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Executive Summary

Since the release of results from the Third International Matherﬁatics and Science Study
(TIMSS) in 1996, scholars have recognized that the central importance of TIMSS lies in its
contribution to a better understanding of factors that are responsible for cross-national
differences in average student achievement. Among many such factors may be differences in

student ability and motivation to perform the task of completing the TIMSS achievement tests

.in math and science. In fact, national differences in math and science achievement scores may

be determined more by differences in student test-taklng ability and motivation than by

. differences in student knowledge of math and science content. This possibility is explored in

the research reported here.

Unfortunately, TIMSS contains no direct measures of student ability and motivation.

- Consequently, we created a new variable, Student Task Persistence (STP), that is an index of -

student engagement in the task of providing answers to questions contained in the TIMSS
student backaround questionnaire. Accordingly, the STP variable is defined operationally as
the extent to which an individual student persists in providing answers to questions from the
student background questionhaire, as measured by the percentage of questions answered out
of all questions that were asked. We interpret this variable as an index of the ability, motiva-
tion, and willingness of students to perform the tasks of answering questioné contained in
background questionnaifes. The purpose of this research was to investigate the possibility that

cross-national differences in math and science achievement can be partly explvained by this

" index (i.e., STP).

In the absence of past reseérch o‘n (or theory about) STP, we propose a three-factor
framework to conceptualize possible underlying response processes that, either singly or in
various combinations, could account for variation in STP. These factors identify hypothetical
differences among students in terms of (a) their ability to pérform the TIMSS task (e.g., to read
fhe questions, to understand the task, and to place marks on an answer sheet), (b) their
motivation to work hard at the TIMSS task (e.g., to follow the instrdctioné, to stay focused on’
the task, and to try to identify the best answer), and (c) their willingness to estimate or guess
correct answers (i.e., to answer questions without being certain of the correct answer).

Although the STP variable i is based on responses to the student background questionnaire, |t

is plausible that these three response processes are also involved in student performance on
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TIMSS achievement tests in math and science. However, in addition to the response proc-
esses of test-taking ability, motivation, and willingness to guess, performance on such
achievement testsAaIso require specific knowledge about math and science content. By
contrast, this content knowledge is not relevant to answe‘ring questions from the student

background questionnaire.

Methods

The data source was the TIMSS Student Questionnaire and TIMSS achievement tests in
math and science that were administered to national probability samples of students at grades |
3,4,7, and 8, and during the final year of secohdary school. The cross-national relationships
between the newly constructed STP variable and students’ performance on the TIMSS math
and sciehce achievement tests were examined. In addition, multilevel analyses were under-
taken to assess simultaneously the relationships between STP and achievement scores at the
student, classroom, and national levels. To investigate whether observed relationships
between STP and achievement scores in math and science were an artifact of anomalies in
the data or confounding variables, five subsidiary analyses were made to control for outliers,
composition of the sample of nations, length of the student que‘stionnaire, order of achieve- -
ment tests and student questionnaire administrations, and type of multilevél estimation

method.

Results
Bivariate analyses showed statistically significant correlations at all five grade levels
between national mean STP scores and mean math and science scores. Particularly strong

national-level coefficients of determination (r2) of STP with math and science scores (.62 and

" 60, respectively) were observed at the 8th gréde level.

Of the total variability in math achievement (across all students from all TIMSS nations, as
averaged for grades 3, 4, 7 and 8), about 27% was attributed to differences among nations,
another 20% was attributed to differences among classrooms within nations, and the remain-
ing 53% was attributed to differences among students within classrooms. Of these three
compohents of vafiation in math achievement, the STP variable accounted for about 53% of
between-nation variability, 22% of between-classroom variability within nations, and 7% of the
between-student variability within classrooms. In sum, the STP variable alone explained about
22% of the total variability in math achievement across all students from all nations. Similar
relationships between STP and science achievement were found at the national level.

iv
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| All these relationships persisted after controlling for outliers, composition of the sample of
nations, and type of multilevel estimation method. Furthermore, the length of the student
questionnaire and the order of achievement test and questionnaire administration did not

underlie or account for the observed STP-achievement score relationships.

Conclusion

Based on this évidence, the STP variable is important for two reasons. First, it represents
the only available indicator of student ability and motivation‘ to perform the tasks required by
TIMSS. Second, it is one of the strongest predictoré of national differences in math and
science achievement. At the 8th grade level, at least, national mean STP.scores accounted for
well over half the variation in national mean math and science achievement scores, thereby
leaving less than half the national-level variation in achievement to be accounted for by other
factors such as student knowledge of math. and science content. Thus, in _seeking to under-
stand why nations differ in average student achievement, it is necessary to recognize non-
academic factors, such as student chara;teristics, as major sources of cross-national variability

in math and science achievement.
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Introduction

Since the release of results from the Third International Mathematics and Science Study
(TIMSS) in 1996, there has been great interest in the national rankings of academic achieve-
ment by the mass media, policy makers, p_rofessionals,' and researchers in fhe U.S. and else-
where. However, the sponsors of TIMSS have maintained consistently that the central impor-
tance and value of this suryey do not lie Vin computing national rankings, but rather in the much
mofe complex and difficult process of understanding the factors that ‘are responsible for cross-
national variation in student achievement (e.g., Peak, 1996).

To this end, TIMSS provides information about a wide array of variables that can be ana-.
lyzed as potential predictors of national differences in achievement. These variables pertain to .
(a) student background and behavior, (b) student attitudes, beliefs, ahd perceptions, (c) instruc-
tional factors, (d) school factors, and (e) national demographic and economic factors.

