40) .
1 Colorado, US 51(1.5) 516 (5.4) 49 (1.5) 520 (5.0) 4(34) .
1 2 Connecticut, US 49 (1.0) 520(5.2) 51(1.0) 516 (5.4) 4(45) u
! 2 Massachusetts, US 50 (1.0) 558 (6.0) 50(1.0) 563 (5.5) 5(45) =
1 2 Florida, US 49 (1.9) 509 (6.6) 51(1.9 517 (7.3) 8(55) -
! 2 Indiana, US 52(1.1) 518 (5.1) 48 (1.1) 526 (5.9) 8 (4.0) -
Dubai, UAE 48 (4.6) 486 (43) 52 (4.6) 470 (5.4) 16 (8.9) _—
I I I I
80 40 0 40

M Difference statistically significant

M Difference not statistically significant

M Average achievement not reliably measured because the percentage of students with achievement toc low for estimation exceeds 25%.

W Reservations about reliability of average achievement because the percentage of students with achievement too low for estimation does not exceed 25% but exceeds 15%.

See Appendix C.3 for target population coverage notes 1, 2, and 3. See Appendix C.9 for sampling guidelines and sampling participation notes 1, , and ¥.
() Standard errors appear in parentheses. Because of rounding some results may appear inconsistent.
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Exhibit 3.12: Example SAS Program for Student-level Analysis with Achievement by Gender (EXAMPLE2.SAS)

LIBNAME T11 "'<datpath>" ;
%INCLUDE "'<macpath>JACKPV.SAS" ;

DATA BSGALLMS ;
SET T11.BSGALLMS ;

WHERE NMISS (ITSEX) = 0 ;
PROC FORMAT LIBRARY = WORK ;

VALUE COUNTRY
< list TIMSS 2011 country formats > ;

VALUE SEX
1 “GIRL"
2 "BOY" ;

%JACKPV (TOTWGT, JKZONE, JKREP, 75, IDCNTRY ITSEX, BSMMATO, 5, BSGALLM5) ;

PROC PRINT DATA = FINAL NOOBS ;
VAR IDCNTRY ITSEX N TOTWGT MNPV MNPV_SE PCT PCT_SE ;
FORMAT IDCNTRY COUNTRY. ITSEX SEX. N 6.0 TOTWGT 10.0
MNPV MNPV_SE PCT PCT_SE 6.2 ;

The results obtained from this program are shown in Exhibit 3.13. For the sake of brevity, only
the results of the first four countries are shown. The very same set of steps used in our first example
apply here, adding ITSEX as a classification variable along with IDCNTRY.

Exhibit 3.13: Output for Example Student-level Analysis with Achievement by Gender (EXAMPLE 2)

IDCNTRY ITSEX N TOTWGT MNPV MNPV_SE PCT PCT_SE
AUSTRALIA GIRL 3747 125555 500.41 4.72 49.83 1.61
AUSTRALIA BOY 3809 126429 509.16 7.26 50.17 1.61
BAHRAIN GIRL 2288 6276 430.78 2.51 49.72 0.85
BAHRAIN BOY 2352 6348 387.89 3.07 50.28 0.85
ARMENITA GIRL 2894 17702 471.52 3.07 48.93 0.78
ARMENITA BOY 2952 18479 461.86 3.21 51.07 0.78
CHILE GIRL 3133 133160 409.46 3.23 53.01 1.46
CHILE BOY 2702 118020 423.94 3.05 46.99 1.46

In Exhibit 3.13, each country’s results are displayed on two lines, one for each value of the
variable ITSEX. The countries are identified in the first column and the second column describes the
category of ITSEX being reported. The third column reports the number of valid cases and the fourth
the sum of weights of the sampled students. The next four columns report the estimated average
mathematics achievement and its standard error, followed by the percentage of students in each
category and its standard error. As shown in the first two lines, the average mathematics achievement
was 500.41 for eighth grade girls in Australia (standard error of 4.72) and 509.16 (standard error
of 7.26) for eighth grade boys. An estimated 49.83 percent (standard error of 1.61) of students in
Australia were girls, and 50.17 percent were boys (standard error of 1.61).
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Student-level Analysis with a Contextual Scale

TIMSS 2011 has innovated in its reporting of contextual data by creating contextual scales based on
Rasch modeling.® A good number of contextual scales were reported in the TIMSS 2011
International Reports and are available in the International Database for analysis. Each contextual
scale variable is a Rasch scale with an international mean of 10 and international standard deviation
of 2. An index was derived from each scale that divides the range of scores into usually three
categories: the most desirable scores (high values), the least desirable scores (low values), and the
remaining scores in between.

These contextual scales and their corresponding indices were reported in the TIMSS 2011
International Reports. Exhibit 3.14 shows one such example, Exhibit 8.2 from TIMSS 2011
International Results in Mathematics, reporting how much students like learning mathematics.
Results on the Rasch scale are reported for each country as an “Average Scale Score” and its
corresponding index is reported as the percentages of students in each category—L.ike Learning
Mathematics, Somewhat Like Learning Mathematics, and Do Not Like Learning Mathematics—
along with the average achievement in each category.

This example will replicate both the average scale score of the Students Like Learning
Mathematics contextual scale and the percentages of students, with their average mathematics
achievement, in each category of its index. This will be done in two steps, both using the merged
BSGALLMS5 data file.

