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TIMSS Data Analysis 2
An In-depth Analysis of Achievement Gaps

Between 7th and 8th Grades in the TIMSS Database

Abstract

Middle school data from the Third International Mathematics and Science Study
(TIMSS) are analyzed in this study to compare achievement difference between adjacent
grades. To facilitate this computer-based data analysis, a SAS program has been
developed to transposé matrices of the item scores in more than forty countries. The
results indicate that not all TIMSS items have a higher mean score at the upper grade in
each nation. Features of the item construction have been discussed to disentangle the
issue of reflecting grade gaps in mathematics and science achievement. These analyses

may help enrich understanding of other comparative studies using the TIMSS benchmark.
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An In-depth Analysis of Achievement Gaps

Between 7th and 8th Grades in the TIMSS Database

The Third International Mathematics and Science Study (TIMSS) is the largest
and most ambitious project in comparative education. In the released data from middle
schools, TIMSS researchers gathered student scores at 7th and 8th grades from around
forty countries. One of the key factors behind the achievement difference is the increase
of learning experience between these adjacent grades that accounts for 12.5% of students'
school life. Given the average scores of a test item, students at the upper grade are
generally expected to outperform their peers at the lower grade in each nation. To date,
this pattern of score improvement has not been confirmed by TIMSS ﬁridings at the item
level. The purpose of this investigation is to examine the item score difference between
adjacent grades in each of the TIMSS participating nations. As more educators consider
using the TIMSS benchmark to evaluate school effectiveness (Martin, Mullis, et al.,
1998; Mullis, Martin, et al., 1998), results of this study may facilitate interpretation of the

assessment results in an international context.

Literature Review
In the existing TIMSS reports, item scores have been aggregated into total scores
to reflect the overall mathematics and science performance in each nation. Within each
subject, subcategories were developed to group TIMSS items in specific content domains
(Beaton, Martin, et al., 1996; Beaton, Mullis, et al., 1996). Still, some researchers

recognized limitations of the aggregated total scores. Schmidt, McKnight, Cogan,
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Jakwerth, and Houang (1999) observed,

TIMSS achievement reporﬁng thus far has been limited to global mathematics

and science scale scores and to reporting the national percentages of items correct

in a set of six 'reporting categories' in both subjects. These reporting categories
were still so broad - as the global scores obviously were - as to include somewhat

disparate items. (p. 117)

Beyond the designated categorizations for TIMSS reporting, more specific
investigations can be conducted on test scores at the item level. Regardless of the
contextual differences among various nations, it is incomprehensib'le to observe a drop of
academic achievement on the same set of test items as students move from a lower grade
to a higher grade within that country. Although TIMSS is not a longitudinal study, the
average difference in academic performance can be employed to measure the cross-
sectional gap between the adjacent grades in each nation. If the test content is covered by
a curriculum at the upper grade, the results will show an increase in academic
achievement. In addition, maturation and cognitive development are also in favor of the
senior students, causing higher scores at the upper grade (Peterson, 1986; Walker &
Madhere, 1987). Whereas school curricula may vary across different countries, the
between-grade comparison is made within each country, and thus, the item performance
can be linked to the domestic condition of science and mathematics education. Schmidt,
et al. (1999) asserts that "it is precisely these content-specific differences among items
that make achievement assessments curricularly sensitive” (p. 116). In this regard, the in-

depth analysis of item scores may not only help interpret empirical measures of the grade
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difference within each country, but also facilitate a comparison of the curricular

emphases among different nations.

Methods

A straightforward approach to checking the score difference is to subtract item
mean scores between the adjacent grades. If this issue involves only one item or a few
items, the subtraction can be easily completed through hand-calculations. Unfortunately,
the TIMSS instrument includes 429 multiple-choice, 43 short-response, and 29 extended-
response items (Lange, 1997), requiring more than 501 comparisons for each nation. To
cover the comparisons of item performance across multiple grades in around forty
countries, the overall computing operation involves a total of 21,042 subtractions. This
number does not include Israel and Kuwait due to their single-grade participation in the
TIMSS middle-school investigation. Other countries like Sweden and Switzerland have
gathered data from three adjacent grades, and thus, demand more effort on the
computation. Without a computer program, no researchers have made the detailed
comparisons of item scores in all countries (http://www.timss.org/timss1995i/Items.
html).

A technical difficulty of the statistical computing hinges on the existing data
structure. Using standard statistical software packages, such as SPSS or SAS, one can
easily obtain the item mean scores for each grade. The results may be exported into a
new database that contains the information of country, grade, and item performance.
However, because the mean scores from different grades and countries are listed under

variables in various columns (see Table 1), no statistical procedures in SAS or SPSS can
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be employed to systematically cglculate the mean score difference between adjacent rows
of the same column (personal communication with technical consultants at SAS and
SPSS, June 14, 2001).

