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Abstract

This substantive-methodological synergy demonstrates evolving multilevel latent-variable models
for cross-cultural data. Using Trends in International Mathematics and Science Study (TIMSS)
2007 data for U.S. and Saudi Arabian eighth grade students, we evaluate the psychometric
properties (measurement invariance, method effects, and gender differences) of math self-
concept, positive affect, coursework aspirations, and achievement. Extending the studies of
the “paradoxical cross-cultural self-concept effect” largely based on U.S.-Asian comparisons,
country-level differences strongly favored the United States for achievement test scores,
but favored Saudi Arabia for self-concept and aspirations. Latent mean gender differences, of
particular interest because of Saudi Arabia’s single-sex school system, interacted with country for
all constructs. The largest interaction was for achievement test scores; there were no significant
gender differences for U.S. students (in coed schools), but in single-sex Saudi schools, Saudi girls
performed substantially better than Saudi boys. Consistently with previous (mostly Western)
research, but not previously evaluated with TIMSS, in each of the four (2 gender X 2 country)
groups all three outcomes (self-concept, affect, and aspiration) were positively influenced by
individual student achievement but negatively influenced by class-average achievement (the Big-
Fish-Little-Pond Effect: BFLPE). BFLPEs were similar in size for boys and girls in coeducational
(United States) and in single-sex (Saudi) classrooms.
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In this substantive-methodological synergy (Marsh & Hau, 2007), we apply evolving multilevel
latent-variable models to address substantively important cross-cultural issues with respect to math
self-concept and related constructs of Saudi Arabian students and how they compare with U.S.
students, based on the Trends in International Mathematics and Science Study (TIMSS 2007) data.

In quantitative cross-cultural research, many studies apply: (a) confirmatory factor analysis
(CFA) and structural equation models (SEMs) using multiple indicators that have traditionally
been based on single-level models that ignore the multilevel structure inherent in educational and
cross-cultural data, and (b) multilevel models that have traditionally been based on manifest
(single) indicators, which ignore measurement and sampling error inherent in psychological data.
However, progress has been slow in integrating these two dominant analytical approaches into a
single framework in a way that they can be easily implemented in applied research—the focus of
the present investigation. Early developments (e.g., Goldstein & McDonald, 1988; McDonald,
1993, 1994; also see Goldstein, 2003) laid the foundation for important advances, but they were
not easily implemented with the existing software (e.g., McDonald, 1994; Muthén 1989, 1994).
Hence, the major methodological contribution of our study is a demonstration of a new and
evolving doubly latent model of contextual effects that has a broad applicability in cross-cultural
psychology and psychological research more generally.

The major substantive focus of our study is on the cross-cultural generalizability of the growing
body of research in support of the Big-Fish-Little-Pond Effect (BFLPE). As illustrated in
Figure 1, the key predictions of the BFLPE are as follows: (a) individual achievement is positively
related to self-concept (the brighter I am, the higher my self-concept); (b) but school- or class-
average achievement is negatively related to self-concept (the brighter my classmates, the lower
my self-concept). Although, as reviewed below, there is considerable support for the BFLPE, the
present investigation is apparently the first cross-cultural study of the BFLPE using TIMSS data,
the first to focus on comparisons between U.S. and Saudi students, the first to evaluate frame-of-
reference effects separately for boys and girls in single-sex Saudi classrooms in comparison with
coeducational U.S. classrooms, and the first cross-cultural study to be based on the more proximal
frame of reference associated with individual classrooms, rather than the school as a whole.

The juxtaposition of the U.S. and Saudi data is of broad interest to cross-cultural researchers
as well as to Saudi researchers. Self-concept and achievement in the United States have been
compared particularly in relation to Japan, China, and other East Asian countries, what has been
referred to as paradoxical findings (e.g., Shen & Tam, 2008; also see Minkov, 2008; Stevenson,
Chen, & Lee, 1993; Stevenson & Stigler, 1992) that we refer to as the paradoxical cross-cultural
self-concept effect. Specifically, even though academic self-concept is positively related to aca-
demic achievement at the level of individual students within each country, at the country level,
they are negatively related: U.S. students have substantially higher self-concepts than East Asian
students even though their academic achievements are substantially lower. Here, we extend this
research to Saudi Arabia students who have much lower levels of achievement according to
TIMSS documentation, with particular focus on country-level differences in self-concept. This
juxtaposition is also of interest because of the extreme gender-segregated (single-sex) school
system in Saudi Arabia and associated gender differences in mathematics achievement, self-
concept, affect, and coursework aspirations.

Self-Concept, Achievement and the BFLPE

Self-concept is recognized as a major, and universal, core component of well-being and as a
central element in human existence (Bandura, 2006; Marsh & Craven, 2006). Self-concept
enhancement is seen as a central goal of education and an important vehicle for addressing the
social inequities experienced by disadvantaged groups (see Marsh & Craven, 2006). Recognizing
the role of positive self-beliefs across all countries, the Organisation for Economic Co-operation
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Figure |. Conceptual path model predictions based on the BFLPE (adapted with permission from
Marsh, 2007).
BFLPE = Big-Fish-Little-Pond Effect.

and Development (OECD, 2003) noted that self-concept is “closely tied to students’ economic
success and long-term health and wellbeing” (p. 9), plays a critical part in students’ interest in and
satisfaction at school, underpins their academic achievement, and constitutes a very influential
platform for pathways beyond school (Ackerman, 2003; Marsh, 2007; Marsh, Hau, Artelt,
Baumert, & Peschar, 2006).

In the educational domain, a positive academic self-concept, defined as a positive self-perception
of one’s academic abilities and competencies (Marsh, Byrne, & Shavelson, 1988) is linked to course-
work selection, engagement, intrinsic motivation, subsequent achievement, educational aspirations,
and eventual university attendance (e.g., Guay, Marsh, & Boivin, 2003; Marsh, 1991; Marsh &
Craven, 2006). For example, Marsh and Yeung (1997a) found that although school grades and self-
concept were both substantially correlated with course choice, school grades did not add to the pre-
diction of course choices at all, beyond the substantial effects of subject-specific academic
self-concepts. In a longitudinal study over 10 years, Guay et al. (2003) found support for long-lasting
beneficial effects of academic self-concept on educational attainment. Academic self-concept and
achievement mutually benefit each other (e.g., Marsh & Craven, 2006; Marsh & Yeung, 1997b;
Valentine & DuBois, 2005; Valentine, DuBois, & Cooper, 2004); prior achievement has a positive
effect on subsequent academic self-concept, and prior academic self-concept has a positive effect on
subsequent achievement, even after controlling for prior achievement. Hence, it is not surprising that
academic self-concept and related self-belief constructs are a central component in most theories of
motivation and social cognition (e.g., Bandura, 2006; Deci & Ryan, 1985; Marsh, 2007; Pajares &
Schunk, 2005; Zimmerman, 2008) and fundamentally influence how individuals view the world, the
choices that they make, and their subsequent accomplishments. The need to think and feel positively
about oneself and the benefits of these positive cognitions on choice, planning, and subsequent
accomplishments transcend traditional disciplinary and cultural barriers, and are key ingredients in
many psychological theories and are central to goals in many social policy areas.

Self-Concept and Positive Affect

In the TIMSS 2007 database used in the present investigation, students responded to separate
scales assessing math self-concept and positive affect (see the appendix), in line with a
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substantial body of research providing a clear rationale for the separation of self-concept from
affective components (e.g., Deci & Ryan, 1985; Eccles, 1983; Eccles & Wigfield, 2002; Feather,
1982; Renninger, 2000, 2009; Renninger, Hidi, & Krapp, 1992; Stipek & Mac Iver, 1989). For
example, based on Programme for International Student Assessment (PISA) data from 25 coun-
tries, Marsh et al. (2006) reported that even though math self-concept and math interest were very
highly correlated (» = .86), math achievement was more highly related to self-concept (» = .33)
than to interest (» = .21). However, for the Self Description Questionnaires (SDQ) instruments,
which are the basis of much of this research, each academic scale has a combination of compe-
tency items (here referred to as academic self-concept) and affect items that are used to assess a
single self-concept scale. Based on two large cohorts of students aged 7 to 13, Marsh, Craven,
and Debus (1999; also see Arens, Yeung, Craven, & Hasselhorn, 2011) found that the relation
between self-concept and affect within the same domain was consistently very high (r = .75),
even though self-concept in different domains became more distinct with age (e.g., math and
verbal self-concept are substantially correlated for young children but almost uncorrelated by age
12). They lamented that the correlation between self-concept and affect was too high for the
constructs to be easily distinguished, but too low for them to be combined into a single factor.