The first step, our third example, will compute the average scale score using the contextual scale
variable BSBGSLM. After reviewing the appropriate codebook, we observe that the variable
BSBGSLM in the student background data files contains information on the Students Like Learning
Mathematics contextual scale. We then proceed to read from the student background data files our
variable of interest (BSBGSLM), the student sampling weight (TOTWGT), the variables that contain
the jackknifing information (JKZONE and JKREP), and the country identification variable
(IDCNTRY). Again, we will use the data of all available countries contained in the file BSGALLMS5.

The SAS program that implements our third example is presented in Exhibit 3.15 and is included
in the International Database under the name EXAMPLE3.SAS. Note that one of the steps in this
program is to select only those students who have non-missing data in our variable of interest
BSBGSLM.

The results obtained from this program are shown in Exhibit 3.16. For the sake of brevity, only
the results of the first four countries are shown.

3 The contextual scales are described in the context questionnaire scales section of Methods and Procedures in TIMSS and PIRLS 2011 (Martin &

Mullis, 2012).
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Exhibit 3.14: Example Exhibit of a Contextual Scale, Taken from
TIMSS 2011 International Results in Mathematics (Exhibit 8.2)

Exhibit 8.2: Students Like Learning Mathematics TIMSS 20.11 8th
Mathematics [0

Reported by Students

Students were scored according to their degree of agreement with five statements on the Students Like Learning Mathematics scale. Students who

Like Learning Mathematics had a score on the scale of at least 11.3, which corresponds to their “agreeing a lot” with three of the five statements and
"agreeing a little” with the other two, on average. Students who Do Not Like Learning Mathematics had a score no higher than 9.0, which corresponds
to their "disagreeing a little” with three of the five statements and “agreeing a little” with the other two, on average. All other students Somewhat Like
Learning Mathematics.

3
Like Learning Somewhat Like Do Not Like %
Country Mathematics Learning Mathematics Learning Mathematics Average %
Percent Average Percent Average Percent Average Scale Score g
of Students Achievement of Students Achievement of Students Achievement =
Morocco 48 (0.7) 398 (2.4) 40 (0.7) 353 (22) 12 (0.5) 340 (4.6) 11.2 (0.03) E
Armenia 43 (1.0 499 (3.1) 39(0.8) 451 (3.4) 18 (1.0) 437 (4.8) 10.9 (0.05) §
Jordan 42 (1.5 42 (3.7) 39 (1.0) 388 (4.2) 19 (0.9) 376 (4.8) 10.9 (0.06) z
Georgia 42(13) 463 (5.0) 40 (1.0) 423 (4.1) 18 (1.0) 405 (6.2) 10.8 (0.06) 3
Malaysia 39(1.3) 463 (5.0) 46 (0.9) 430 (5.6) 15 (0.9) 413 (8.1) 10.8 (0.05) g
Iran, Islamic Rep. of 39(1.1) 450 (5.4) 40(0.8) 39 (4.2) 22 (0.9) 388 (4.5) 10.6 (0.05) <
Ghana 38 (1.4) 370 (4.8) 51(1.2) 314 (4.0) 10 (0.5) 299 (6.7) 10.9 (0.05) 3
Oman 38 (0.8) 420 (3.0) 45(0.8) 342 (3.6) 17 (0.7) 324 (44) 10.8 (0.04) %
Kazakhstan 38(1.5) 506 (4.4) 52(13) 478 (4.4) 10 (0.7) 475 (7.4) 10.9 (0.05) 3
Tunisia 38 (1.0 448 (3.4) 40 (0.8) 415(3.2) 23 (0.9 405 (3.3) 10.6 (0.05) o]
Syrian Arab Republic 37 (1.1) 408 (5.2) 44 (1.0) 373 (4.8) 19 (0.9) 353 (6.3) 10.7 (0.05) é
Ukraine 36 (1.7) 502 (4.9) 8(12) 477 (4.1) 20(1.2) 450 (4.9) 10.6 (0.07) “
Lebanon 35(1.2) 475 (4.6) 43 (1.0) 441 (4.2) 21(1.7) 425 (5.6) 10.6 (0.06)
Singapore 32007 637 (3.9) 4(0.7) 610 (4.1) 23007 578 (4.4) 10.4 (0.03)
Turkey 31(1.0) 504 (6.0) 42(07) 436 (3.9) 26 (1.0) 420 (3.5) 10.3 (0.05)
United Arab Emirates 31(0.7) 488 (2.3) 42 (0.6) 448 (2.5) 27 (0.8) 82 (25) 10.2 (0.04)
Palestinian Nat'l Auth. 31(1.1) 47 (5.0) 43 (1.0) 394 (4.7) 26 (1.1) 375(5.1) 10.3 (0.05)
Russian Federation 29(1.1) 567 (4.7) 49(09) 537 (3.6) 22 (1.0) 509 (4.1) 10.3 (0.04)
Saudi Arabia 29(13) 436 (5.6) 40 (1.0) 389 (5.4) 32(14) 364 (4.1) 10.1(0.07)
Qatar 27 (1.0) 456 (4.5) 43(0.8) 401 (3.7) 31(1.2) 386 (4.8) 10.0 (0.05)
Thailand 26 (1.1) 456 (5.6) 57 (0.9) 420 (4.5) 16 (1.0) 408 (5.1) 10.3 (0.05)
Israel 26 (0.8) 536 (5.1) 40(07) 523 (43) 35(1.0 496 (5.1) 9.9 (0.04)
Macedonia, Rep. of 24 (1.0 462 (6.2) 40 (1.0) 422 (6.3) 36 (1.4) 425 (6.0) 9.8 (0.06)
Bahrain 24 (0.6) 454 (4.6) 38 (0.9) 413 (2.7) 38 (0.8) 381(3.4) 9.8 (0.03)
Lithuania 22 (1.0) 531(37) 44 (1.0) 506 (2.7) 34(1.1) 482 (33) 9.8 (0.05)
Chile 22(09) 249 (3.5) 40 (0.9) 416 (29) 38(1.0) 398 (2.9) 9.8 (0.04)
Indonesia 20 (1.4 396 (6.1) 70(1.2) 385 (4.5) 10 (0.8) 382 (6.3) 10.4 (0.04)
United States 19 (0.6) 536 (3.2) 40 (0.6) 515 (3.0) 40 (0.8) 494 (2.8) 9.5 (0.04)
Hong Kong SAR 19 (0.8) 635 (4.4) 44 (1.0) 595 (3.8) 37(1.3) 551 (4.6) 9.6 (0.05)
Romania 18 (1.0) 516 (6.1) 40 (1.0) 459 (43) a1 438 (4.8) 9.5 (0.05)
Italy 18 (0.9) 538 (3.6) 42 (09) 507 (2.8) 40 (1.3) 472 (3.2) 9.6 (0.05)
New Zealand 17 (1.0 525 (6.9) 41(1.0) 497 (5.7) 42(15) 467 (4.8) 9.5 (0.06)
Norway 17 (0.9) 511(4.1) 42(1.0) 482 (2.6) 42(14) 453 (2.8) 9.4 (0.05)
Australia 16 (0.9) 553 (7.5) 40 (09) 520 (5.6) 45 (1.4) 476 (4.4) 9.3 (0.06)
Hungary 15 (0.7) 549 (5.6) 35(1.0) 508 (4.8) 50 (1.3) 491 (3.8) 9.2 (0.05)
England 14(1.0) 548 (8.9) 44(13) 517 (5.7) 42017 484 (5.2) 9.4 (0.07)
Chinese Taipei 14(0.7) 681(43) 33(09) 645 (3.6) 53(1.2) 568 (3.2) 9.0 (0.06)
Sweden 13 (0.6) 524 (4.0) 2(07) 498 (1.8) 44.(1.0) 462 (2.1) 9.4 (0.04)
Finland 10 (0.6) 560 (4.1) 34 (1.0) 532(28) 57 (1.1) 496 (2.6) 8.8 (0.05)
Japan 9 (0.6) 621 (5.1) 38(1.1) 589 (3.3) 53(14) 545 (3.1) 9.1(0.05)
Korea, Rep. of 8(0.3) 677 (4.7) 36 (0.7) 649 (3.3) 56 (0.8) 581(2.9) 8.9 (0.03)
Slovenia 6(0.4) 544 (5.3) 31(1.0) 521 (3.0) 63 (1.3) 494 (2.4) 8.6 (0.05)