However, TIMSS does not provide direct measures of student ability or motivation that might

_account for national differences in achievement. Such measures could be of two types: (a) gen-

eral measures of ability (i.e., academic aptitude) and motivation to perform tasks such as leaming
math and science knbwledge in school, dr (b) specific measures of ability and motivation to per} ‘
form the TIMSS test-taking task. Specific ability for the TIMSS task might include the ability to
read the qUestions, to understand the task, and to place marks on an answer sheet. Similarly,
specific motivation to work hard at the TIMSS task might include motivation to follow the instruc-
tions, to stay focused on the task, and to try to identify the best answer. It is possible that differ-
ences in national average math and science achievement scores are determined more by national

differences in test-taking ability and motivation than by national differences in student knowledge

- of math and science content. This possibility is explored in the research reported here.

Unfortunately, no research has been reported on student ability specifically to perform the
test-taking task (e.g., the ability to read and understand test queétions), With respect to student
motivation to perform a test-taking task, however, O'Neil, Sugrue, _Abedi, Baker, and Golan (1997)
investigated the effect of a monetary incentive (per test item completed correctly) on student pér-
formance on released items from a math test administered by the National Assessment of Educa-
tional Progress in 1990. The monetary incentive was shown to improve both student motivation to

perform the math test a_nd performance on the test at the 8th grade level (but not at the 12th grade
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IeveI');. Related research has shown direct relationships between student math self efficacy beliefs
and performancé on math test items (Pajares, 1996). The findings from these studies suggest that
student performance on math tests is related, at least under some conditions, to their motivation
to perform the test-taking task.

Schmidt, Wolfe, and Kifer (1992) investigated a different possible source of natib‘nal differ-
ences in math achievement test performance. They reported national differences in the tendency
of “students in some systems to omit responding when they are evidently unsure of their knowl-
edge contrasted to the behavior of students in other systems to try to answer each question—per-

haps by ‘guessing™ (p. 89). They observed that the interpretation of math achievement test per-
formance “also hinges oh an understanding of the students’ response processes, which are as
much psychological as mathematical” (p. 88). Schmidt et al: concluded that studeht test scores
reflect much more than the kndwledge of math and science needed to answer test questions cor-
rectly. A A '

In light of what is known from the studies reviewed above, it is plausible to speculate that na-

tional differences in student achievement are related to national differences in student test-taking

“ability, motivation, and 'Willingness to estimate or guess correct answers in performing the task of

completing the TIMSS achievement tests in math and science. In the a'bsenceof direct measures
of student ability and motivation in TIMSS, we created a new variable from available data,

henceforth referred to as Student Task Per5|stence (STP). We interpret STP to be an index of

student ability, motivation, and W|II|ngness to estimate correct answers in performing the task of

answering questions contained in the student background guestionnaire. The purpose of this

research was to investigate the possibility that cross-national d'ifferences in math and science

achievement can be partly explained by this index of a ‘student characteristic (i.e., STP).

Student Task Persistence (STP)

Students participating in TIMSS are asked to answer a large number of background ques-
tions in the Student Quesfionnaire, covering a wide range of topics such as student characteris-
tics, learning assets in the home, out-of-school aciivities, attitudes about learning math and sci-
ence, and the like. Although ail students are expected to prbvide answers to all questions con-
tained in this Questionnaire, they differ appreciably in the degree to which they actually do so.
The STP variable is a measure of student engagement in the task of providing answers to
duestions contalned in the TIMSS student background questlonnalre Thus, the STP variable is

defined operatlonally and quantified as:

The lack of such an mcentlve effect at the 12th grade level was rephcated by O'Neil, Abedi, Lee, Miyoshi, and
Mastergeorge (2002) with TIMSS math test items.
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The extent to which an individual student persists in giving answers to particular
questions from the student background questionnaire, as measured by the percent-
age of questions answered out of all questions asked.?

In the absence of past research on (or theory about) STP, we propose a three-factor frame-
work to conceptualize possible underlying response processes that, either sihgly orin vafious
combinations, could account for variation among students in STP. These factors identify hypo-
thetical differences among students as they respond to the TIMSS student background ques-
tionnaire: o ‘ ' _ :
1. Ability to perform the task (e.g., to read the questions, to understand the task, and to place .

marks on an answer sheet), ,

2. Motivation to work hard at the task (e.g., to follow the instructions, to stay focused on the
task, and to try to identify the best answer), and |

3. Willihgness to estimate or guess correct answers (i.e., to answer questions without being
certain of the correct answer). ' '

'It is plausible that these response proceéses (ability, motivation, and willingness to guess)
are also involved in student performance on TIMSS achievement tests in math and science.
However, such tests also require specific. knowlédge about hath and science content. But this
content knowledge_is not relevant to answering questions from the student background ques-

- tionnaire.

The main emphasis of this research was on exploring the relationship between the STP in
dex and variation in student math and science achievement scores averaged at the national
level. We also analyzed such relationships at the classroom and student levels. Thus, another
novel aspect of this research was the use of a multilevel analysis method that estimated the re-
lationship betweeh STP and achievement scores simultaneously at three levels (student, class-
room, nation),} thus extending the analyses of STP to the student and classroom levels and pro-

vided for a compérison of the predictivé power of STP across these three levels.

, ~ Research Methods
Data Source _ v ,
TIMSS Student Questionnai're and TIMSS.math and scienbe achievement test data col-
lected in 1995 from national probability samples of students at the 3rd, 4th, 7th, and 8th grades,

ahd during the final year of secondary school, were used for these analyses. The number of na-

Note that a student's STP score is combuted from responées to the Student (background) Questionnaire, not from re-
sponses to the TIMSS achievement tests.
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tions participating in TIMSS with reasonably complete sets of data varied from 22 to 41 (de- -
pending on grade level), while the numbér of students included in each national probability
sample-varied by nation and grade level (Table 1). See Martin and Kelly (1996, 1997) for a
_technical description of TIMSS. ‘ "

Outcome Variables

The outcome (or dependent) variables were student achievement measures; specifically,
TIMSS student achlevement scores in math and in science at the 3rd, 4th, 7th, and 8th grades,
and at the end of secondary school. The comprehensnve (i.e., full- scale) scores for math and sci-
ence (as distinguished from sub-scale scores for algebra, geometry, physics, biology, etc.) were -
used in these analyses. - '
Predictor Variable

Our focus was on a single predictor (or independent) variable (STP) defined as the per-
centage of particular que‘stions each student answered out of all questioné asked in the TIMSS
Student Questionnaire. This questionnaire is composed of 32 main items (with an average of
about five sub-items each) covering a wide range of topics. Although all students were expected
to answer all applicable sub- items, the fact is that students differed in the degree to which they
actually did so. Thus, STP is an index of the persistence shown by students in completing the

questlonnalre fully. It is referred to below as the STP score.