After consulting with statisticians of several software companies and TIMSS
- experts at Boston College, three steps have been taken to re-organize the mean-score
database for statistical computing. In the first step, the following SAS codes aré
employed to transpose the list of variable names in Table 1 into a column in Table 2:

proc transpose data=TIMSS95 out=new;

by n idcntry idgrader; |

var BSMMAO1 BSMMA(02 BSMMAGO3 ... ;

Insert Tables 1 & 2 around here

In the second step, a LAG function is introduced to calculate the mean score
difference. This function is available in both SPSS and SAS. SPSS (1988) clarified,
"PREV4=LAG (GNP, 4) returns the value of GNP for the fourth case before the current
one" (p. 122). The equivalent statement in SAS is PREV4=LAG4(GNP) (SAS Institute,
1990). Accordingly, assuming coll to be the variable of item mean scores for each grade
in each nation, LAG(colI) contains data that have one-case lag from data in the original
coll column. The score subtraction between adjacent grades can be completed by an
internal DIF function equivalent to [coll-LAG(coll)] (SAS Institute, 1990), i.e.,

mean_diff = dif(coll) (Table 3).
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.Inevitably, because mean scores are arranged by grade and country, the mean_diff
computing also includes score subtractions between the last record of the previous
country and the first record of the next country. In the transposed data structure (Table
2), these records are linked to different items in adjacent countries. As scores from
different items often deal with different tasks, a lower grader in Japan may ﬁot
necessarily score lower than a higher grader from South Africa on different test items. In
the third step, a SAS command "if first.idcntry then mean_diff=.;" is issued to remove the
subtraction results across the country borders. In addition, a statement “if mean_diff <
0;” is employed to select these items that have resulted in higher average scores at the
lower grade i'n each country. The entire SAS program is gathered in Table 3 to
implement the three-step approach. Because the LAG function is also available in SPSS,

this approach can be readily adapted in SPSS-based TIMSS data analyses.

Insert Table 3 around here

Results
Before starting the data analysis, the author first calculated item scores to ensure
that the results match the released item scores in TIMSS reports (Beaton, Martin, et al.,
1996; Beaton, Mullis, et al., 1996). The transpose of the data matrix was completed
through collaboration with a SAS consultant (SAS Tracking Number: us5512465): The
SASLOG file has been examined to confirm that there were no syntax mistakes in the

computer program. A portion of the final output has been copied in Table 4 for
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illustration. Results of the comprehensive item analysis for all participating countries are

assembled in Table 5.

Insert Tables 4 & 5 around here

Inspection of Table 5 suggests thaf not all TIMSS items have resulted in a higher
mean score at the upper grade level. This pattern exists in all participating nations except
for those that gathered data from a single grade (Table 5). The issue of having a higher
score at the lower grade level also varies among the nations. In Belgium (Flemish) and
South Africa, more than one hundred items have obtained a higher score at the lower
grade. On the other hand, in Lithuania, only six items have this problem. The number of
the seemingly problematic items for U.S. is 22, less than that of top performing countries,

such as Japan (25), Korea (51), and Singapore (24).

Discussion
To disentangle the issue of performance between adjacent grades, features of the
TIMSS items should be examined in an international context. Because of the existence
of variations in curriculum coverage, development of the TIMSS instrument involves
negotiations and compromises among researchers from different participating nations.
As aresult, not all items fit the assessment needs in each country. Under this general
premise, following items can be employed to illustrate some of the technical issues in the

mathematics and science benchmarking.
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. Not all questions are developed to fit the curriculum at middle school level
One of the TIMSS item reads

R12. Subtract: 6000
- 2369

Across all participating nation, no difference was found in the percentage of correct
responses (86%) between the adjacent grades in middle school (http://www.timss.org/
timss19951/Items.html). Lower grader in more than one third of the countries (i.e., 16
countries) even had a higher average score on this item. This type of questions may seem -
too simple for the 7th and 8th graders in most nations. When this item was tried at the
elementary school, 71% fourth graders already had the correct answer (http://www.timss.
org/timss1995i/Items.html). Therefore, it is fair to conclude that some of the TIMSS
items were not designed to reflect the score differehce between adjacent grades.
. Not all items are written with terminologies familiar to international students

The following is a science item in the TIMSS test:

FO1. A small animal called the duckbilled playtypus lives in Australia. Which
characteristic of this animal shows that it is a mammal?

While the mammal characteristics have been covered by biology curricula in many
nations, it remains unclear whether students in other nations knew the duckbilled
playtypus in Australia. The answer. could be negative in the United States. The U.S. data
indicated that lower graders achieved a higher average score than their peers at the upper
grade. In addition, similar problems existed in 10 other countries that had two or more
grades participated in the TIMSS test.