International Avg.

Ninth Grade Participants

Botswana 47 (1) 427 (2.5) 38 (0.8) 376 (2.6) 16 (0.8) 370 (4.3) 11.0 (0.05)
South Africa 41(0.9) 378 (2.0) 44(0.7) 339(29) 15(0.6) 348 (5.3) 10.8 (0.04)
Honduras (1.0 364 (4.6) 49 (0.9) 332 (42) 28(1.1) 334 (4.8) 10.1 (0.06)

Benchmarking Participants

Abu Dhabi, UAE 320(1.2) 485 (4.4) 42(1.0) 441 (3.6) 26(1.4) 420 (4.9) 10.3 (0.06)
Dubai, UAE 29 (1.0) 508 (3.5) 41(09) 473 (3.1) 30(1.0) 456 (3.1) 10.1 (0.05)
Ontario, Canada 26 (1.1) 546 (3.5) 41(1.0) 513 (34) 34(14) 481(3.0) 9.9 (0.06)
North Carolina, US 24(18) 556 (7.6) 4(1.1) 542 (7.8) 31(23) 516 (7.0) 9.9(0.11)
Connecticut, US 2(15) 552 (6.0) 40(1.2) 526 (5.2) 38(1.8) 495 (5.4) 97 (0.08)
Colorado, US 20 (1.6) 548 (5.9) 38(1.7) 528 (4.8) 42(2.1) 495 (5.8) 9.4(0.10)
Massachusetts, US 19(1.3) 585 (6.1) 40 (1.0) 568 (5.4) 41(17) 543 (5.4) 9.4 (0.09)
Minnesota, US 18(1.5) 578 (6.8) 41(0.9) 555 (4.7) 41(16) 521 (4.6) 9.5 (0.08)
Alabama, US 18 (1.9) 475 (107) 37(09) 471(6.7) 45 (17) 460 (5.3) 9.3(0.11)
Florida, US 17011) 552(9.7) 38(14) 525 (6.9) 45(1.7) 493 (6.2) 9.4(0.08)
California, US 17 (0.9) 519 (6.4) 42(1.3) 496 (6.1) 41(1.8) 480 (5.0) 9.4 (0.07)
Alberta, Canada 16 (0.9) 531 (4.7) 44 (1.0) 514.(2.5) 40 (1.4) 486 (3.1) 9.4(0.06)
Indiana, US 16 (1.4) 547 (6.2) 39(13) 529 (53) 45 (2.0) 507 (5.0) 9.3(0.10)
Quebec, Canada 12(0.7) 557 3.9) 43 (09) 540 (2.4) 44(12) 517 (2.6) 9.3(0.05)