Table 1. Third International Mathematics and Science Study (TIMSS 1995): Sample sizes of stu-
dents, classrooms and nations used in multi-level analyses for grades 3, 4, 7, and 8 -

TIMSS Sample Sizes

Grade ' ' Students Classrooms - " Nations

Third 81,332 4,042 24
Fourth : 94,704 4,531 26
Seventh - 136,137 5950 © 39

"~ Eighth . 146,883 - . 6,442 41
End of Secondary - 55684 2900° . 22

Note; Data from the Third International Mathematics and Science Study (TIMSS 1995).

#A mixture of classrooms and schools. Twelve nations sampled students w1th|n classrooms w1th|n schools, while ten -
natlons sampled students within schools.




Analysis Methods

Bivariate Analyses. Initial bivariate analyses evaluated relatlonshlps between natlonal
mean STP scores and national mean math (and science) achievement scores for the 3rd, 4th,
7th, and 8th grades, as well as to the final year of secondary school4. In these computations the
unit of analysis was nation, with the number of observations (N) determined by the number of
nations providing questionnaire data. The bivariate relationships were quantified by product-

. moment correlation coefficients. o

' Multilevel Analyses. Multilevel analyses of math achievement scores® were performed
next because this method provided estimates of the relationships between STP and achieve-
ment scores simultaneously at the three levels of student, classroom, and nation. An exponen-
tial transformation of the STP variable was performed first to improve the linearity of STP-
achievement relaﬁonships at the student and classroom levels. The multilevel analyses were
based on a group-centered contextual model whose parameters were estimated via the re- .
stricted maximum likelihood (REML) method of hierarchical Iinéar modeling (HLM) (Bryk &
Raudenbush, 1992). TIMSS sampling weights were used at the classroom and student levels.
Nations were weighted edually. This méthod of analysis permAits computatiori of components of
achievement variation attributable to each of the three levels, and of the proportion of achieve-
ment variabillity within each level that is associated with STP. | | | _

Control Conditions. To investigate whether observed relationships between STP and |
achievement scores in math and science were an artifact of anomalies in the data or confound- |
ing variables, five subsidiary analyses were undertaken.

1. Outlier Analysis: Ih the cross-national bivariate analyses,. an outlying nation (or nations)
can distort the general relationship between variables by either exaggerating or deflating
the observed correlation. Therefore, scatterplots were constructed for all bivariate relation-
ships between national mean STP scores and mean achievement scores to identify by in-
spection any distinctly outlier nations. Such nations were tﬁmmed (i.e., removed from the o
sample) and the bivariate relationships were recomputed. Both non- trlmmed and trlmmed
correlations are reported. _

2. Composition of Sample of Nations. In the cross- natlonal blvarlate analyses, a correlatlon
between national mean STP scores and mean achievement scores observed at one grade .
level based on one set of nations (e.g., 4th grade with 26 nations) could be quite different.

than a correlation observed at a different grade level based on a larger set of nations (e.g.,

® Multilevel analyses were not performed with science achievement scores because the TIMSS sampling design re-
sulted in poor matching between students and science teachers (who represented the classroom level). This pre-

~ cluded a classroom leve! analysis because the linkages needed to estlmate classroom leve!l variables for a nation
were not sufficiently valid.
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. 8th grade with 41 nations). To determine whether an observed differenoe between correla-

tions at two grade levels was an artifact of the composition. of the sample of nations on
which they were based, such correlations were also com'pu,ted using the same set of na-

tions at both grade levels.

. Length of Student Questionnaire. The number of responses students were expected to '

make to questions and subquestions (i.e., particular items) included in student question-
naires varied considerably by nation at all TIMSS grade levels (3rd, 4th, 7th, 8th, and the
end of secondary school). This variability was highest at the 7th and 8th grade Ievels be-
cause nations could elect to administer one of two versions of the student questionnaire
[one was labeled the “Student Questionnaire: Population 2, while the other included more.
questions about studying specific sciences (i.e., biology, earth sciences, chemistry, phys-
ics) and was labeled the “Stu_dent Questionnaire: Population 2(s)]. It was therefore possible

that national mean student item response percentages (i.e., the national STP score) rnight ‘

-simply decline due to student fatigue or disinterest as the number of items included in the

questionnaire increased. Therefore, the mean number of items included inthe student

questionnaire as administered in each nation was computed, and correlated with national

. mean STP scores and national mean math scores to investigate whether these variables

were related.

. Order of Achievement Test and Student Questionnaire Administration. In the admini-

stration of TIMSS students first completed the math and science achievement tests and
next were asked to complete the Student Questionnaire (from which the item non-
responses were used to compute the STP score). It is therefore possible that the observed |
relationships between STP and student achievement scores might be an artifact of the or-
der in which the achievement tests and the student questionnaires were administered (i.e.,
the order hypothesis).'Specifically, to the extent that students perform poorly on the TIMSS
achievement tests, it is possible that they may tend to become diecouraged and disinter-
ested in completing diligently the subsequent questionnaire task (i.e. they will not try as

hard to complete the many questionnaire items, thereby yielding Iower STP scores). If so,

- variation in STP scores can be partly explained by the level of achlevement test perform-

ance, instead of vice versa. Therefore, furtheranalyses were performed to |nvest|g_ate this
matter. |f national mean STP scores are detern1ined by the achievement test performance
of individual students (i.e., the order hypothesis), then controlling for individual student
achievement (and thus the degree of potential discouragement) should equalize national
STP scores. Thus, for a given level of achievement across all students (e.g., students per-b
forming at the international 15th percentile on the math test), the national STP scores for a