. Not all items provide clear information for precise comprehension

10
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One of the TIMSS items showed four geometric angles in picture, and questioned:
“Which of these angles has a measure closest to 30°?” (Item N15).

Apparently, the word “closest” does not imply “exactly equalito”. A careful
measure of the four given angles indicated that one of them was exactly equal to 30°.
Therefore, this choice may not seem appealing to some students. However, this was the
correct answer according to the TIMSS grading code (http://www.timss.org/timss19951/
Items.html). Consequently, one third of the TIMSS participatiné countries, including the |
top performing ones like Singapore, Japan, Korea, and Hong Kong, had lower average
scores at the upper grade. Similar confusion can be found on another ice-cube questionl
(Item Q18) discussed by Wang (1998).

Despite the existence of vaﬁous issues in the item construction, it should be
acknowledged that TIMSS represents the most extensive comparative study that has ever
been undertaken. Thus far, technical concerns have been raised on reporting of the
imputed achievement scores under a balanced incomplete block (BIB) design (Wang,
2001). To help reduce the variation of imputed scores within each nation (see Mislevy,
1991; Mislevy, Johnson, & Muraki, 1992), i; is important to ensure that the test
instrument is appropriate for measuring student achievement in the adjacent grades. In
this regard, the preliminary item checking in this investigation may serve as an initial step

toward improving the future comparative studies using the TIMSS benchmark.

11
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Table 1

Mean score layout from SAS PROC MEANS

IDCNTRY IDGRADER BSMMAO1 BSMMAO2 BSMMAO3
840 low # # #

up # # #
890 - low # # #

up # # #
Note:

IDCNTRY - country codes
IDGRADER - grade codes
BSMMAUQOI, ... — TIMSS item names

14




Table 2

Partial transpose of mean score layout from SAS PROC MEANS

IDCNTRY IDGRADER _Name Coll

840 low BSMMAO1 #
up BSMMAO1 #

890 low BSMMAO1 #
up BSMMAO1 #

840 low BSMMA02 #

. up BSMMA02 #

890 low BSMMAOQ2 #
up BSMMA02 #

Note:

_Name _ - a default variable created by SAS to contain item names;

Coll a default variable created by SAS to contain item scores.

Y
R




Table 3

SAS statements to compute item score difference between adjacent grades

* IDCNTRY - country names;

* IDGRADER - grades;

* TOTWGT - sampling weight;

* BSMMAO1 — BSESZ02B (TIMSS item scores);

* (after reading the TIMSS data into SAS);

proc sort;
by idcntry idgrader;

proc means noprint;

class identry idgrader;

var BSMMAO1--BSESZ02B;

weight totwgt;

output out=new(where=(_type =3)) mean=;

data two;

set new;

n=n ;

proc transpose data=two out=three;
by n idcentry idgrader;

proc sort;
by name _idcntry idgrader;

data last;

set three;

drop n;

by name_idcntry idgrader;
mean_diff=dif(coll);

if first.identry then mean_diff=.;

if mean_diff=. then delete;
if mean_diff<0;

proc sort;

by name ;

proc print;

var IDCNTRY IDGRADER _NAME _mean_diff;
run;




Table 4

A Portion of the SAS output on the item score difference between adjacent grades

The SAS System

Obs IDCNTRY IDGRADER _NAME_ mean_diff
‘1 56 upper grade BSEMSO1A -0.001420
2 57 upper grade BSEMSO1A -0.022135
3 200 upper grade BSEMSO1A -0.002229
4 344 upper grade BSEMSO1A -0.015927
5 717 upper grade BSEMSO1B -0.001311
6 56 upper grade BSEMS02A -0.057584
7 608 upper grade BSEMS02B -0.007636
8 608 upper grade BSEMS02C -0.008507
.9 56 upper grade BSEMTO1A -0.024618
10 608 upper grade BSEMTO1A -0.001019
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Table 5

Number of items resulting in higher average scores at the lower grade level

Country Number of Items
Australia 12
Austria 34
Belgium (FL) 131
Belgium (FR) 57
Canada 19
Colombia 57
Cyprus 38
Czech 29
Denmark 21
England 25
France 15
Germany 40
Greece 18
Hong Kong 41
Hungary 22
Iceland 43
Iran 60
Ireland 31
Japan 25
Korea 51
Latvia 12
Lithuania 6
Netherlands 58
New Zealand 11
Norway 21
Philippines 81
Portugal 24
Romania 30
Russia 20
Scotland 10
Singapore 24
Slovak 30
Slovenia 28
South Africa 102
Spain 20
Sweden 39
Switzerland 25
Thailand 32
u.s. 22
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