Expectancy-value research (Eccles, 1983; Eccles & Wigfield, 2002) is particularly relevant,
showing that correlations between self-concept and affect were evident even for very young
children, but increased with age across childhood. Although self-concept and expectations of
success, consistent with expectancy-value theory, are typically better predictors of subsequent
achievement, Nagengast et al. (2011) reported that affect was better than self-concept in predict-
ing choice behavior (extracurricular activities and career aspirations). In the present investiga-
tion, we tested the convergent and discriminant validity of responses to math self-concept and
positive affect for Saudi and U.S. boys and girls, hypothesizing that achievement is more strongly
correlated with self-concept than positive affect but that coursework aspirations are more corre-
lated with positive affect than self-concept.

Cross-Cultural Generalizability of the BFLPE: Negative Effects of School/Class-
Average Achievement on Academic Self-Concept

To understand fully how people perceive themselves, frames of reference must be considered.
Depending on the frames of reference or the comparisons individuals use to evaluate themselves,
they can reach different conclusions about their accomplishments and so have differing self-
concepts as demonstrated in the BFLPE (i.e., academic self-concept is positively predicted by
individual achievement, but negatively predicted by class- or school-average achievement; see
Figure 1). Thus, the brighter the student, the higher their academic self-concept; but the brighter
the student’s classmates, the lower their academic self-concept.

The theoretical underpinnings of the BFLPE (see overview by Marsh et al., 2008) lie in theory
and research on psychophysical judgment (e.g., Helson, 1964; Marsh, 1974; Parducci, 1995;
Wedell & Parducci, 2000), social judgment (e.g., Morse & Gergen, 1970; Upshaw, 1969), sociol-
ogy (Alwin & Otto, 1977; Hyman, 1942), relative deprivation (Davis, 1966; Stouffer, Suchman,
DeVinney, Star, & Williams, 1949), and social comparison (Festinger, 1954). Consistent with the
BFLPE predictions, a growing body of research shows that academically selective school sys-
tems, ability-grouping, and streaming have detrimental consequences for the academic self-con-
cept of high-achieving pupils. Students in classes or schools with high average achievement have
lower academic self-concepts than their equally able peers in schools or classrooms with average
or low achievement (e.g., Craven, Marsh, & Print, 2000; Marsh, 1991; Marsh et al., 2008).

BFLPE theory (e.g., Marsh, 1984, 1991; Marsh et al., 2008) posits that the effect is based
upon a social comparison process (for a detailed account of the theoretical background of the
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BFLPE, see Marsh et al., 2008). Students form their academic self-concepts by comparing their
own achievement to the achievement of their classmates, using the class average as a frame of
reference. This process tends to have particularly detrimental consequences for high-achieving
students in selective academic environments where they mix with other high-achieving students,
as it leads to a more negative relativistic perception of their own achievement and more negative
academic self-concepts. In less-selective environments, the abilities of peers will have a higher
variability and be lower on average, leading to more positive academic self-concepts. On the
contrary, students with lower achievement levels can benefit from selective schooling because
when they are grouped with other lower achieving students because their frame of reference is
based on other low-achieving classmates. Hence, their academic self-concept will be more posi-
tive than if they had been placed in a classroom with high-achieving students.

Evidence for this negative contextual effect of school-average achievement on academic self-
concept (controlling for the positive effect of individual achievement)—the BFLPE—is strong
and has been accumulating for more than two decades (for a comprehensive review, see Marsh et
al., 2008). The pervasiveness of the BFLPE has been demonstrated across types of students,
academic subjects, and cultures. However, most BFLPE research has been undertaken in Western
countries such as Australia (Craven et al., 2000; Marsh, 2004; Marsh, Chessor, Craven, & Roche,
1995; Marsh & Parker, 1984), the United States (e.g., Marsh, 1987, 1991; Mulkey, Catsambis,
Steelman, & Crain, 2005), Germany (Marsh, Kdller, & Baumert, 2001, Trautwein, Liidtke,
Marsh, & Nagy, 2009), Israel (Zeidner & Schleyer, 1999), France (Huguet et al., 2009; Seaton
et al., 2008), the Netherlands (Seaton et al., 2008), and the United Kingdom (Ireson & Hallam,
2009; Ireson, Hallam, & Plewis, 2001; Nagengast & Marsh, 2011; Tymms, 2001), but also in
Asian countries (e.g., Liem, Marsh, Martin, Mclnerney, & Yeung, 2013; Marsh, Kong, & Hau,
2000).

Cross-cultural BFLPE studies. There have been three large cross-cultural studies of the BFLPE
(Marsh & Hau, 2003; Nagengast & Marsh, 2011; Seaton, Marsh, & Craven, 2009). Using data
from successive waves of PISA data, these studies demonstrated that the BFLPE generalized
across different countries and cultures. Summarizing these BFLPE-PISA studies, Nagengast and
Marsh (2012) noted that the critical negative effect of class-average achievement on individual
self-concept was present in 122 of the 123 samples considered and significant in 114 of them.
However, particularly for the earliest of these PISA studies, the countries included were predomi-
nantly OECD and Western developed countries and this restricted the generalizability of the
findings. Although each of the successive PISA studies included a larger and more diverse sam-
ple of countries, Saudi Arabia—the focus of the present investigation—was not included in any
PISA study, and Arab countries were highly under-represented in all three studies.

Even though PISA is widely praised as perhaps the best international data available for mak-
ing international comparisons (e.g., Marsh et al., 2006), it also has strong critics. For example,
Hopmann, Brinek, and Retzl (2007; also see Ertl, 2006) summarized a range of important limita-
tions of the PISA data. For instance, they note that the PISA model does not fully reflect the
curriculum that is actually taught in many countries, and criticize the fact that PISA measures of
mathematics invoke literacy-related abilities. They also note many technical problems related to
the sampling design, scaling, translation, and gender, as well as the development of league tables
for ranking countries based on PISA. Although we might argue that some, or all, of these prob-
lems are well compensated by the incredible richness and scope of PISA data, these multiple
limitations clearly indicate the need to cross-validate results based on PISA with data from dif-
ferent sources. Given that the TIMSS data are the major competitor of PISA in terms of interna-
tional comparisons in mathematics and science, this database is clearly a strong candidate for
such replication studies. Although TIMSS and PISA share many similarities, there are also major
differences in the achievement tests used in these databases (e.g., American Institutes for
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Research, 2005; Hutchison & Schagen, 2007; National Center for Education Statistics, 2008;
Neidorf, Binkley, Gattis, & Nohara, 2006; Wu, 2009). Of particular relevance to the preceding
criticism of PISA, TIMSS apparently has the relative advantage of assessing achievement in a
manner that is more closely related to the academic curriculum. According to Wu (2009), these
differences in item content may even partially explain why Western countries tended to perform
better on PISA than TIMSS, while the opposite pattern is observed in Eastern European and
Asian countries. Importantly, for the purposes of the present investigation, TIMSS does include
Saudi Arabia: this allowed comparison of the Saudi results with those from the United States,
which has been a primary source of support for the BFLPE and for self-concept research more
generally.

Another important difference that is of direct relevance to BFLPE studies is that PISA used
schools as the sampling unit, whereas TIMSS uses classrooms. More precisely, in each selected
school, PISA tests a random sample of 15-year-olds, so that each school is represented by partici-
pants from at least two or more year cohorts. This complicates the interpretation of frame-of-
reference effects inherent in the BFLPE since school averages might not correspond to the
achievement levels of students in any year cohorts. In contrast, TIMSS targets all students from
selected classrooms of eighth grade students (or the year group where a majority of the students
are 13 years of age). Selecting the school or the classroom as the frame of reference has been
noted as an important consideration for BFLPE research. According to the local dominance effect
(Zell and Alicke, 2009; see also Alicke, Zell, & Bloom, 2010), the distinction between the whole
school and the individual classroom is a critical issue. They experimentally manipulated “local”
and “general” frames of reference in relation to feedback given to participants about how their
performances compared with others. Their results show that participants in each condition used
the most local comparison information available to them, even when they were told that the local
comparison was not representative of the broader population. Consistent with this local domi-
nance prediction in an actual school setting, Liem et al. (2013) showed that track-average
achievements for high ability streams within schools were more negatively related to achieve-
ment than school-average achievement in the Singapore school system. Based on these results,
the classroom sampling unit used in TIMSS seems to represent a far more proximally relevant
frame of reference than the school-based sampling used in PISA. In this respect, it is important
to note that the present investigation is apparently the first cross-cultural BFLPE study to be
based on the classroom as the unit of analysis rather than the school.