6 .
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subgroup of students at the same achievement level should vary little. On the other hand, if -
the national STP scores vary greatly and similarly to the national STP scores for all stu-
dents, then it is clear that the level of individual achievement test performance does not ac- .
count for variation in national STP scores..Furthermore, if the national STP scores for these
subgroups of students are highly correlated with the original national STP scores based on
all students, then controlling fof individual achievement does not produce a change in na-
tional STP scores, thereby suggesting that the relevant determinants of STP exist at the
national level instead of the student level.
5. Type of Multilevel Estimation Method. The sample of nations included in TIMSS were
" not a random sample of nations in the world. Under this condition, K. D. Gregory (personal
communication, April 3, 2002) raised the possibility that the REML method of HLM could
produce biased results and that a Bayésian method of multilevel analyses via Gibbs sam-
pling should yield results that are not as susceptible to bias (Raudenbush Cheong, & Fotiu,
1994). Accordnngly, we used both the REML and Bayesian methods with 8th grade TIMSS
data to ascertaln whether the results produced by the two methods were substantially d|f-
ferent.
, 'Results
National-Level Bivariate Analyses |
As seen in the top row of Table 2 for the full samgl e of nations that participated in TIMSS at
each grade level, the bivariate correlations between national mean STP scores and mean math
scores were statistically significant at all five grade levels. Similar results for mean science -
scores are shown in the top row of Table 3, Parficularly strong correlations for both math and
science were observed at the 7th and 8th grade levels (coefficients of determination , ranged
from .52 to .62). Scatterplots of the STP-achievement score correlations for 8th grade math and
science are presented in Figures 1 and 2, respectuvely
Multilevel Analyses _ _ A
The results of the multilevel anélyses of méth achievement score variance (MSV) for
grades 3, 4, 7, and 8 are shown in Table _4. These anélyses for grade 8 show that, of the total
MSV (across' ail grade 8 students from all 41 TIMSS nations) about 30% was attributed to dif-
ferences among nations, another 21% was attributed to differences among classrooms within
nations, and the remaining 50% was attnbuted to differences among students within class-
rooms. Of these three components of MSV for grade 8, the STP variable accounted for 70% of
between-nation variance, 27% of between-classroom variance within nations, and 4% of the
between-student variance witnin classrooms. In. total, the STP variable alone explained 28% of

total MSV acrdss all grade 8 students from all 41 nations.



Table 2. Correlations of National Student Task Persistence (STP) Percentages with National Mean Mathematics
Achievement Scores: Bivariate Coefficients of Determination (rz) at Five Grade Levels with and without Outlier Na-

tions Trimmed -

Grade Level
: End of Secon-
Grade 3 Grade 4 Grade 7 Grade 8 dary
TIMSS :
Set of Nations  Statistic ~ Full Trimmed® Full Trimmed® Full Trimmed® Full Trimmed® Full Trimmed®
Full TIMSS P i 53 47 © .33 29 i .52 - 62 - .33 .00
Sample p< :.001 .001 : .01 .01 :..001 - .001 - .01 .79
_ _ (n) (24)  (23) : (26) (25 : (39) - (41, - (22)  (21)
Cohort Nations: P 33 29 ¢ 57 .57 '
4™ & 8" grades p< .01 01 001 001
(n) (26)  (29) (26)  (25) .
Cohort Nations: P 5 65 .20 i .37 .00
8" grade 8End ~ p< .001 .05 .01 .97
of Secondary (n) - (21) (20) ¢ . (21) (20)

Note. Data from the Third International Mathematics and Science Study (TIMSS 1995), IEA

*Trimmed refers to the exclusion of distinctly outlying nations from the correlational énalysis.

Table 3. Correlations of National Student Task Persistence (STP) Percentéges with Nationa/ Mean Science
Achievement Scores: Bivariate Coefficients of Determination () at Five Grade Levels with and without Outlier Na-

tions Trimmed

Grade Level
. , End of Secon- -
Grade 3 Grade 4 Grade 7 Grade 8 dary

~ TIMSS , :
Set of Nations  Statistic  Full Trimmed® Fuil Trimmed® Full Trimmed* Fuil Trimmed® Full Trimmed®
" Full TIMSS ? i .51 230 33 .13 ‘55 - 60 - 43 .0
. Sample p< {.001 .05 .01 .10 ; .001 - .001 - .001 .66

(n) (24)  (23) : (26) (25) : (39) oo 41) - - (22)  (21)
Cohort Nations: 12 © 33 13 54 57
4™ & 8™ grades p< 01 .10 001 .001 i -

(n) (26).  (25) | (26) (25)
Cohort Nations: P2 62 16 i 48, .03
8" grade &End  .p< .001 A0 i 001 .47
of Secondary (n) (21) (20) :  (21) (20)

Note. Data from the Third International Mathematics and Science Study (TIMSS 1995), IEA.