Centerpoint of scale set at 10.
() Standard errors appear in parentheses. Because of rounding some results may appear inconsistent.
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Exhibit 3.15: Example SAS Program for Student-level Analysis with a Contextual Scale (EXAMPLE3.SAS)

LIBNAME T11 "'<datpath>" ;
%INCLUDE "<macpath>JACKGEN.SAS" ;

DATA BSGALLMS ;
SET T11.BSGALLMS ;

WHERE NMISS (BSBGSLM) = 0 ;
PROC FORMAT LIBRARY = WORK ;

VALUE COUNTRY
< list TIMSS 2011 country formats > ;

%JACKGEN (TOTWGT, JKZONE, JKREP, 75, IDCNTRY, BSBGSLM, BSGALLM5) ;

PROC PRINT DATA = FINAL NOOBS ;
VAR IDCNTRY N TOTWGT MNX MNX_SE PCT PCT_SE ;
FORMAT IDCNTRY COUNTRY. N 6.0 TOTWGT 10.0
MNX MNX_SE PCT PCT_SE 6.2 ;

In the first line of the results in Exhibit 3.16, we see that students in Australia scored 9.32, with a
standard error of 0.06, on the Students Like Learning Mathematics contextual scale. Note that this is
below the international average of 10, the difference being statistically significant at the 95%
confidence level.

Exhibit 3.16: Output for Example Student-level Analysis with a Contextual Scale (EXAMPLE 3)

IDCNTRY N TOTWGT MNX MNX_SE PCT PCT_SE
AUSTRALIA 7389 248762 9.32 0.06 1.19 0.02
BAHRAIN 4581 12458 9.77 0.03 0.06 0.00
ARMENTA 5626 34775 10.87 0.05 0.17 0.00
CHILE 5772 248321 9.76 0.04 1.18 0.03

A

In the second step, our fourth example, we will compute the percentages of eighth grade students,
with their average mathematics achievement, in each category of the index variable BSDGSLM. This
analysis is similar to our earlier example of a student-level analysis with achievement by gender. Our
variable of interest here is the BSDGSLM index variable of our contextual scale and it will be used
to measure average mathematics achievement using the five plausible values BSMMATO1 through
BSMMATO5.

The SAS program that implements this fourth example is presented in Exhibit 3.17 and is
included in the International Database under the name EXAMPLE4.SAS. Note that one of the steps
in this program is to select only those students who have non-missing data in our variable of interest
BSDGSLM. The results obtained from this program are shown in Exhibit 3.18. For the sake of
brevity, only the results of the first four countries are shown.

As shown in the first three lines of the results, 15.67 percent of students in Australia liked
learning mathematics (standard error of 0.94), and their average mathematics achievement
was 553.21 (standard error of 7.47); 39.81 percent somewhat liked learning mathematics (standard
error of 0.87), and their average mathematics achievement was 519.53 (standard error of 5.58); and
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44.53 percent of students did not like learning mathematics (standard error of 1.41), and their
average mathematics achievement was 475.97 (standard error of 4.43).

Exhibit 3.17 Example SAS Program for Student-level Analysis with a Contextual Scale (EXAMPLE4.SAS)

LIBNAME T11 “"<datpath>" ;
%INCLUDE "'<macpath>JACKPV.SAS" ;

DATA BSGALLMS5 ;
SET T11.BSGALLMS ;

WHERE NMISS (BSDGSLM) = O ;
PROC FORMAT LIBRARY = WORK ;

VALUE COUNTRY
< list TIMSS 2011 country formats > ;

VALUE SLM
"LIKE LEARNING MATHEMATICS"
""SOMEWHAT LIKE LEARNING MATHEMATICS™

1
2
3 "DO NOT LIKE LEARNING MATHEMATICS™ ;

%JACKPV (TOTWGT, JKZONE, JKREP, 75, IDCNTRY BSDGSLM, BSMMATO, 5, BSGALLM5) ;

PROC PRINT DATA = FINAL NOOBS ;
VAR IDCNTRY BSDGSLM N TOTWGT MNPV MNPV_SE PCT PCT_SE ;
FORMAT IDCNTRY COUNTRY. BSDGSLM SLM. N 6.0 TOTWGT 10.0
MNPV MNPV_SE PCT PCT_SE 6.2 ;

Exhibit3.18 Output for Example Student-level Analysis with a Contextual Scale (EXAMPLE 4)

IDCNTRY BSDGSLM N TOTWGT MNPV MNPV_SE PCT PCT_SE
AUSTRALIA LIKE LEARNING MATHEMATICS 1068 38977 553.21 7.47 15.67 0.94
AUSTRALIA SOMEWHAT LIKE LEARNING MATHEMATICS 2985 99021 519.53 5.58 39.81 0.87
AUSTRALIA DO NOT LIKE LEARNING MATHEMATICS 3336 110764 475.97 4.43 44 .53 1.41
BAHRAIN LIKE LEARNING MATHEMATICS 1072 2959 454.13 4.64 23.75 0.64
BAHRAIN SOMEWHAT LIKE LEARNING MATHEMATICS 1756 4780 413.45 2.71 38.37 0.86
BAHRAIN DO NOT LIKE LEARNING MATHEMATICS 1753 4719 380.58 3.37 37.88 0.84
ARMENTA LIKE LEARNING MATHEMATICS 2421 14925 499.36 3.07 42.92 0.97
ARMENTA SOMEWHAT LIKE LEARNING MATHEMATICS 2181 13729 451.39 3.37 39.48 0.76
ARMENTA DO NOT LIKE LEARNING MATHEMATICS 1024 6121 436.88 4.75 17.60 0.97
CHILE LIKE LEARNING MATHEMATICS 1289 54770 449.31 3.52 22.06 0.86
CHILE SOMEWHAT LIKE LEARNING MATHEMATICS 2291 99860 416.42 2.93 40.21 0.89
CHILE DO NOT LIKE LEARNING MATHEMATICS 2192 93691 398.30 2.95 37.73 0.97