Doubly Latent Contextual Effect Models: Substantive-
Methodological Synergy

Methodological developments and substantive progress go hand in hand—this is the essence
of substantive-methodological synergies (Marsh & Hau, 2007). Coupled with this growing
body of BFLPE research are rapidly evolving statistical models of the contextual and climate
effects that combine the strengths of latent-variable SEMs and multilevel modeling into an
integrated statistical framework (e.g., Marsh et al., 2012) with broad applicability to cross-
cultural research. Research on the BFLPE has gradually moved from employing single-level
models (e.g., Marsh, 1984, 1987, 1991; Marsh & Parker, 1984) to more appropriate multilevel
modeling techniques (e.g., Liidtke, Koller, Marsh, & Trautwein, 2005; Marsh & Hau, 2003;
Marsh et al., 2000; Marsh & Rowe, 1996; Marsh, Trautwein, Liidtke, Baumert, & Kdoller, 2007,
Seaton et al., 2008; Seaton, Marsh, & Craven, 2010). Most BFLPE research, however, has
either used single-level latent-variable models that ignore the multilevel structure inherent in
BFLPE studies, or multilevel models based on manifest indicators that ignore measurement
error. It is only recently that applied researchers have been able to combine these two dominant
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BFLPE =L2- L1

Figure 2. Path diagram of the doubly latent multilevel model.

Note. Subscripts ijj at the student (LI) level represent the ith student in the jth class. At the class (L2) level, the
subscript j refers to the jth class. The model is based on implicit-group-mean centering of the L| variables. Separate
indicators of each latent construct are numbered | to 4 (math achievement) of | to 3 (math self-concept). Paths at
LI represent LI effects, paths at L2 represent L2 effects. Contextual effects (i.e., the BFLPE in this study) are defined
as the difference between L1 and L2 effects. BFLPE = Big-Fish-Little-Pond Effect; MAch = math achievement; L1 =
student level; MSC = math self-concept; L2 = class level.

statistical approaches—multilevel modeling and CFA/SEM—into an integrated statistical
framework. Consistent with our emphasis on substantive-methodological synergy, these
advances have been led by BFLPE research and in turn have made important contributions to
it (Marsh et al., 2012; Marsh, Liidtke, et al., 2009; Nagengast & Marsh, 2012).

Recent developments resulting in stronger statistical models of contextual and climate effects
have been led, in part, by BFLPE research (Marsh et al., 2010; Marsh et al., 2012; Nagengast &
Marsh, 2012; also see Liidtke, Marsh, Robitzsch, & Trautwein, 2011; Liidtke et al., 2008). The
BFLPE is a contextual effect (see Marsh et al., 2012); the effect of school- or class-average
achievement on academic self-concept when the effects of individual student achievement have
been controlled (see Figure 2). Class-average achievement, formed by aggregating individual
achievement at the student level (L1) to the classroom level (L2), predicts systematic differences
in academic self-concept that remain after individual achievement has been controlled. The dou-
bly latent model as implemented in Mplus (Muthén & Muthén, 2008-2013) relies on an implicit
group-mean centering of all L1 variables (for further discussion, see Marsh et al., 2012; Marsh,
Lidtke, et al., 2009; Nagengast & Marsh, 2011). For this reason, the effects of L2 variables are
not controlled for L1 differences. Hence, estimates of contextual effects are obtained by subtract-
ing the L2 effect from the L1 effect (see Figure 2), which is mathematically equivalent to grand-
mean centered results (for further discussion, see Enders & Tofighi, 2007; Kreft, de Lecuw, &
Aiken, 1995; Marsh et al., 2012; Marsh, Liidtke, et al., 2009).

However, Liidtke et al. (2008, also see Shin & Raudenbush, 2010) identified a second source
of bias in multilevel models—sampling error—that is particularly relevant for the analysis of
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contextual effects and is not addressed by conventional multilevel modeling techniques (e.g.,
Hox, 2002; Raudenbush & Bryk, 2002). In the BFLPE, the frame of reference is operationalized
as class-average achievement. Although traditional approaches to multilevel modeling treat this
class-average achievement as if it were a population value, it is more appropriately viewed as a
sample estimate with some degree of sampling error. Drawing upon BFLPE research and the
methodological advancements in Liidtke et al. (2008), Marsh, Liidtke, et al. (2009; Nagengast &
Marsh, 2011) introduced a doubly latent multilevel SEM for contextual effects that controls mea-
surement error at L1 and L2 as well as sampling error in the aggregation of L1 indicators to form
L2 indicators (see also Goldstein & McDonald, 1988; McDonald, 1994; Mehta & Neale, 2005;
Rabe-Hesketh, Skrondal, & Pickles, 2004). Sampling error can be substantial when agreement
among L1 individuals within each L2 class is weak and when the observed sample is both small
in size and represents only a small proportion of the population from which the sample was
drawn. In this respect, sampling error (in relation to individuals) is similar to measurement error
(in relation to items); measurement error can be substantial when the number of items used to
infer a latent construct is small and agreement among the different items is weak.

As shown in our representation of the doubly latent model (Figure 2), the observed multiple
indicators (represented by boxes) are decomposed into multiple indicators at the individual stu-
dent (L1) level and at the class (L2) level. In this model, there are CFA models at L1 and L2
controlling measurement error on both levels by using multiple indicators for the considered
constructs. These are represented by paths going from each latent construct to the corresponding
multiple indicators of that latent construct. Contextual variables (i.e., L2 aggregates of L1 vari-
ables) are formed by a latent aggregation procedure that takes into account that the observed
values of these variables are not equal to true population values if sampling error is present.
Marsh and colleagues showed with a didactic example that the size of the estimated BFLPE
could change substantially compared with the standard multilevel regression model and several
partial correction models. In this model, estimates of L2 effects are not controlled for L1 effects,
so that the contextual effect (i.e., the BFLPE) is defined as the difference between the corre-
sponding L2 and L1 effects (represented as the box labeled as BFLPE = L2-L1 in Figure 2).

A Cross-Cultural Perspective: Generalizability to Saudi Arabia

As described in the TIMSS 2007 Encyclopedia (Mullis, Martin, Olson, Berger, & Stanco, 2008)
and elsewhere, Saudi Arabia was founded in 1932 and is geographically the largest Middle
Eastern country. It has a population of about 27 million, of which an estimated 16 million are
Saudi nationals. From its inception, the governmental system has been monarchic and Islamic. It
has the world’s largest oil reserves and is the second largest oil exporter, with oil being the basis
of most of its exports and the majority of its governmental revenue. Saudi Arabia has a per capita
income of about US$24,000, and a substantial budget surplus that, to reduce Saudi dependence
on oil, is being invested in economic diversification projects and education.

In 1953, the Ministry of Education was established to make the school system for boys com-
parable to Western countries; this system was subsequently expanded to include girls. The school
system includes 6 years of primary school, 3 years of intermediate school, and 3 years of second-
ary school. Education is free at all levels. Curricula, teacher training and appointments, and
school evaluation are centralized under the Ministry of Education. In addition to providing basic
skills and education, schools educate students in beliefs, values, and practices of Islamic culture.
The TIMSS Encyclopedia provides an overview of the development of mathematics curricula,
indicating that 75% of the curricular content relates to content assessed in the TIMSS tests. A
salient feature of the Saudi educational system is that schools are completely segregated in rela-
tion to the gender of students and teachers. Consistent with the extreme gender segregation
observed throughout Saudi society and the substantial gap between the rights of men and women,

Downloaded from jcc.sagepub.com at PENNSYLVANIA STATE UNIV on September 18, 2016


http://jcc.sagepub.com/

Marsh et al. 9

students are taught in separate single-sex schools in which male teachers teach boys and female
teachers teach girls. The higher education sector has increased substantially since 2000, but also
remains almost completely segregated by gender. Based on World Bank 2006 figures, higher
education enrollment was over 30% (36.1% for women, 24.7% for men), but these figures are
increasing, due to a generous scholarship program that offers tuition and living expenses for
Saudi students.

In the Saudi educational system, students take required mathematics classes in first grade (two
classes per week), in Grades 2 to 3 (four classes per week), Grades 4 to 6 (five classes per week),
then in middle school (four classes per week). Starting in Grades 11 and 12, students can choose
to take advanced mathematics coursework as part of the scientific stream if they qualify, but less
emphasis is placed on mathematics if students choose a literary or religious stream. At the high
school level, course choice for boys and girls is the same (except for physical education for boys
and home economics for girls). Although, in terms of university places and post-school employ-
ment, not all specializations (e.g., some areas of science and technology, engineering, and agri-
culture) are open to girls, this imbalance of opportunities has continued to diminish over time.