*Trimmed refers to the exclusion of distinctly outlying nations from the correlational analysis.
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Figure 1. National mean mathematics achievement scores in the 8th grade as a function of

national Student Task Persistence (STP) percentage (i.e., for each nation, the percentage of

specific items actually answered by students out of the total number of specific items asked in the
- TIMSS Student Questionnaire). Source: TIMSS:
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Figure 2. National mean science achievement scores in the 8th grade as a function of national
Student Task Persistence (STP) percentage (i.e., for each nation, the percentage of specific items’
actually answered by students out of the total number of spectfc items asked in the TIMSS
Student Questionnaire). Source: TIMSS.
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Table 4. Mulll-LeveI Analysis of Mathematics Achievement Score Vanance (MSV) As a Function of Student Task
Persistence (STP) in the 3% 4" 7" and 8" Grades

Level of Analysis

Grade - Analysis . Student  Classroom Nation Total

3rd A. Percent distribution of MSV® 56% 21% - 23% 100%
B. Percent of MSV attributable to STP® , 10% C19% 56% -
.C. Percent of total MSV attributable to STP® 6% 4% | 13% 23%
4th  A. Percent distribution of MSV* 54% 19% 27% 100%
‘B. Percent of MSV attributable to STP® 8% 18% 34% -
C. Percent of total MSV attributable to STP® 4% 3% 9% 16%
7th A. Percent distribution of MSV* : 53% - 19% 29% i 100%
B. Percent of MSV attributable to STP® 4% 22% 50% -
“C. Percent of total MSV attributable to STP® 2% 4% 15% 21%.
8th A. Percent distribution of MSV*® ' g 50% . 21% 30% 100%
B. Percent of MSV attributable to STP® i 4% - 27T% . 70% : -
C. Percent of total MSV attributable to STP® = 2% 6% 20% 28%

Note: Data from the Third International Mathematics and Science Study (TIMSS 1995).

"In Analysis A, the total math achievement score variance (MSV) among students in all nations partrcnpatrng in TIMSS
is distributed among three levels and sums to 100%. '

®In Analysis B, the percent of MSV, attnbutable to Student Task Persistence (STP), is recorded by level. These val-
ues cannot be summed.

“in Analysis C, the Row A percent is multiplied by the Row B percent to obtain the percent of total MSV attributable to
STP by level, and then summed across levels to obtain the percent of total MSV attributable to STP across levels.

As shown in Figure 3, the percentage distribution of MSV across the three Ievels (student,
classroom, nation) was similar for grades 3, 4, 7, and 8. Across these four grades there was a
small decline in the percentage attributed to the. student Ievel and a correspondrng small in-
crease in the percentage attributed to the natronal level.

" The amount of MSV explained by the STP variable by level (student, classroom natron) is
shown in Figure 4 for grades 3, 4, 7, and 8. Across these four grades, there was a considerable
decline in the percentage explained at the student level and a corresponding increase in the
percentage explarned at the national level. o ' _

The national-level results found with the multrlevel method (HLM) replrcated those from the
bivariate analysis. The percentage of MSV explained at the national level (as seen in Figure 4)
corresponded very closely with the bivariate coefficients of determination () reported in the first
row of Table 2 for the full sample of nations. This close correspondence was observed even
though the multilevel analysis was based on a-transformed STP variable. Thus, the strong
cross-national relationship between mean STP scores and mean math achievement scores was

found by two different statrstrcal methods at four grade levels.
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TIMSS.
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Control for Outlying Nations

Scatterplots were constructed to examine each national-level bivariate relationship based
on the full sample of nations (as Seen in the top rows of Tables 2 and 3) to determine if these
correlations were either inflated or deflated by one or more outlying nations. It was apparent that

the STP-achievement correlations at the 3" and 4™ grade levels were inflated substantially by

- outlying nations; as illustrated in Figure 5 for 4™ grade math (based on the untrimmed full sam-

ple). When the outlier nation (South Africa, as seen in the lower left quadrant of Figure 5) was
removed (i.e., trimmed), a Iowér correlation was obtained (see Figure 6 and the “trimmed” col-
umn of Table 2 for Grade 4). As seen in the top rows of Tables 2 and 3, this trimming procedure
was performed for grade 3 and 4 correlations in both math and science. '

In math the trimming of outlier nations did not result in substantial Iowerlng of these corre-

lations, and correlations with both the fu_II sample and the trimmed sample were statlstlcally sig-

nificant and substantial (timmed r? of .47 and .29 at the 3" and 4" grades, respectively). In
contrast, trimming in science substantially reduced the correlations and levels of statistical sig-
nificance at'grades 3 and 4. For students at the end of secondary school, top rows of Tables 2
and 3 show that there was no correlation between national mean STP scores and either mean
math or science scores when the one outlying nation was trirhrhed. |
Control for the Composition of the Sample of Natlons

After adjustments to the STP-achievement score correlations for outlying natlons were.
completed, we then addressed the possible influence of variation in the sample of nations on
which these correlations were based. In view of the strong STP-achievement score correlations

seen for both math and science at grades 7 and 8 and the lower correlations seen at grades 3,

-4, and the end of secondary school, further analyses were performed to investigate whether the

"lower correlations were an artifact of the different sample of nations participating in TIMSS at

grade 4 (sample of 26 nations), grade 8 (sample of 41 nations), and end of secondary school

(sample of 22 nations), or due to an inherent differerr_ce in the predictive power of the STP vari-

able as a function of grade level. This was addressed by controlling for the varying composition
of the sample of nations. Accordingly, analyses were repeated using only. the cohort of nations
that participated in TIMSS at both grades 4 and 8 (i.e., the subset of 26 nations) and only the
cohort of nations that participafed at both grade 8 and the end of secondary (i.e., the subset of
21 nations). Thus, any differences observed in the correlations would be related to age/grade
dlfferences rather than to sample composition. '

As regards the comparison of STP-achievement score correlations between grade 4 and 8,
controlling for the sample of nations and trimming outlier nations did not change substantially

the size of the grade 8 correlations for either math or science (seé the fourth row of Tables 2
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" Figure 5. Untrimmed Full Sample: National mean mathematics achievement scores in the 4th grade

- as a function of national Student Task Persistence (STP) percentage (i.e., for each nation, the
percentage of specific items actually answered by students out of the total number of specific items
asked in the TIMSS Student Questionnaire). Source: TIMSS.
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Figure 6. Trimmed Outlier Nation: National mean mathematics achievement scores in the 4th grade
as a function of national Student Task Persistence (STP) percentage (i.e., for each nation, the
percentage of specific items actually answered by students out of the total number of specific items
asked in the TIMSS Student Questlonnalre) Source: TIMSS. -
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and 3). This demonstrates a general trend in both math and science that the relationship of STP

with student achievement was somewhat larger at grade 8 than grade 4, and that this was not

-an artifact of sample composition.