3.8 TIMSS Analyses with Teacher-level Variables

The teachers in the TIMSS 2011 International Database do not constitute representative samples of
teachers in the participating countries. Rather, they are the teachers of nationally representative
samples of students. Therefore, analyses with teacher data should be made with students as the units
of analysis and reported in terms of students who are taught by teachers with a particular attribute.
When analyzing teacher data, it is first necessary to link the students to their respective teachers.
The student—teacher linkage data files (AST/BST) were created for this purpose. Student
achievement scores (plausible values), jackknife replication information, and teacher weighting
variables—MATWGT for mathematics teachers, SCIWGT for science teachers, or TCHWGT for all
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A

teachers—appropriate for conducting analyses with teacher variables are found in the
student—teacher linkage data files in order to simplify the merging process for analyses that link
teacher background variables to student achievement. For such analyses, it only is necessary to
merge the teacher background data files (ATG/BTM/BTS) with the student—teacher linkage data
files. For analyses linking teacher variables to student background variables, it also is necessary to
merge the student background data files (ASG/BSG) with the teacher background data files
combining the latter with the student—teacher linkage data files.

As our example of an analysis using teacher background data, we will investigate the years of
experience of the TIMSS 2011 eighth grade mathematics teachers. The results of such an analysis are
presented in Exhibit 7.6 of TIMSS 2011 International Results in Mathematics and are reproduced
here in Exhibit 3.19.

Conducting analyses with teacher data requires a few extra steps. As before, we first proceed to
identify the variables relevant to the analysis in the appropriate files, and review the documentation
for any specific national adaptations to the questions of interest (Supplements 1 and 2 to this User
Guide). Because we are using a teacher-level variable, we must use the teacher background data files
and the student-teacher linkage data files to find the variables. From the teacher background data
files, we need the variable that contains the information on the eighth grade mathematics teachers’
years of experience (BTDGO01), the variable that identifies the country (IDCNTRY), and the two
teacher identification variables (IDTEACH and IDLINK) that will allow us to link the teacher data to
the student data.*

We then proceed to retrieve the necessary information from the eighth grade student-teacher
linkage data files. From these files, we need the country identification (IDCNTRY) and the two
teacher identification variables (IDTEACH and IDLINK) to link the teacher data to the student data.
We also need the jackknife replication variables (JKZONE and JKREP), the mathematics teacher
weighting variable (MATWGT), and the eighth grade mathematics achievement plausible values
(BSMMATO1 through BSMMATO5).

In general, to perform analyses using the teacher background data files, users should do the
following:

1. ldentify the variables of interest in the teacher background data files and note any specific
national adaptations to the variables.

2. Retrieve the relevant variables from the teacher background data files, including analysis
variables, classification variables, identification variables (IDCNTRY, IDTEACH, and IDLINK),
and any other variables used in the selection of cases.

3. Retrieve the relevant variables from the student-teacher linkage data files, including plausible
values of achievement, identification variables (IDCNTRY, IDSTUD, IDTEACH, and IDLINK),
sampling (JKZONE and JKREP) and weighting (MATWGT, SCIWGT, or TCHWGT) variables,
and any other variables used in the selection of cases.

4 The information about teachers’ years of experience found in the BTBGO1 variable was collapsed into reporting categories and stored in the
derived variable BTDGO1 (see Supplement 3 to this User Guide).
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Exhibit 3.19: Exhibit of Example Teacher-level Analysis, Taken from
TIMSS 2011 International Results in Mathematics (Exhibit 7.6)