The United Nations Development Programme (UNDP) provides a set of indices on which
human development, poverty, and gender inequality are measured that allow comparison across
countries. The most recent ranking provides an interesting comparison between the U.S. and
Saudi Arabia (all following results are drawn from UNDP, 2011). On the human development
index (HDI), which is a composite of life expectancy at birth, mean and expected years of school-
ing, and gross national income per capita, the United States is ranked fourth with a HDI value of
910 (higher values are better). Saudi Arabia, while ranked lower than the United States at 56th,
is ranked as a high human development country with a HDI value of .770. Furthermore, Saudi
Arabia has shown steady increase in this index since 1980. In contrast to the moderate difference
between the United States and Saudi Arabia on the HDI, the country rank difference in Gender
Inequality Index (GII) is almost twice as large. The United States is ranked 47th with a GII value
of .299 (lower values equal more gender equality), whereas Saudi Arabia is ranked 135th with a
GII value of .646. Indeed, on the GII Saudi Arabia is the lowest ranked of all medium to high
human development countries (as measured by the HDI). The GII is a composite measure with
indices of health, education, and political and labor force participation. For the current research,
education and labor force participation are most pertinent. In the United States, more women
than men over the age of 25 years have a secondary level of education, and the labor force partici-
pation rate of women is just over 10% lower than that of men. In Saudi Arabia, 10% fewer
women than men over the age of 25 years have a secondary level of education, and there is an
almost 50% point different in labor force participation rates between men and women.
Nevertheless, in recent years Saudi Arabia has experienced some of the world’s largest increases
in female education participation ratings, which have risen dramatically since 1975 and are like
to continue to increase. Indeed, in recent years, enrollment rates for all levels of education are
now at, near, or above parity. The increase in tertiary education for females reflects a worldwide
trend, including enrollment and graduation rates that strongly favor females in the United States
(OECD, 2011).

Research in Saudi Arabia and in Arab countries more generally has sought to test the cross-
cultural generalizability of Western self-concept research findings (e.g., Abu-Hilal, 2001; Abu-
Hilal & Aal-Hussain, 1997; Abu-Hilal & Abeld-Mamid, 1989; Abu-Hilal & Bahri, 2000; Marsh
et al., 2013). Abu-Hilal and Bahri (2000), in a study of elementary and junior high school stu-
dents from the United Arab Emirates, noted that self-concept factors were less differentiated
(more correlated) across multiple domains than typically found in Western research. They sug-
gested that Arab students (boys in particular) tend to be socialized in a way that “does not seem
to encourage students to be independent: it does not give children the opportunity to evaluate
themselves™ (p. 319; also see Sharabi, 1975). Thus, Arab students tend to be less aware of their
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relative strengths and weaknesses than Western students of a similar age, resulting in self-con-
cepts that are more uniformly high and less differentiated. Abu-Hilal (2001) also noted that in
adolescence, Arab girls tend to have less freedom than boys, leading them to focus more on
schoolwork than boys (also see Abu-Hilal & Abeld-Mamid, 1989; Hassan & Khailifa, 1999).
Accordingly, girls had substantially higher verbal and math achievement test scores, were more
motivated in school, reported investing more effort in their schoolwork, and had slightly higher
math and verbal self-concepts.

TIMSS 2007 documents (Mullis, Martin, & Foy, 2008) show that Saudi students perform
much more poorly on the math achievement tests than U.S. students. Although it might be
expected that this poorer achievement should lead to lower levels of self-concept, affect and
coursework aspirations, the process of forming self-beliefs is complex and is not a simple func-
tion of achievement levels, as shown by the paradoxical cross-cultural self-concept effect
described earlier. According to this effect, there is a positive correlation between self-concept and
achievement within countries—a non-paradoxical finding that is well established and supports
the construct validity of self-concept (see earlier discussion). The paradoxical aspect of this
effect is that at the country level, self-concept and achievement are negatively correlated. The
most widely publicized results in support of this effect are comparisons of U.S. and East Asian
students (Shen & Tam, 2008; also see Minkov, 2008; Stevenson et al., 1993; Stevenson & Stigler,
1992) showing that U.S. students have substantially higher self-concepts than East Asian stu-
dents even though their achievements are substantially lower. Extending this research to com-
parisons between the U.S. and Saudi students, the paradoxical cross-cultural self-concept effect
predicts that self-concepts should be higher in Saudi Arabia than in the United States even though
achievement test scores are higher in the United States than in Saudi Arabia.

Based on the TIMSS 2007 results (Mullis, Martin, & Foy, 2008), we also know, consistent
with the evidence that historically observed gender differences favoring boys in math and science
achievement are declining, disappearing, or reversing in direction, that international gender dif-
ferences in math achievement favor girls slightly. However, these data also show that in the
United States gender differences in math achievement favor boys slightly, whereas in Saudi
Arabia they substantially favor girls. In self-concept research, there are well-established gender
stereotypic differences in self-concept, favoring boys in math and science, but girls in verbal
areas (Eccles, Adler, & Meece, 1984; Eccles & Wigfield, 1995, 2002; Eccles, Wigfield, Harold,
& Blumenfeld, 1993; Marsh, 1989c¢, 2007). Furthermore, these gender differences in math self-
concept persist or even increase after controlling for achievement. Although there is also some
speculation that these gender differences are exacerbated by coeducational schooling, empirical
evidence does not support this contention (Marsh, 1989a, 1989b; Marsh, Smith, Myers, & Owens,
1988; Nagengast, Marsh, & Hau, 2013). A number of studies show that the BFLPE is not moder-
ated by gender in coeducational schools where both boys and girls are aware of the performances
of other students of both genders (see review by Marsh et al., 2008; also see Liem et al., 2013).
However, we know of no studies that have evaluated whether the BFLPE varies as a function of
gender in single-sex schools where boys do not know how their performances compared with
those of girls, and girls do not know how their performances compared with those of boys.
Furthermore, the decline in the number of single-sex schools in the United States (and most
Western countries) makes these issues difficult to study with U.S. data. From this perspective, the
comparison between a completely single-sex school system in Saudi Arabia and the largely coed-
ucational system in the United States is a particularly interesting feature of the present investiga-
tion. Thus, we leave as an open research question how gender differences in math achievement
in Saudi Arabia and the United States are reflected in gender differences in self-concept, affect,
and coursework aspirations in the two countries, and whether the size and direction of the BFLPE
vary for boys and girls in the two countries.
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The Present Investigation

For the purposes of this substantive-methodological synergy, we focus on relations of math self-
concept and positive affect with two validity correlates (math achievement and math aspirations)
in four (2 gender x 2 countries) groups based on the TIMSS 2007 data. In preliminary analyses,
we tested the a priori factor structure for the self-concept and affect scales, measurement invari-
ance across the four groups that are prerequisite for all subsequent analyses, and the construct
validity of responses to self-concept and affect scales in relation to achievement and coursework
aspirations.

Based on multigroup tests of measurement invariance over the four groups, we evaluate latent
mean differences for country, gender, and their interaction. Of particular interest is the juxtaposi-
tion of gender differences in the two countries and the juxtaposition of country-level differences,
particularly in achievement and self-concept, but also affect and coursework aspirations, in rela-
tion to the paradoxical cross-cultural self-concept effect. From published TIMSS documentation
(Mullis, Martin, & Foy, 2008), we already know that Saudi students have much lower math
achievement levels than U.S. students. Although it might logically be expected that this would
lead to lower math self-concepts for Saudi students, previous research on the paradoxical dis-
tance effect suggests that Saudi students might actually have higher math self-concepts. As dis-
cussed earlier, Western research suggests that gender differences favoring boys in math
achievement have almost disappeared, while differences favoring boys in math self-concepts are
still substantial. However, Arab research discussed earlier suggests that Arab girls have substan-
tially higher levels of academic achievement. However, because of the extreme single-sex school
system, academic self-concepts of girls are formed largely in relation to accomplishments of
other girls, so that higher levels of achievement might not translate into higher academic
self-concepts.

Our main focus is to evaluate the generalizability of support for the BFLPE across the four (2
gender x 2 country) groups, with a particular emphasis on gender differences in the size of the
BFLPE in single-sex Saudi and coeducational U.S. classrooms. Based on previous research
based on PISA data showing that the BFLPE is very robust across countries and gender, we
expect that at least the direction of the BFLPE (i.e., the negative effect of school-average achieve-
ment) will generalize over gender and country. Concluding, we discuss substantive findings in
relation to theory and practice, and offer methodological recommendations for the use of doubly
latent models in cross-cultural research.