Curiously, the opposite finding was seen when controlling for the composition of the sample
of nations in comparing the STP-achievement score correlations between grade 8 and the end

of secondary school. In this instance, controlling for the sample of nations and trimming outlier

~ nations appeared to wash out these associations in both grade levels (see trimmed correlations

in the seventh row of Tables 2 and 3). This finding demonstrates that the low end-of-secondary
trimmed correlations (seen in the top rows of Tables 2 and 3) were mainly a product of sarrrple
composition. This is further supported by inspection of the particular nations that were echu_ded _
from the grade 8 sample of nations to make it comparable to the sample participating at the end
of secondary. Specifically, among the 21 natlons excluded in the math analysis were all five of

the lowest sconng nations in math achlevement and all four of the highest scorlng natlons at

- grade _8. Thus, it is reasonable to assume that the range of national achievement scores was

severely truncated at the end of secondary schooll', fhereby reducing the probability of observing

a cross-national association of math achievement with STP.S It is therefore likely that, had all 41

' nations participated in TIMSS at the end of secondary, a substantial correlation between STP

‘and student achievement at the end of seeondary would have been observed.-

Control for Length of Student Questionnaire A

The mean number of particdlar items (i.e., questione and subquestions) included in the stu-
dent questionnaires were computed for each nation barticipating at each grade Ievel in TIMSS
(i.e., 3rd, 4th, 7fh, 8th, an'd end of secondary school)T Bivariate correlations between mean na- -

tional questionnaire items and mean math achievement scores were computed at each grade

~ level. Similar cross-national correlations between the mean number of questionnaire items and

national STP scores were computed at each grade level. None of these correlations ap-
proached statistical significance. Therefore, there is no evidence that the national-level correla-
tions between STP and math achievement were confounded with the length of the student

questionnaire.

4 The five lowest scoring nations (starting with the lowest: South Africa, Columbia, Kuwait, iran, and Po‘rtugal) and the

four highest scoring natlons (starting with the highest: Slngapore Korea, Japan, and Hong Kong) can be seen in the
Figure 2 scatterplot for g™ grade math.

Evudence for the plausrbllrty of this assumption about cross- grade correlations at the natlonal level comes from a
correlation of average math achievement scores between 7™ and 8" grades of +0.986, with an N of 39 nations.
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Control for Order of Achievement Test and Student Questionnaire Administration
In the administration of TIMSS, students first completed the math and science achievement

tests and next were asked to complete' the Student Questionnaire (the item non-responses to

~ which were used to compute STP scores). To control for the possibility that the observed rela-

tionships between STP and student achievement scores might be an artifact of the order in
which the achievement tests and the student questionnaires were administered, we computed
national mean STP scores (based on the exponentially-transformed STP variable described in
the method section for “Multilevel Analyses”) for students who scored between 390 and 410 on
the math test (i;e., the international 15th percentile, plus or minus 10 pdints). If students who
scored low on the math test became discoureged and disinterested in completing diligently the
subsequent questionnaire task, the variability of their national mean STP scores should be |
much lower than those computed from the full sample of students, and their national mean STP
scores shoUId not be correlated strongly with the STP scores computed from the full sample of
students. In other words, the degree ef discouragement experienced by a stUdent resulting from
poor performance on the achievement test should not depend on that student's n.ationality. Such
a dependence on nationality would suggest a national-level effect (e.g., national motivation to
persist on the TIMSS task) that is different than the individual-level effect of achievement test
performance enalyzed here. _ | _ | |
We also extended this Iogic‘to studen'ts who scored between 590 and 610 on the math test
(i.e., the international 80th percentile, plus or minus 10 points). Such students who scb_red high
on the math test presumvably would not became discouraged and disinterested in completing
diligently'the subsequent questionnaire task. Therefore, the variability of their national mean

STP scores should likewise be much Iowervthan'those computed from the full sample of stu-

_ dents, and their national mean STP scores should not be correlated strengly with the STP

' scores computed from the full sample of students. For comparison, we also examined the STP

scores of students who scored between 490 and 510 on the math test (i.e., the international
50th percentile, plus or minus 10 points). - | ,

The results of these analyses are shown in Table 5. It is apparent that the standard devia-
tions of national mean STP scores are not substantially lower in the three truncated national
samples (i.e., as drawn from the i_nterhational 15th, 50th, and 80th percentiles of math scores)
than in the full national sample. In addition, the national mean STP scores for the three trun-
cated 'samples are all highly correlated with the national mean STP scores in the full national
sample. Therefore, no evidence was found fo support the hypothesis that national-level STP

scores can be partly explained by the level of individual achievement test performance.
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- Table 5. Means and Standard Deviations of National Mean STP Percentages for Special National Samples of g"

Grade Students in Comparison with the Full National Samples of Students, and Cross-National Correlations of Na-
tional STP Percentages Based on Subsamples with National STP Perceptions Based on Full Samples

Three TIMSS Subsamples National STP Percentages® Cross-National Correla-
Based on Student - . tion (r) of Subsample
Math Score N Mean .  Std Dev. STP %s with Full Sam-
' . ' ple STP %s
ﬁ. International 15" Percentile 41 65.3% 10.7% .79

(Math Scores: 390-410)

. 2. International 50™ Percentile 41 . 76.4% 8.4% .82

(Math Scores: 490-510)

3. International 80" Percentile _ 40 82.3% 8.6% : .82»

(Math Scores: .590-610)

Full International Sample 41. 74.4% 10.9% - . -

Note: Data from the Third International Mathematics and Svcience Study (TIMSS 1995).
2STP Percentages: For each nation, the percentage of specific items actually answered by students out of the total

number of specific items asked in the TIMSS Student Questlonnalre These percentages were then exponentially
transformed (see Method Section).