TIMSS 2011 FE

Exhibit 7.6: Teachers'Years of Experience Mathematics E#%

Reported by Teachers
At Least 10 but Less At Least 5 but Less s
20 Years or More than 20 Years than 10 Years Less than 5 Years Average a
Country Yearsof =
Percent of A_verage Percent of A_verage Percent of A_verage Percent of Ajrerage Experience i
Students Achievement Students Achievement Students Achievement Students Achievement é‘
Armenia 63 (3.7) 467 (3.9) 30(33) 464 (6.0) 4(1.6) 473 (24.9) 3(1.4) 474 (18.4) 24(0.8) ‘j;
Australia r 37 (4.0) 519 (8.1) 2034 513 (10.8) 1832 504 (17.1) 24(34) 485 (8.4) 1509 5
Bahrain 19(22) 433 (7.0) 54 (3.6) 404 (3.7) 17 (2.7) 403 (5.8) 10 (1.9) 430 (9.1) 14 (0.4) ﬁ
Chile 49 (3.8) 415 (4.6) 15(2.9) 416 (10.0) 13 (28) 4 (12.1) 2234 421 (6.3) 19(1.0) "
Chinese Taipei 24(3.6) 621(7.2) 41(3.6) 607 (5.8) 26 (3.5) 608 (9.3) 9(2.5) 593 (8.9) 14007) %
England 21(3.6) 510 (15.5) 25(3.7) 516 (11.8) 22 3.9 495 (11.6) 32(3.9 503 (10.7) 12(09) E
Finland 41(34) 517 (2.8) 27 (34) 5111(5.3) 18 (2.8) 515 (6.1) 15 (24) 510 (5.2) 607 =2
Georgia 63(39) 428(5.2) 21035) 441 (10.1) 9(24) 439 (15.0) 7023) 431(18.5) 25(1.1) Tg"
Ghana 6(1.8) 360 (19.9) 23(3.8) 340 (9.0) 28 (4.0) 334(93) 43(3.9) 321(6.8) 805 %
Hong Kong SAR 18(33) 570 (11.9) 39 (43) 590 (8.4) 25 (4.2) 589 (11.9) 18(3.3) 588 (10.1) 12(0.7) 2
Hungary 62 (3.5) 508 (4.4) 26 (3.0) 508 (6.2) 7(19) 488 (18.6) 5(1.5) 456 (21.5) 207 ¢
Indenesia 25(39) 402(9.1) 30 (4.0) 399 (9.1) 193.3) 385 (8.0) 26 (4.5) 356 (9.1) 1308 E
Iran, Islamic Rep. of 28(32) 443 (8.9) 40 (3.8) 416 (6.0) 16 (2.6) 402 (10.4) 16 (2.8) 374 (10.7) 14 (0.6) %
Israel 38 (238) 545 (6.6) 36 (2.8) 518 (6.6) 15 (2.0) 495 (10.7) 1(1.8) 468 (14.4) 1705 =
Italy 60 (4.1) 502 (3.2) 22(33) 492 (7.3) 11(2.5) 504 (9.1) 8(21) 492 (13.6) 22009
Japan 47 (39) 576 (3.7) 18(3.1) 558 (5.5) 17(23) 575 (9.1) 18(3.1) 559 (7.5) 17 (0.8) é
Jordan 16 (2.6) 406 (8.5) 29(33) 410 (7.6) 29 (3.5) 394 (9.6) 26 (3.1) 413 (7.0) 1noee 7
Kazakhstan 62(39) 492(5.2) 2132) 468 (8.6) 9(2.7) 489 (14.9) 82 493 (14.8) 22(09)
Korea, Rep. of 34(3.0) 618 (5.0) 22(28) 616 (3.8) 17 (2.1) 625 (7.1) 27 (2.6) 594 (4.8) 13 (0.6)
Lebanon 27 (3.6) 454 (7.9) 32(39) 445 (6.9) 21(3.2) 460 (9.8) 20 3.5 445 (8.7) 14(1.0)
Lithuania 73(3.4) 501 (3.0) 17 (26) 509 (6.8) 7(2.7) 504 (19.6) 3(14) 506 (17.8) 25(0.8)
Macedonia, Rep. of r 50 (4.4) 421(9.1) 25 (42) 430 (12.0) 12(27) 415 (153) 13(29) 420 (18.6) 20 (0.9)
Malaysia 18 (3.0) 446 (12.2) 31(3.4) 446 (9.5) 21(3.0) 426 (11.4) 30(3.3) 441 (10.5) 11007
Morocco 69 (2.8) 374 (28) 11 (2.0) 373 (9.0) 5(15) 358 (12.2) 15(23) 363 (6.3) 22 (0.6)
New Zealand 36 (3.0) 492 (8.4) 22(27) 436 (9.6) 25 (3.0) 489 (8.9) 17 (2.8) 482 (15.6) 15 (0.8)
Norway 30 (4.0) 478 (3.7) 25 (3.6) 474 (5.5) 1937 475 (4.4) 26(3.5) 474 (4.0) 15(1.0)
Oman 7(13) 362 (12.2) 25 (2.6) 385 (6.5) 46 (3.3) 363 (47) 21(2.6) 360 (6.9) 9(0.3)
Palestinian Nat'l Auth. 14(3.1) 413 (11.9) 3739) 410 (7.3) 24 (3.6) 400 (7.6) 25(3.2) 394 (7.5) 11(0.7)
Qatar 3(42) 4321 (127) 36 (4.6) 425 (9.4) 25 (3.4) 388 (9.2) 16 (2.9) 386 (10.1) 13(07)
Romania 66 (3.7) 466 (5.2) 24(33) 449 (9.3) 6(17) 420 (15.9) 4(16) 423 (12.7) 25(09)
Russian Federation 67 (33) 540 (4.4) 24(3.1) 543 (7.0) 5(1.2) 515 (15.2) 4(12) 547 (23.5) 24 (0.6)
Saudi Arabia 13(29) 386 (10.2) 41039 406 (7.3) 25(3.5) 402 (8.9) 21(3.5) 367 (7.7) 11 (0.6)
Singapore 10 (14) 618 (10.6) 16 (2.1) 619(9.3) 26 (24) 624 (73) 47 (2.5) 601 (5.0) 8(0.4)
Slovenia 52(29) 506 (3.2) 20 (2.6) 500 (5.0) 17 (2.0) 500 (4.1) 12(1.9) 515 (4.9) 19 (0.6)
Sweden r 26(27) 486 (5.4) 42(34) 439 (3.9) 22(27) 482 (3.7) 10 (2.0) 476 (5.1) 15 (0.6)
Syrian Arab Republic 16 (3.1) 400 (9.6) 26 3.7) 375 (1.9 24 (3.6) 370 (8.8) 35(4.0) 378 (8.7) 10 (0.6)
Thailand 34034) 444 (8.4) 213.0) 432 (11.0) 18 (2.7) 47 (11.6) 28(3.2) 415 (8.7) 15(0.8)
Tunisia 38(33) 442 (5.6) 35(33) 419 (5.4) 18 (2.8) 417 (7.5) 10(2.1) 394 (7.2) 16 (0.7)
Turkey 11(22) 471 (14.5) 243.2) 481 (10.8) 38 (3.9) 445 (6.9) 27(2.8) 431 (6.5) 9(0.5)
Ukraine 68 (4.4) 477 (4.5) 20 3.6) 491 (10.0) 9(25) 473 (1.1) 3014 473 (18.7) 25(1.00
United Arab Emirates 24 (2.0) 442 (6.4) 36 (2.4) 455 (4.0) 26 (23) 461 (4.8) 14 (1.8) 467 (6.8) 13 (04)
United States r 26 (2.2) 519 (6.8) 28 (24) 517 (5.1) 28 (2.8) 506 (7.2) 17(2.2) 505 (6.7) 14 (0.6)
[ international Avg. |~ 3605 | 409 | 805 | 002 | 19040 | 02 | 1800 | 65805 | 1601 |
Ninth Grade Participants
Botswana 2(1.0) ~~ 39 (4.5) 401 (5.3) 31 (43) 403 (4.2) 29 (3.9) 384 (52) 9(0.4)
Honduras r 26(3.8) 341 (6.5) B(42) 335 (10.8) 244 332(8.4) 942 339 (11.1) 12 (09)
South Africa 30 (3.8) 344 (73) 33(34) 358 (5.8) 18 3.0) 364 (8.6) 19 (3.1) 345 (87) 14 (0.8)
Benchmarking Participants
Alberta, Canada 25(3.5) 506 (5.0) 37 (43) 504 (3.8) 15 (3.0) 504 (6.9) 23 (34) 505 (53) 13(0.7)
Ontario, Canada 16 (2.8) 511(7.5) 44 (4.2) 512 (3.8 3135 516 (4.9) 10 (2.5) 511(9.4) 12 (0.5)
Quebec, Canada 19(3.0) 544 (6.6) 47 (3.8) 536 (4.2) 22332 524 (7.0) 12 (2.6) 521(73) 13 (0.6)
Abu Dhabi, UAE 25(4.) 456 (14.3) 30 (4.1) 433 (6.3) 29 (4.6) 456 (8.5) 16 (3.2) 463 (9.2) 14(09)
Dubai, UAE 19(2.2) 443 (9.5) 42 (26) 491 (5.0) 25(33) 488 (8.7) 13 (2.6) 471 (139 13 (0.5)
Alabama, US r 16 (4.8) 494 (20.4) 35(7.8) 473 (11.2) 32(62) 450 (12.0) 17 (5.7) 464 (11.2) 12(13)
California, US r 19 (5.4) 502 (25.5) 33 (6.9) 490 (9.2) 28 (6.4) 506 (10.2) 20 (5.9 479 (21.5) 12(13)
Colorado, US r 21(4.9) 564 (9.3) 32(56) 517 (113) 32(58) 508 (14.0) 15 (3.5) 471(133) 13 (1.0
Connecticut, US 29 (6.2) 531(17.9) 32 (5.6) 533(9.2) 20 (4.8) 509 (18.9) 19 (5.5) 503 (14.5) 14(13)
Florida, US r 18(5.3) 530 (13.7) 43(7.0) 521 (10.5) 26 (5.8) 514 (14.6) 13 (4.0 524 (29.0) 13(1.2)
Indiana, US r 34 (5.6) 526 (11.0) 22(5.8) 533 (13.8) 27 (6.0) 516 (12.2) 17 (5.2) 494 (9.9) 15(1.4)
Massachusetts, US 10 (4.1) 566 (20.3) 33(58) 569 (10.9) 3952 552 (8.5) 18 (5.5) 556 (17.9) 1n(13)
Minnesota, US 27 (6.4) 556 (9.3) 36 (5.2) 553 (8.9) 22 (45) 531(153) 15 (4.3) 528 (17.9) 15(1.5)
North Carelina, US r 26 (5.5) 559 (13.2) 30 (56) 530 (14.8) 33(55) 545(13.2) 1 (43) 517 (12.7) 14(1.0)