Method

The TIMSS 2007 data used in the present investigation is the fourth cycle of the TIMSS studies
conducted by the International Association for the Evaluation of Educational Achievement
(IEA), and includes nationally representative samples of fourth and eighth grade students from
59 participating countries. Although the primary focus of TIMSS has been on the substantive,
theoretical, and methodological excellence of achievement tests, TIMSS also administers a stu-
dent questionnaire of attitudes—the focus of the present investigation. For additional details on
the TIMSS 2007, including the development of instruments, translation, sampling, procedures,
scaling, and analysis, see Olson, Martin, and Mullis (2008).

Participants and Materials

In TIMSS 2007, the basic sampling strategies follow a two-stage cluster design consisting of
sampling of schools from which intact classrooms from the target grade are then sampled (Olson
et al., 2008). For the present investigation, participants were eighth grade students from Saudi
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Arabia (4,243 students, 52% male, from 203 intact single-sex classrooms) and the United States
(7,377 students, 49% male, from 509 intact classrooms, 99.6% coeducational).

Our major focus was on responses to eight items from the TIMSS survey: four math self-
concept; three math positive affect; one math coursework aspirations, based on the responses to
an agree—disagree Likert-type response scale (see the appendix). The Cronbach’s alpha estimates
of reliability for math self-concept and affect scales reported in the TIMSS 2007 Technical
Manual (Olson et al., 2008) for the two countries varied substantially (see the appendix). Although
reliability estimates based on U.S. responses reached an acceptable level of .80 (self-concept,
.84; affect, .86), those for Saudi Arabia were much lower (self-concept, .49; affect, .72). For both
scales, the median alpha across all participating countries fell between these two values (self-
concept, .73; affect, .81). Of particular concern are the unacceptably low reliability estimates for
Saudi responses to math self-concept (o = .49), suggesting perhaps, problems in the definition of
these constructs. The relatively low levels of reliability for Saudi Arabia (and for the international
sample more generally) are worrisome, particularly for analyses based on manifest scores. These
differences in reliability between Saudi and U.S. responses—but also the differences in reliabil-
ity for the self-concept and affect constructs—undermine the validity of interpretations based on
the manifest scale scores and dictate the use of latent-variable models which provide a natural
control for unreliability. Importantly, differences in reliability in latent-variable models are con-
trolled, so that differences in reliability do not undermine interpretation of the results.

Math achievement test scores in the TIMSS database are a mix of constructed responses and
multiple choice items from four domains (Algebra, Data and Chance, Number, and Geometry)
selected on the basis of item analyses for responses from large-scale pilot studies (Olson et al.,
2008). TIMSS 2007 reports the achievement test scores as a set of five plausible values for each
student. Plausible values are numbers that are randomly drawn from the distribution of scores
that reasonably depict each student’s level of achievement. All data analyses were run separately
for each of the five plausible values, and the results were aggregated appropriately to obtain
unbiased estimates. To take into account the missing data (less than 2% for all survey items and
none for achievement test scores), we relied on full information maximum likelihood (Graham,
2009; Schafer & Graham, 2002).

Data Analysis

Analyses were conducted with Mplus 6.1 (Muthén & Muthén, 2008-2013) and consisted of CFA
and SEMs based on the Mplus robust maximum likelihood estimator (MLR) and with standard
errors and tests of fit that were robust in relation to non-normality and the non-independence of
the observations (Muthén & Muthén, 2008-2013). In these analyses, we used the TIMSS’s
HOUWGT weighting variable, which incorporates six components (sampling of the school,
class, and student, and adjustment factors associated with non-participation at the level of school,
class, and student). HOUWGT is based on the size of the country-specific samples that is appro-
priate for the correct computation of standard errors. Previous analyses of TIMSS 2003 (Chiu,
2008, 2011) and 2007 (Marsh et al., 2013) found a method effect associated with negatively
worded items, which needs to be controlled by the inclusion of correlated uniqueness. Similarly,
consistent across all four (2 gender x 2 country) groups, we found negative-item method effects
for the three negatively worded items (see the appendix) that were also controlled by including
correlated uniqueness (see Supplemental Materials for further discussion).

Goodness of fit. In applied CFA/SEM research, there is a predominant focus on indices that are
sample size independent (e.g., Marsh, Balla & Hau, 1996; Marsh, Balla, & McDonald, 1988;
Marsh, Hau, & Grayson, 2005; Marsh, Hau, & Wen, 2004), such as the root mean square error of
approximation (RMSEA), the Tucker-Lewis Index (TLI), and the Comparative Fit Index (CFI).
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The TLI and CFI vary along a 0-to-1 continuum, and values greater than .90 and .95 typically
reflect acceptable and excellent fit to the data, respectively. RMSEA values less than .05 and .08
reflect a close fit and a minimally acceptable fit to the data, respectively. However, as long as the
best fitting model is acceptable, the comparison of the relative fit of nested models imposing
more or fewer constraints is more important than the absolute level of fit for any one model. Usu-
ally, a decrease in fit for the more parsimonious model remains below .01 for the CFI and .015
for the RMSEA, is taken to reflect reasonable support for the more parsimonious model (e.g., F.
Chen, Curran, Bollen, Kirby, & Paxton, 2008; F. F. Chen, 2007; Cheung & Rensvold, 2001,
2002). It should be noted that it is also possible for a more restrictive model to result in a better
fit than a less restrictive model based on indices incorporating a penalty for lack of parsimony.
However, we note that these are only rough guidelines (Marsh et al., 2004) and that researchers
should use an eclectic approach based on the subjective integration of multiple sources of infor-
mation, including an evaluation of the theoretical conformity of the parameter estimates, com-
mon sense, and a comparison of viable alternative models.

Doubly latent contextual effect models. The doubly latent model demonstrated represents new and
evolving approaches to the evaluation of contextual and climate effects, stimulated at least in
part, by BFLPE research (Marsh et al., 2010, 2012; Nagengast & Marsh, 2012; also see Lidtke
et al., 2011; Liidtke et al., 2008). As described earlier, the doubly latent model integrates CFAs
that control for measurement error at L1 and L2 with multilevel models that appropriately address
the hierarchical structure of most educational data (students nested within classes and schools) as
well as many cross-cultural studies (persons nested within countries). The BFLPE is a contextual
effect (see Marsh et al., 2012), the effect of school- or class-average achievement on academic
self-concept when the effects of individual student achievement have been controlled. The dou-
bly latent contextual effect models were estimated in Mplus (Muthén & Muthén, 2008-2013),
which relies on an implicit group-mean centering of all L1 variables (for further discussion, see
Marsh et al., 2012; Marsh, Lidtke, et al., 2009; Nagengast & Marsh, 2011). This implies that the
partial regression weights associated with L1 variables reflect L1 effects, whereas the partial
regression weights associated with L2 variables reflect L2 effects that are not controlled for L1
differences. Estimates of contextual effects, that represent the effect of L2 variables after control-
ling for L1 differences, can be obtained by subtracting the L1 effect from the L2 effect, which is
mathematically equivalent to converting the implicitly group-mean centered results to grand-
mean centered results (Enders & Tofighi, 2007; Kreft et al., 1995; Marsh et al., 2012; Marsh,
Lidtke, et al., 2009). Standard errors for confidence intervals and hypothesis tests can be obtained
by applying the multivariate delta method (see Raykov & Marcoulides, 2004, for an accessible
introduction). Using this approach in combination with the model constraint function in Mplus
also allows researchers to decompose estimates into tests of main and interaction effects. Here,
we constructed the tests of the main and interaction effects of gender (male vs. female) and coun-
try (Saudi Arabia vs. United States) and their interaction in relation to different latent constructs
(math self-concept, affect, aspirations, and achievement) and the BFLPE.

The standard error for the contextual effect was obtained using the multivariate delta method
(see Raykov & Marcoulides, 2004). In all analyses, effect sizes were calculated according to the
recommendations by Marsh, Liidtke, et al. (2009), with the following formula:

()
ES = 2 xpx—2L, (1)

S,

where B is the unstandardized regression coefficient, 6,4 is the standard deviation of the pre-
dictor variable (achievement), and o, is the average within-country standard deviation of the out-
come variable (self-concept, positive affect, or aspirations), resulting in an effect size (ES) metric
that is common across countries. This effect size is comparable to Cohen’s d (Cohen, 1988).
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Measurement invariance. The invariance of the factor structure is an important prerequisite to valid
comparisons of results across different countries and groups within countries. Indeed, if the under-
lying measurement model is fundamentally different in different groups or countries, then it means
that the constructs being measured are different across countries and that there is no basis for
interpreting observed differences. For instance, in the present study, interpretations of differences
in means or relations among constructs across countries are based on the assumptions that the fac-
tors are the same across countries (i.e., Saudi and U.S. students). Here, we consider a 2 (country)
x 2 (gender) classification of invariance tests. Following Meredith (1993; also see Marsh et al.,
2010; Marsh, Muthén, et al., 2009), we evaluated a taxonomy of invariance models beginning
with no invariance of any parameters (configural invariance), invariance of factor loadings (weak
measurement invariance), invariance of item intercepts (strong measurement invariance), and
invariance of measurement error (strict measurement invariance). Marsh et al. (2013) previously
conducted related studies of the TIMSS 2007 factor structure and measurement invariance across
eight countries and found full support for the invariance of factor loadings and partial support for
the invariance of intercepts. Because the models considered here are somewhat different (e.g., the
major focus on gender and the BFLPE), and given that these analyses are such an important pre-
requisite for cross-cultural studies, we replicate and extended these earlier analyses.