Control for Type of Multilevel Estimation Method
Potential bias in the REML method of HLM estimation attributable to the non-random sam-

pling of nations in TIMSS was investigated using an altemative estimation method that has been

shown to produce relatively unbiased variance component estimates under such circumstances

(RaUdenbush, et al., 1994). This Bayesian method, known as Markov Chain Monte Carlo -
(MCMC) using Gibbs sampling, was implemented using eighth grade data. Non-'informative '
prior distributions® were defined for both the fixed and random effects. REML estimates were
used as the staring values for the Gibbs sampler After a 5,000 iteration bum-in perlod 25,000
draws were sampled from the posterior dlstnbutlon of parameter estimates.

The MCMC estimates of both the fixed and random effects were very'close to those from
the REML method. The variance partition of mathematics achievement from the MCMC method
was nearly identical to that of the REML method, With each MSV component within 1% of the
corresponding estimate from the alternative model. The within-nation fixed effects from the full

model were also within 1% of the corresponding original estimates, and the nation-level fixed .

. effect decreased by only 7%. The MCMC estimates of the percent of math achievement vari-

¢ See Congdon (2001) and Raudenbush & Bryk (2002) for a discussion of Bayesian modelmg and prior
dlstrlbutlons
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ance explained by the STP variable at each level were all within 1.5% of the corresponding

REML estimates. Therefore, no évidence was found to suggest' that the non-random sampling

of nations in TIMSS produced biased estimates of parameters under the REML estimation.

Discussion
In the absence of past research and theory in comparative education about the impact of

student test-taking ability and motivation on cross-national differences.in mean achievement

scores, the research reported here into a newly-created variable (STP) was the first to explore

such associations. In bivariate analyses, we demonstrated that national mean STP scores ac-
count for a large percehtége (frorh 13% to 62%) of the differences among nations in mean math
and science scores at grades 3, 4, 7, and 8. Though we did nbt observe a similar relationship
for students at the end of secondary school, results of our analyses also Suggest that a sub-
stantial percentage of the cross;national differences in mean math and science scores would
have been associated with STP if the sample of nations available for analyses at this level had
been as large and variable as that for'grade 8. In addition, we also demonstrated with multilevel
analyses that STP accounts for about 20% of the variability amohg classrooms (within nations)
in math achievement, andba'bout 7% of the variability among students (within classrooms).

In demonstrating these STP-achiévement score bivariate relationships at the national level,

we took into account both the impact of outlier nations and the grade-level differences in com- -

- position of the sample of nations on which the analyses were based. Further analyses demon-

strated that the national STP-achievement score relationships were not confounded with varia-
tion in the length of student questionnaires or the order in which the achievement tests and
student questionnaires were administered. | v :

These expldratory analyses have revealed a new and robust empirical phenomehon. Itis

robust in’th‘at itis observable in two subject matters (math and science). Itis robust in being ob- -

servable across several elementary and middle school grades, and at the national, classroom,

and student levels. With replication of the relationship between STP and achievement scores
across different national probability samples of students at éach grade studied, and by using
two statistical methods, there is strong evidence that the observed associaf_ions are reliable and
have Unusually high external validity. It is therefore appropriate and impbrtan't to ask: “what is
the significance of STP?” | | |
Significance of STP

The STP variable is cle"arly is a characteristic of individual students, specifically their pro’-.
pensity to provide answers to background questions (as distihguished from responses to

achievement test items). Under the framework for conceptualizing STP that we proposed, vari-
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ability in students’ prop'ensity to provide such answers reflects differences in their (a) abiiity to
perform' the questionnaire task, (b) motivation to perform'the task, and (c) willingness to make
estimates when the best answer is not clear. Whatever student characteristic(s) STP might rep-
resent, obviously it iS not a direct measure of knowledge about math or science concepts be-
cause the student background questionnaire (on which STP is based) does not contain ques-
tions pertaining to such knowledge. | v
Given this interpretation of STP and the partiCuIarly strong association of natioh mean STP
scores with national mean achievement scores in math and sciencé, it is apparent that national

differences in student achievement scores are based on mUch more than student knowledge of

math and science concepts. By 8th grade, well over 50% of the variance in these national mean

achievement scores cah_ be accounted for by variation in a single variable (STP) reflecting stu-
dent psychological process involved in test-taking. Thus, in seeking to understand why average

math and science achievement scores vary across-nations, it should not be assumed that this

- variability predominantly represents national differences in subject matter knowledge. Instead, it
is necessary to consider non-academic factors as major sources of cross-national variability in

‘achievement. In analyzing the results of the Second Intemational Mathematics Study, Schmidt

et al. (1992) similarly concluded that the interpretation of math test performance is “. . . as much
psychological as mathematical’ (p. 88).

In making these interpretations of the main findings of these analyseé, we do not imply that

‘variation in STP (an index of item non-responses to the Student Questionnaire) somehow influ-

ences or causes different levels of math and science test scores. (A limitation of TIMSS data is
that it is based on surveys, not on experimental manipulatioh of variables.) Instead, we cbhclude
that the bofh achievement test and questionnaire performances reflect‘some combivnatior‘\ of
three underlying (but not directly measuréd) psychological processes involved in test taking that
are represented in the STP variable.. | |
Implications for Comparative Education Research

Since over 50% of nationél mean differences in achievement test performance at the eighth
grade level are explained by'STP (as shown by our results), a question can be raised about how
much can be Ieérned about the educational determinants of student achievement by com.para-
tive education research. More particularly, it raises a question about the value of using cross-
sectional measures of cumulative student learning in math and science (i.e., cumulative during
all the years of their past schooling) as a means to evalu-ate the performance of natic_)nal educa-
tion processes, curricula, and systems. Nations do differ Substéntially in average»acader'nic _
achievement scores in math and science, but over half of cross-national variability can be attrib-

uted to a single non-educatiohal factor (STP). This dramatizes the impdrtance of includihg stu-
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dent variables in comparative education research, especially considering that results from bi-
variate analyses of a wide range of educational variables (e.g., curriculum breadth, instructional
methods, teacher qualifications) at grade 8 have demonstrated they are not strong predictors of
cross;national differences in the comprehensive measures of math and science achievement
used in TIMSS (Boe, et al., 2001). Instead, Boe, May, Barkanic, and Boruch (2002) found that
student variables were the strongest predictors in multivariate models of cross-national differ-
ences in math and science achievement. : ‘