() Standard errors appear in parentheses. Because of rounding some results may appear inconsistent.
Atilde () indicates insufficient data to report achievement.
An“r"indicates data are available for at least 70% but less than 85% of the students.
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4. Merge the teacher background data files with the student—teacher linkage data files using the
variables IDCNTRY, IDTEACH, and IDLINK.

5. If student background variables also are needed, merge the student background data files with the
merged student-teacher data files from the previous step using the variables IDCNTRY and
IDSTUD.

6. Perform any necessary variable transformations or recodes.

7. Use the macros JACKGEN and JACKREG, or JACKPV and JACKREGRP if plausible values are
involved, with the appropriate parameters.

8. Specify the location of the data files (<datpath>) and the macros (<macpath>).

9. Print the results file.

The two file types are merged and the resulting merged file is then input to the JACKPV macro.
The merging is done using the combination of identification variables IDCNTRY, IDTEACH, and
IDLINK. The combination of values for these three variables is unique within the teacher
background data files, but is repeated in the student—teacher linkage data files as many times as
needed to link a teacher to all students in a classroom. After the files are merged, the JACKPV macro
is invoked and the results can be printed.

For this analysis, we will again use the data for all available countries, making use of an
aggregated teacher background data file, BTMALLMS5, and an aggregated student-teacher linkage
data file, BSTALLMD5. These aggregated files were created with the JOIN macro.