However, because these preliminary analyses are not a focus of the present investigation and
largely replicate the earlier results, a detailed summary of the results is presented in the
Supplemental Materials. Consistent with a priori predictions, there was good support across the
four (2 gender x 2 country) groups for negative-item method effects (that were invariant across
groups), full invariance of factor loadings, and partial invariance of item intercepts (in which the
intercepts of the two negatively worded self-concept items were freed). Consistent with the sub-
stantial differences between countries in terms of reliability, already discussed, there was a clear
lack of support for item uniqueness (strict invariance) over country, although there was a reason-
able support for uniqueness invariance over gender within each country. This non-invariance of
measurement error calls into question comparisons between countries based on scale scores, but is
not necessary for the comparison of latent means and relations between latent variables, which are
the basis of the present investigation (Marsh, Muthén, et al., 2009; Meredith, 1993). On the basis
of these preliminary analyses, subsequent analyses are based on the partial strong invariance
model (full invariance of factor loadings, partial invariance of item intercepts) described in greater
detail in the Supplemental Materials.

In preliminary analyses, we evaluated support for this cross-level invariance, extending the
corresponding single-level Model M3d. The fit of the model with factor loading invariance over
level (L1-student level and L2 class level) was good (see Table 1 in Supplemental Materials for
further discussion; CFI = .954, TLI = .941, RMSEA = .054) and did not differ substantially for
less parsimonious models in which these cross-level invariance constraints were not imposed.

Results

Construct Validity of TIMSS Math Self-Concept and Affect Factors

We begin with an evaluation of correlations among the four latent factors to evaluate the construct
validity of the self-concept and affect constructs. Consistent with previous research reviewed ear-
lier, the self-concept and affect factors are substantially correlated in all four groups (.702 to .792;
Table 1). Although the size of this correlation is sufficiently large to call into question the discrimi-
nant validity of responses to these two factors, the correlation is significantly less than 1.0 in all
four groups (standard errors (SEs) vary from .013 to .032). Although the correlation between math
self-concept and affect is high in all four groups, it is significantly smaller in the two U.S. groups
(boys, .702; girls, .709) than for Saudi girls (.742) and particularly for Saudi boys (.796).
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Table I. Correlations (and Standard Errors) Among the Constructs for the Four Groups.

Saudi girls Saudi boys

sC AF ASP ACH sC AF ASP ACH
sC 1.0 1.0
AF 0.742 (.032) 1.0 0.796 (.035) 1.0
ASP 0.300 (.037) 0.660 (.022) 1.0 0.445 (.041)  0.683 (.024) 1.0
ACH  0.525(.041) 0.150(.042) -0.016 (.035) 1.0 0.589 (.036)  0.142 (.039) 0.049 (.035) 1.0

US girls US boys

sC 1.0 1.0
AF 0.709 (.013) 1.0 0.702 (.015) 1.0
ASP 0.450 (.019) 0.645 (.013) 1.0 0.500 (.017)  0.693 (.013) 1.0
ACH 0490 (.019) 0.198(.025) 0.121 (.022) 1.0 0.492 (.018)  0.226 (.025) 0.195(.024) 1.0

Note. Estimated correlations (with standard errors in parentheses). The results are based on a single-level model with full invariance
over factor loadings (for further details, see Model 3d in Supplemental Materials). SC: self-concept; AF: affect; ASP: coursework
aspirations; ACH: achievement.

We then pursued tests of the convergent and discriminant validity of these self-concept and
affect factors by relating them to two validity correlates: achievement and coursework aspira-
tions. Consistent with a priori predictions, achievement was substantially more highly correlated
with self-concept (.490 to .589; see Table 1) than affect (.150 to .226), while coursework aspira-
tions were substantially more correlated with affect (.645 to .693) than self-concept (.300 to
.500). In summary, this pattern of correlations among the latent constructs provides strong sup-
port for the convergent and discriminant validity of the self-concept and affect constructs, which
is consistent over all four (gender-by-country) groups.

Latent Mean Differences

Latent mean country and gender differences. Based on the preliminary tests of measurement invari-
ance (see Supplemental Materials), we are now in a position to evaluate latent mean differences
(Table 2). Particularly because of the extreme single-sex nature of the Saudi school system (see
earlier discussion), gender differences in the two countries are of special interest. Consistent with
the 2 country x 2 gender design, using the Mplus model constraint option we partitioned mean
differences into main and interaction effects of country and gender, and simple-main effects of
gender differences within each country and of country differences within each gender (in Table 2,
under the heading “tests of statistical differences”).

Consistent with a priori predictions, gender-by-country interactions are all large and highly
significant for self-concept, affect, achievement, and coursework aspirations. However, the largest
and most dramatic differences are for achievement, where U.S. students scored substantially
higher than Saudi students. However, this main effect of country interacted with gender. Although
small gender differences favoring boys in the United States were not statistically significant, Saudi
girls scored substantially higher than Saudi boys (see simple main effects of gender in Table 2).

For self-concept, affect, and aspirations, the country-level differences were smaller than those
observed for achievement (see main effects of country in Table 2). Nevertheless, effects of coun-
try, gender, and their interaction are all statistically significant for all three of these constructs
(Table 2). Of particular interest is the juxtaposition between differences in achievement and those
in self-concept, affect, and aspirations. In contrast to substantially higher achievement scores in
the United States, Saudi students scored higher than U.S. students for all three of these con-
structs. In Saudi Arabia—again in contrast to achievement scores favoring girls—Saudi boys had
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Table 2. Latent Means and Significance Tests of Differences in Country, Gender, and Their Interaction.

Latent means

Saudi Arabia United States
Girls Boys Girls Boys
Scale M (SE) M (SE) M (SE) M (SE)
SC 0.000 (.000) 0.000 (.039) -0.289 (.033) -0.159 (.033)
AF 0.000 (.000) 0.154 (.057) -0.237 (.047) -0.223 (.048)
ASP 0.000 (.000) 0.192 (.052) -0.601 (.043) —0.585 (.044)
ACH 0.000 (.000) -0.192 (.047) 1.369 (.039) 1.393 (.041)
Tests of Statistical Differences
Main and Interaction Effects Simple Main Effects: Gender Simple Main Effects: Country

Country Gender Interaction Saudi Arabia  United States Girls Boys
Scale M (SE) M (SE) M (SE) M (SE) M (SE) M (SE) M (SE)
sC 0.448 (.051)  0.130 (.047) -0.130 (.047) 0.000 (.039) 0.130(.026) 0.289 (.033)  0.159 (.036)
AF 0.614 (.069)  0.168 (.063) 0.140 (.063)  0.154 (.057) 0.014 (.026) 0.237 (.047)  0.377 (.045)
ASP 1.377 (.063)  0.208 (.058) 0.176 (.058)  0.192 (.052) 0.016 (.026) 0.601 (.043) 0.776 (.043)
ACH -2.954 (.066) -0.168 (.053) —0.216(.049) -0.192(.047) 0.024 (.020) —1.369 (.039) -—1.585 (.043)

Note. Estimated latent means (with standard errors in parentheses). The results are based on a single-level model with full invariance
over factor loadings and partial invariance of item intercepts across the four (2 gender x 2 country) groups. (For further details, see
Model 3d in Supplemental Materials.) Using the model constraints, we then test main and interaction effects of country and gender,

followed by simple main effects of gender within each country and of country within each gender. SC = self-concept; AF = affect;
ASP = coursework aspirations; ACH = achievement; SE = standard error.

significantly higher scores for affect and aspirations, but did not differ significantly from Saudi
girls for self-concept (see simple main effects of gender for Saudi students in Table 2). In the
United States, non-significant gender differences favoring boys for achievement are consistent
with small non-significant gender differences favoring boys for affect and coursework aspira-
tions. However, even though U.S. boys do not differ from U.S. girls in terms of math achieve-
ment, boys score significantly higher than U.S. girls on math self-concept (see simple main
effects of gender for U.S. students in Table 2).