Though the STP variable accounts for considerably less of the variability in mean math
achieve.ment scores between classrooms (about 20%) thén it does between nations (over 50%),
similar conclusions can be drawn about the importance of a single student variable in explaining
much of the betwe.en-classroom variability in student achievement. If one student characteristic
alone can account for 20% of between-classroom variability, it is quite possible that multlple
student variables would (in multivariate models) account for much more

Apart from STP, the multilevel analyses reported here also provided evidence about the
distribution of math achievement scbre variance (MSV, the dependent' variable alone) among
the student, classroom and nation levels (see Fig. 5). Over 25% of total variability in student
achievement in math (i.e., across all students from all TIMSS nations combined, and averaged
for grades 3, 4, 7, and 8) is attributable to differences among nations. This supports the need for
compérative education research to explain the role of cross-national differences in producing
variation in achievement outcomes. If, instead, this percentage had tumed out to be small, the
potential value Qf comparative research for undefstanding the sources of variation in academic
achievement would be muchvless. | |
Test-Taking Research Needed - .

' Even though we have leamed much from the analyses reported here about the strong rela-
tionships between STP and student achievement,_ no study haS been made of the extentto |
which each of three psychological processes is involved in STP. This is due solely to the un-
availability of data that represents the botential components of STP. However_, measures of
these components could be included in _futUre TIMSS administrations, as well as in other inter-
national Studiés. Following the concethaI framework 6f STP offered here, additional information
could be collected on the following constructs:

1. Student test- and questionnaire;taking ability: to read énd understand instructions, to read
and understand questions, to be able to following instructions and properly record answers

on answer sheets.
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2. Student test- and questionnaire-taking motivation: to work intensively by focusing attention
on the task, by trying to identify the best answers, by proceeding through the task af rea-
sonable pace without wasting time, by carefully and con'sistently following instructions.

. 3. Student wiIIingneSs to f'nake estimates or guess when the best answer is not clear.

Student judgments about theAtest and questionnaire, .a.nd their perfbrmances on these tasks.
This information could be collected through additional .questionnaire items, examples of
which are shown in the Appéndices A and B. Because STP is such a strong predic'tor'of national
differences in math and science achievement, measures of the psychological process underly-
ing it are of interest in underétanding the nature of achievement test perforrriancé. Such meas-

ures could also be used as control variables to assess how much variation in achievement

scores can be attributed specifically to student subject matter knowiedge instead of to psycho- .

logical processes involved in test taking. In addition, it would be desirable to investigate a possi-'

ble order effect on STP by scheduling the TIMSS achievement tests first and the Student ques-

tionnaire second for some students, and vice versa for an equivalent group of students. .
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Appendix A

Potential Survey Questions to be Presented after the

Mathem_aticsIScience Achievement Examinatiohs

. How many times have you taken tests with multiple-choice items?

a. never b. once c.2to10times ° d. more than 10
: : ' times

. How many times have you taken tests with as many (or more) items as this test?

_a.never b. once L c. 2to 10 times d. more than 10
: h : times

. Did having multiple anSWer choices for most of the items help or hurt your performance?

a.helpedalot - b. helped some- c. hurt somewhat . d. hurt a lot
‘ ' what : '

. The instructions for this test were:

a. very confusing b. somewhat €. somewhat d. very
' ~confusing - understandable understandable

. The answer sheet was easy to use. .

a. strongly agree b agree o c. disagree’ d. strongly disagree

. Compared to the effort you ordinarily make to do well on tests in your math and science
classes, how much effort did you put forth in performing well on this test?

a. much more effort  b. more effort. ¢. the same effort d. less effort -

. Before taking this test, how irhportant did you think it was that you perform well?

a.very important * b. somewhat © ¢. somewhat d. very unimportant
: : importa_nt o unimportant.
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8. On this test, how many times did you answer a test questlon when you were not sure of the
correct answer?.

a. none b.1to 5items . c. 5 to 10 items d. more than 10
: : items

9. More time to finish this test would have been helpful.

a. strongly agree b. agree ‘ _ c. disagree - -d. strongly disagree

10. Compared to how well you usually doin your mathematlcs and science classes, how well
do you think you did on this test? -

a. much better . b. somewhat better c. somewhat worse - d. much worse

11: Compared to the tests glven in your mathematlcs and scuence classes, how diffi cuIt was
-~ this test? _

a. very easy - "b. somewhat eaSy c. somewhat difﬂ- d. very difficult
: . cult . : :

12. Given your performance on this math and science test, how did you feeI after completung
~ this test?

a. discouraged b. somewhat c.somewhat = - d. encouraged
: discouraged encourageq
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/ - | ~ Appendix B
(} . Potential Survey Questions to be Presented after the
/ ' .Student Background Questionnaire

/

/ 1. How many times have you answered similar questionnaires?
§

a. never : b. once - ' c. 2to 10 times - d. more than 10
_ : . ' times -

2. The inétructions for this questionnaire were:

a. very confusing b. somewhat c. somewhat d. very
confusing understandable understandable

3. What was the pnmary reason for why you did not answer some of the items on this question-
naire?

" didn’t know the answer
didn't want to give personal information
" didn't understand the question
wanted to finish quickly -
too tired to pay attention to the question
not enough time to finish
didn't care enough to answer =

©~oaoop

4. On this questionnaire, how many tlmes d|d you answer a questlonnalre item when you were
not sure of the best answer? :

a.none . b. 110 Sitems . 51010 items d. more than 10
' ‘ : items

5. More time to finish this questionnaire would have been helpful

a. strongly agree " b. agree c. disagree d. strongly disagree
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