The SAS program that executes this example is presented in Exhibit 3.20 and is included in the
International Database under the name EXAMPLES.SAS. Note that one of the steps in this program
is to select only those students who have non-missing data in our variable of interest BTDGO1. The
results obtained from this program are displayed in Exhibit 3.21, edited to show only the first four
countries for the sake of brevity.

Because our example uses data from mathematics teachers, the weighting variable MATWGT is
specified. Analyses with science teachers require that SCIWGT be specified. For analyses with all
teachers, TCHWGT should be specified. (See Chapter 4 for more information on sampling weights.)

Each country’s results are displayed on four lines, one for each value of the BTDGO1 variable.
The results are presented in the same manner as in the previous examples, with countries identified
in the first column, and the second column describing the categories of the analysis variable. As
shown in the first four lines of results, 36.54 percent (standard error of 4.03) of eighth grade students
in Australia were taught by teachers with 20 years or more of experience, 21.51 percent (standard
error of 3.39) by teachers with 10 to 20 years of experience, 17.73 percent (standard error of 3.18) by
teachers with 5 to 9 years of experience, and 24.22 percent (standard error of 3.38) by teachers with
less than 5 years of experience. Also, the estimated average mathematics achievement was 519.11
(standard error of 8.07) for eighth grade students taught by teachers with 20 years or more of
experience, 513.05 (standard error of 10.77) for students taught by teachers with 10 to 20 years of
experience, 503.68 (standard error of 17.14) for students taught by teachers with 5 to 9 years of
experience, and 485.34 (standard error of 8.45) for students taught by teachers with less than 5 years
of experience.
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Exhibit 3.20: Example SAS Program for Teacher-level Analysis (EXAMPLES.SAS)

LIBNAME T11 “<datpath>" ;
%INCLUDE "<macpath>JACKPV.SAS" ;

PROC SORT DATA = T11.BTMALLM5 OUT = BTMALLMS ;
BY IDCNTRY IDTEACH IDLINK ;

PROC SORT DATA = T11.BSTALLM5 OUT = BSTALLMS ;
BY IDCNTRY IDTEACH IDLINK ;

DATA MERGED ;
MERGE BTMALLM5 (IN = INBTM)
BSTALLM5 (IN = INBST) ;
BY IDCNTRY IDTEACH IDLINK ;
IF INBTM AND INBST ;

DATA MERGED ;
SET MERGED ;

WHERE NMISS (BTDGO1) = O ;
PROC FORMAT LIBRARY = WORK ;

VALUE COUNTRY
< list TIMSS 2011 country formats > ;

VALUE BTDG

""20 YEARS OR MORE™

"AT LEAST 10 BUT LESS THAN 20 YEARS"
"AT LEAST 5 BUT LESS THAN 10 YEARS"
"LESS THAN 5 YEARS" ;

A WNPE

%JIACKPV (MATWGT, JKZONE, JKREP, 75, IDCNTRY BTDGO1, BSMMATO, 5, MERGED) ;

PROC PRINT DATA = FINAL NOOBS ;
VAR IDCNTRY BTDGO1 N MATWGT MNPV MNPV_SE PCT PCT_SE ;
FORMAT IDCNTRY COUNTRY. BTDGO1 BTDG. N 6.0 MATWGT 10.0
MNPV MNPV_SE PCT PCT_SE 6.2 ;

Exhibit 3.21: Output for Example Teacher-level Analysis (EXAMPLE 5)

IDCNTRY BTDGO1 N
AUSTRALIA 20 YEARS OR MORE 2096
AUSTRALIA AT LEAST 10 BUT LESS THAN 20 YEARS 1395
AUSTRALIA AT LEAST 5 BUT LESS THAN 10 YEARS 888
AUSTRALIA LESS THAN 5 YEARS 1350
BAHRAIN 20 YEARS OR MORE 966
BAHRAIN AT LEAST 10 BUT LESS THAN 20 YEARS 2295
BAHRAIN AT LEAST 5 BUT LESS THAN 10 YEARS 732
BAHRAIN LESS THAN 5 YEARS 448
ARMENITA 20 YEARS OR MORE 3508
ARMENITA AT LEAST 10 BUT LESS THAN 20 YEARS 1716
ARMENITA AT LEAST 5 BUT LESS THAN 10 YEARS 200
ARMENITA LESS THAN 5 YEARS 134
CHILE 20 YEARS OR MORE 2788
CHILE AT LEAST 10 BUT LESS THAN 20 YEARS 878
CHILE AT LEAST 5 BUT LESS THAN 10 YEARS 689
CHILE LESS THAN 5 YEARS 1166

MATWGT

68987
40605
33462
45721

2317
6492
2077
1152

21506
10255
1423
999

116439
35914
31741
52819

MNPV

519.11
513.05
503.68
485.34

433.48
404.07
403.36
429.50

466.66
464.48
473.15
474.44

415.30
416.01
421.22
421.27

MNPV_SE

10.

PN WN
al
[}

PP ww
W
N

WNN W
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A

3.9 TIMSS Analyses with School-level Variables

Because TIMSS 2011 has representative samples of schools, it is possible to compute reasonable
statistics with schools as units of analysis. However, the school samples were designed to optimize
the student samples and the student-level estimates. For this reason, it is preferable to analyze
school-level variables as attributes of students, rather than as elements in their own right. Therefore,
analyzing school data should be done by linking the students to their schools.

In general, to perform analyses using the school background data files, users should do the
following:

1. Identify the variables of interest in the school and student background data files and note any
specific national adaptations to the variables.

2. Retrieve the relevant variables from the school background data files, including analysis
variables, classification vari