In summary, U.S. students had substantially higher achievement scores, but Saudi students
had higher self-concept, affect, and aspiration scores. Gender differences in these three con-
structs were small, but tended to favor boys across both countries. However, the most dramatic
gender difference between the two countries was for achievement. Whereas U.S. boys tended to
score non-significantly higher than U.S. girls, Saudi girls had substantially higher achievement
test scores than did Saudi boys. Nevertheless, these achievement differences in favor of Saudi
girls did not seem to translate into enhanced self-concept, affect, or aspirations. In both countries,
gender differences in math self-concepts favored boys to a substantially greater extent than would
be predicted by gender differences in achievement.

BFLPEs of Class-Average Achievement on Self-Concept, Affect, and Aspirations

The BFLPE predicts that individual student achievement has a positive effect on academic self-
concept, but that class-average achievement has a negative effect on self-concept. Substantial
support for the BFLPE exists, based primarily on Western and, to a lesser extent, Asian countries.
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Table 3. BFLPEs and ESs: Tests of Statistical Significance for the Four (2 Country X 2 Gender) Groups.

BFLPE (SE) ES (SE) BFLPE (SE) ES (SE)
Saudi Arabia
SC -0.216 (.123) -0.311 (.176) -0.251 (.085) -0.396 (.135)
AF -0.572 (.226) -0.704 (.278) -0.588 (.128) -0.791 (.174)
ASP -0.433 (.182) -0.468 (.196) -0.436 (.121) -0.515 (.144)
United States
SC -0.459 (.060) -0.476 (.062) -0.369 (.054) -0.405 (.059)
AF -0.379 (.072) -0.335 (.064) -0.273 (.063) -0.255 (.059)
ASP -0.312 (.070) -0.242 (.054) -0.191 (.069) -0.157 (.056)
Tests of Statistical Differences
Country Gender Interaction
M (SE) M (SE) M (SE)
SC 0.173 (.239) -0.014 (.229) -0.156 (.222)
AF -0.905 (.326) -0.008 (.354) 0.167 (.345)
ASP -0.584 (.249) 0.038 (.253) -0.132 (.255)

Note. ESs were computed in relation to the same total group standard deviations for each group. Tests of statistical
significance evaluated the main effects of country and gender, and their interaction, for each of the three dependent
variables. BFLPE estimates are the contextual effects of class-average achievement for each group. The results are
based on a doubly latent multilevel model of contextual effects with full invariance over factor loadings and partial
invariance of item intercepts across the four (2 gender x 2 country) groups, and full invariance of factor loadings over
the individual student level (L1) and class level (L2) with latent aggregation of indicators from LI to L2. (For further
details, see discussion of Model 5c in Supplemental Materials.) BFLPE = Big-Fish-Little-Pond Effect; ES = effect size;

SC = self-concept; AF = positive affect; ASP = coursework aspirations; SE = standard error.

In the present investigation, we test this BFLPE for apparently the first time in Saudi Arabian
boys and girls, compare the size and direction of the effect with those based on U.S. boys and
girls, and evaluate the generalizability of the effects on self-concept to those for positive affect
and coursework aspirations. Critical issues are the generalizability of the BFLPE over country,
gender, and the different constructs. Of particular relevance is the question of whether there are
differences between the BFLPE for boys and girls in the coeducation classes in the United States
compared with the single-sex classes in the Saudi Arabia.

Results presented earlier (Table 1) showed that the positive correlations of math achievement
with self-concept, affect, and aspirations were reasonably consistent across the four (2 gender x
2 countries) groups based on the single-level Model M3d. Here we extend this model into a dou-
bly latent multilevel model to evaluate the additional effects of class-average achievement. In
this doubly latent contextual model, the interpretations of contextual effects are facilitated by the
invariance of factor loadings over the individual student (L1) and class-average (L2) levels.

In support of the generalizability of the BFLPE, the contextual effects of class-average
achievement on self-concept, positive affect, and aspirations were all significantly negative for
each of the four (2 gender x 2 countries) groups (Table 3). To evaluate the generalizability of
these effects further, we partitioned these effects into tests of the main effects of country and
gender, and their interaction. There were no statistically significant differences in the size of the
BFLPE:s as a function of gender, and this non-effect of gender did not vary according to country.
For self-concept, there were no significant differences in the size of the BFLPEs. However, the
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BFLPEs were significantly larger for Saudi students than for U.S. students for positive affect
(p <.01) and coursework aspirations (p <.05; see main effects of country in Table 3).

In summary, the results of the present investigation provide very strong support for the general-
izability of the BFLPE—the negative contextual effect of class-average achievement. The BFLPE
was significantly negative for self-concept (the traditional basis of BFLPE tests), positive affect,
and coursework aspirations. In support of the cross-cultural generalizability of the BFLPE, the
effects were all significantly negative in tests based on responses by Saudi boys and girls, as well
as those based on U.S. boys and girls. Indeed, the negative effects of class-average achievement for
affect and aspirations were even more negative for Saudi students than for U.S. students.

Summary and Discussion

The TIMSS studies represent a primary basis for international comparisons and benchmarking
countries in terms of educational achievement in math and science. Interestingly, in addition to this
primary focus on standardized achievement tests, TIMSS has also focused on self-concept and
affective constructs in each data collection. In the present investigation, we evaluated the psycho-
metric properties of TIMSS responses for boys and girls from Saudi Arabia and the United States,
compared latent mean differences across the four (2 gender x 2 country) groups, and tested the
generalizability of the BFLPE across the four groups and across different constructs (self-concept,
positive affect, and coursework aspirations). In particular, the juxtaposition of the U.S. and Saudi
data is of broad interest to cross-cultural researchers because of the substantial differences between
the two countries (e.g., gender differences in Saudi Arabia, with its single-sex school system and
highly gender-differentiated systems across all ages). Although U.S. schools have increasingly
been compared with those from Asian countries (e.g., Liu & Meng, 2010), there has not previously
been a rigorous comparison of U.S. and Saudi results based on the TIMSS data.

Construct Validity of TIMSS Self-Concept and Affect Measures

We started this investigation (see the online Supplemental Materials) with a preliminary evalua-
tion of the psychometric properties of the scales used in TIMSS 2007 to assess the constructs of
interest. These analyses demonstrated the full invariance of the factor loadings and the partial
invariance of item intercepts across the four groups (2 genders x 2 countries), as well as the need
to rely on latent-variable methodologies due to the non-invariance of measurement errors and
negative-item method effects. Following these preliminary analyses, we moved to the investiga-
tion of the discriminant validity, a critical aspect of the construct validity and usefulness of multi-
factor constructs. Despite the substantial correlations between self-concept and positive affect,
consistent with a priori predictions we found clear support for the discriminant validity of these
two constructs; achievement was substantially more correlated with self-concept than positive
affect, while plans to pursue further study were more strongly correlated with positive affect than
self-concept. Following this preliminary support for measurement invariance and construct
validity, we then looked at latent mean differences as a function of country, gender, and their
interaction.

Country Differences in Achievement, Self-Concept, Affect, and Aspirations:
Paradoxical Cross-Cultural Self-Concept Effects

Our results were also consistent with the paradoxical cross-cultural self-concept effects identi-
fied by Shen and Tam (2008), as well as with an extensive body of multi-national self-concept

research, showing that self-concept and achievement are correlated positively at the student level
but negatively correlated at the country level. In particular, Saudi students scored substantially
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lower than U.S. students in terms of academic achievement but had consistently higher scores for
self-concept, positive affect, and coursework aspirations. Previous research in this area has
mainly focused on comparisons of U.S. students with those from East Asian countries, showing
that U.S. students have higher self-concepts but lower achievement test scores. However, our
results show that the findings also generalize to countries with aggregate levels of achievement
below the level commonly observed in the U.S.. Thus, the paradoxical cross-cultural self-con-
cept effect suggests that Saudi self-concepts would be higher than U.S. self-concepts, even
though Saudi achievement scores were substantially lower. Hence, our results are consistent with
and extend this well-established pattern of results in a methodologically strong study.

Part of the explanation for this effect lays in well-established frames of reference effects on
self-concepts that are the basis of the BFLPE. Saudi students form their self-concepts in relation
to other Saudi students and not to U.S. students. These frames of reference effects explain why
achievement is as highly related to self-concept, affect, and aspirations in Saudi Arabia as it is in
the United States, as well as why these constructs are of a similar level in Saudi Arabia and the
United States, even though achievement levels are different. However, these constructs are higher
in Saudi Arabia than in the United States, something that cannot readily be explained by these
frames of reference effects. The single-sex educational setting of Saudi Arabia further compli-
cates this issue by making the Saudi frames of reference specific to each gender (i.e., boys have
little opportunity to compare their performances with girls, or vice versa). Clearly, inherent cul-
tural differences in the willingness to express positive things about oneself, particularly in highly
evaluative constructs like self-concept (Marsh et al., 2006), might be at play. According to Shen
and Pedulla (2000; also see Shen & Tam, 2008), this pattern may reflect “low academic expecta-
tions and standards in low performing countries and high academic expectations and standards in
high performing countries” (p. 237). Likewise, Abu-Hilal’s (2001) reported that Arab students
typically receive uniformly high school marks and less diagnostic feedback about their academic
achievement, and that the socialization process leads particularly Arab boys to be less critical of
themselves. Hence, they are likely to be less able to objectively assess their specific profiles of
strengths and weaknesses, so that their self-concepts are higher than it might be expected. In
summary, while our results are consistent with well-established findings from other research, a
full explanation requires more research. Particularly fruitful lines of research might be to more
fully integrate doubly latent multilevel models of the BFLPE, country-level latent constructs, and
cultural value research (e.g., Minkov, 2008).

Gender Differences in Saudi Arabia and the United States

Because of the gender-segregated nature of Saudi schools and society more generally, the gender
differences observed in the present study provide important insights into our understanding of the
aforementioned paradoxical results. Based on previous research, we predicted that gender differ-
ences in achievement would favor girls and be larger in Saudi Arabia than in the United States.
However, we left as an open question whether these differences would generalize to self-concept,
affect, and aspiration constructs. In relation to math achievement, the results were completely
unambiguous. Gender differences interacted strongly with country (p < .001) in that Saudi girls
had significantly higher levels of math achievement than Saudi boys, while in the United States
there were small, non-significant differences in favor of boys. In the TIMSS technical reports (also
see Marsh et al., 2013), there are only very small gender differences for achievement, in favor of
girls, averaged across all participating countries, but in a number of countries the gender differ-
ences in favor of girls are quite substantial. Of particular relevance to our study, the countries with
the largest gender differences in favor of girls in math are almost all Middle Eastern Islamic coun-
tries (six out of seven). Thus, substantial gender differences in favor of girls seem to generalize
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across many Islamic countries, a difference that might be explained by the fact that girls tend to
spend more time and exert more effort on schoolwork in general (e.g., Abu-Hilal, 2001).

However, gender differences favoring Saudi girls over Saudi boys in achievement were not
translated into the corresponding differences in self-concept, affect, and aspirations. We suggest
that this pattern of results can be explained by a combination of frame of reference effects, single-
sex schools, and perhaps gender stereotypes that remain more firmly entrenched in Saudi Arabia
than in the United States. In particular, girls in single-sex classes are only exposed to other girls,
so that they have no basis for comparing themselves with boys. Consistent with the frame of
reference effects found in many self-concept studies, it is thus reasonable that girls’ higher
achievement scores are not necessarily translated into higher self-concept, affect, and aspirations.
Indeed, consistent with this explanation, Saudi boys and girls had similar math self-concepts.
However, this does not explain why Saudi girls scored lower than boys for positive affect and
coursework aspirations in mathematics. Although this is beyond the scope of the present investi-
gation, we suggest that these differences are specific to math-related school subjects and continu-
ing gender stereotypes in relation to specific academic subjects that are more deeply entrenched
in Saudi Arabia than in the United States. However, we note that in both countries the gender
differences in favor of boys for math self-concepts are substantially higher than would be pre-
dicted by gender differences in math achievement.

BFLPE Generalizability Across Countries, Genders, and Psychosocial Variables

According to the BFLPE, individual student achievement contributes positively to self-concept,
but class-average achievement contributes negatively. A growing body of empirical support dem-
onstrates that the BFLPE is remarkably robust, particularly given the initially counter-intuitive
nature of the findings, the controversy that surrounds it, and the important policy implications for
academic tracking, streaming, and selective schools (Marsh et al., 2008). Although there is strong
cross-cultural support for the BFLPE, based largely on PISA data, and though each successive
wave of PISA data has included a larger and more diverse group of countries, the selection of
countries is skewed toward Western and OECD countries and, more recently, Asian countries. Of
particular relevance to the present investigation, PISA was not conducted in Saudi Arabia. We
also note that critics of PISA point to idiosyncrasies in PISA data that might undermine the gen-
eralizability of BFLPE cross-cultural research based on PISA, while others point to potentially
important differences between PISA and TIMSS. Of particular relevance to the present investiga-
tion, frames of reference for PISA data are inferred from the more distal school-average achieve-
ment and are further complicated by the fact that the target group of 15-year-olds typically
represents two or more year cohorts. In contrast, for TIMSS data these are inferred from the more
proximal classroom-average achievement based on all students from intact classrooms (see ear-
lier discussion of the local dominance effect). For these reasons, we undertook the present inves-
tigation of TIMSS data to evaluate the BFLPE for boys and girls in Saudi Arabia.

The results of our study are very clear. The effects of class-average achievement were negative
in each of the four groups for self-concept, positive affect, and coursework aspirations. For self-
concept, the focus of most previous research, there were no significant differences between the
size of the BFLPE in Saudi Arabia and the United States. Indeed, for positive affect and course-
work aspirations, the BFLPE was actually somewhat larger in Saudi Arabia than in the United
States. However, although statistically significant due in part to the large sample sizes, these dif-
ferences were modest in relation to the corresponding standard errors (i.e., ps between .05 and .01
for one effect and slightly less than .01 for the other). We predicted a priori that at least the direc-
tion of the BFLPE in relation to math self-concept would generalize over all four (2 gender x 2
country) groups, and there was very strong support for these predictions. We also suggested that
the negative effects of class-average achievement would also generalize to positive affect and
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aspirations, although there is much less research based on these constructs (but see Nagengast &
Marsh, 2011); there was clear support for these suggestions. Although not predicted a priori, the
finding that the BFLPE for positive affect and aspirations was somewhat larger for Saudi students
than for U.S. students warrants further research. Nevertheless, for us, the most important finding
was that the negative direction of the BFLPE was consistent across all four (2 country x 2 gender)
groups for each of the three constructs (self-concept, positive affect, and aspirations).

A critical limitation of our study and earlier PISA studies is that their cross-sectional design
makes causal interpretations more problematic. However, there is a large body of academic self-
concept research that addresses these concerns (see Marsh, 2007; Marsh et al., 2008). Quasi-
experimental longitudinal studies (e.g., Marsh et al., 2000) show that students’ academic
self-concept declines when students shift from mixed-ability schools to academically selective
schools over time (based on pre-post comparisons), compared with students matched on aca-
demic ability who continue to attend mixed-ability schools. Furthermore, there is also support
for the BFLPE in true experimental studies in laboratory settings where frames of reference are
experimentally manipulated and students randomly assigned to conditions (Zell and Alicke,
2009; see also Alicke et al., 2010; Buckingham & Alicke, 2002). There is support for the BFLPE
in studies where achievement is based on tests administered before students began high school
(e.g., Marsh et al., 2000). Extended longitudinal studies (Marsh et al., 2000; Marsh et al., 2007)
show that the BFLPE grows more negative the longer students attend a selective school and is
maintained even 2 and 4 years after graduation from high school. Also, there is good support for
the theoretical underpinnings of the BFLPE, as it is largely limited to academic components of
self-concept and is nearly unrelated to nonacademic components of self-concept and to self-
esteem (Marsh, 1987; Marsh & Parker, 1984). In summary, the BFLPE is a very robust effect.

Appendix
Content and Reliability of TIMSS Constructs Used in This Study

Math Self-concept (SC):
Reliability. SC: SA, .49; US, .84; INT .73.
| usually do well in math (SCpl)
Math is harder for me than for many of my classmates (SCn2)
| am just not good at math (SCn3)
I learn things quickly in math (SCp4)
Math Positive Affect (Aff).
Reliability. Aff: SA, .72; US, .86; INT, .81)
| enjoy learning math (AffP1)
Math is boring (AffN2)
| Like math (AffP3)
Math Coursework (Crse)
| would like to do more math in school (single item)
Math Achievement (Ach).
Composite based on algebra; data & chance; number; geometry
Cluster (class ID; school ID; complex design cluster by class)
Country (country ID; 2 = US; | = Saudi)

Note. Reliability estimates are Cronbach’s alpha estimates reported in the TIMSS 2007 Technical Manual (Olson,
Martin, & Mullis, 2008). Responses to the math self-concept, positive affect, and coursework were all along the same
4-point Likert-type (agree—disagree) response scale. TIMSS = Trends in International Mathematics and Science Study;
SC = self-concept; Aff = Affect; SA = Saudi Arabia median international value; US = United States median international
value; INT = international.
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