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This study drew on expectancy-value theory (EVT) to examine the relations between mathematics motivation
(academic self-concept and task values) and student background variables in predicting educational outcomes.
Using latent-variable models with latent interactions, we investigated the multiplicative effect of self-concept
and value, which is central to classic EVT. The mediating role of motivation and gendered patterns was also
explored. Hong Kong's TIMSS dataset for three cohorts (1999, 2003, and 2007) was used over a period where
the education system had experienced considerable changes, providing a strong test of the robustness of these
findings. The results suggested: (a) self-concept is more important for students with lower utility values in
predicting their educational outcomes; (b) while boys and girls had similar levels of math self-concept and
values, girls tended to have higher mathematics achievement and educational aspirations; (c) family socioeco-
nomic status is more strongly linked to educational aspirations for boys.
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Expectancy-value theory (EVT), beginning with the seminal work of
Atkinson (1957), continues to be one of the most dominant theories of
achievement motivation (Eccles, 1994, 2009). EVT proposes that expec-
tancy of success in a given task and the degree to which this task is
valued are determinants of achievement-related performance and
choices (Eccles, 1994, 2009). Although Eccles and her colleagues
(Eccles, 1994, 2009; Eccles & Wigfield, 2002; Eccles (Parsons) et al.,
1983) elaborated multiple components of subjective task values and
linked motivational beliefs to other psychological, social, and cultural
factors, the multiplicative relation between expectancy and value,
which was the cornerstone of classic EVT (Atkinson, 1957), has been
less researched. This gap could be due to the lack of advanced statistical
techniques suited to measuring expectancy by value interactions. With
recent developments of latent variable approaches to interaction effects,
researchers are now able to more accurately analyze the latent interac-
tions inherent in classic EVT (Marsh, Wen, & Hau, 2004; Nagengast et al.,
2011; Trautwein et al.,, 2012). However, these empirical studies only
considered one component of task values with expectancy when testing
the interactive relation, which is inconsistent with the assumption of
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EVT that multiple task values simultaneously influence achievement-
related outcomes.

In addition, in the EVT model, the association of children's back-
grounds, including gender role socialization and family socioeconomic
status (SES), with educational outcomes is believed to be mediated
through expectancy and task values. Even though recent studies have
demonstrated that motivational beliefs play a significant role in mediat-
ing the relation of gender and SES with educational outcomes (e.g., De la
Fuente, Sander, & Putwain, 2013; Nagy, Trautwein, Baumert, Koller, &
Garrett, 2006; Nagy et al., 2008; Parker et al., 2012), few studies have
considered both expectancy and multiple task values together and com-
pared direct and indirect effects when investigating the mediating role
of motivational beliefs.

Therefore, our aim is to provide a comprehensive test of EVT, includ-
ing the multiplicative relation and mediating role of math expectancy
and task values on math academic achievement and educational aspira-
tions. Given that social and cultural processes are achievement-related
behaviors (Eccles, 2009), we also explore gender differences in the rela-
tions of SES and motivational beliefs with educational outcomes, partic-
ularly in the multiplicative relation between expectancy and task
values. For robustness of the analysis, we include data from multiple
cohorts (1999, 2003, 2007) of Hong Kong students who participated
in the Trends in International Mathematics and Science Study
(TIMSS). The substantial changes in the Hong Kong education system
resulting from major educational reforms from the year 2000
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(Education Commission, 2000) together with the handover of sover-
eignty from the UK to China in 1997 (Dimmock & Walker, 1997) provide
us with an interesting context for testing the salience of EVT predictions.
Specifically, consistency of results across this historically important
period would provide a strong test of the robustness of predictions
based on EVT.

1. Expectancy-value theory

The modern EVT model posits that achievement-related perfor-
mance is most directly influenced by the individual's expectancies of
academic success and a subjective assessment of the inherent value of
the academic task. However, socialization processes linked to various
cultural and social settings (e.g., school and family) introduce individual
differences in motivational beliefs, leading to differential performance.
Modern EVT (Eccles (Parsons) et al., 1983) defines expectancy of suc-
cess as a task-specific belief about the possibility of experiencing future
success in that task that is directly related to one's evaluation of one's
competency within a specific academic domain (e.g., academic self-
concept, Marsh, 1986). Following Eccles and colleagues (Eccles, 2009;
Eccles & Wigfield, 2002; also see Nagengast et al., 2011; Nagy et al.,
2008), here we use academic self-concept as a measure of expectancy
of success.

Modern EVT distinguishes between multiple components of value
(Eccles & Wigfield, 2002). In the current study, we focus on two value
components: intrinsic value that refers to the enjoyment a person
gains from performing an activity; and utility value, relating to how a
specific task fits within individual future plans and objectives. Expectan-
cy and value are both known to be domain specific (Eccles & Wigfield,
2002; Wigfield & Eccles, 2002). Research has shown that competence
beliefs are related positively to several different dimensions of value
within a specific domain, but that the relations involving intrinsic
value seem to be the strongest (Wigfield & Eccles, 2002). In cross-
sectional and longitudinal studies, there is growing evidence of expec-
tancy beliefs having a strong influence on achievement, while value
beliefs have stronger influence on choice, effort, and persistence in
achievement-related activities (Gasco & Villarroel, 2014; Marsh,
Trautwein, Liidtke, Kéller, & Baumert, 2005; Nagengast et al., 2011;
Trautwein et al., 2012).

2. Multiplicative effect of expectancy and task value

The classic EVT conceptualization emphasizes the presence of the
multiplicative combination of expectancy and value (Atkinson, 1957).
More precisely, both high expectancy beliefs and task values were
seen as essential for attaining high academic achievement and guiding
educational aspirations. That is, expectations and subjective values
were proposed to combine multiplicatively to determine the outcomes
(Feather, 1982). Nevertheless, tests of EVT models are primarily addi-
tive in nature (where two or more predictors uniquely and indepen-
dently predict the outcome variable) rather than multiplicative. Over
time, this has led to the disappearance of possible multiplicative interac-
tion effects from EVT research (see Nagengast et al., 2011). A possible
reason for the omission of the interaction term was the lack of appropri-
ate methods for testing multiplicative relations (see Appendix A in Sup-
plemental material for more discussion). However, applied researchers
now have access to new methods for testing latent interactions.
Nagengast et al. (2011) found significant multiplicative relations
between self-concept and intrinsic value on extracurricular activities
and aspirations across 57 countries based on the Programme for Inter-
national Student Assessment (PISA) 2006 data. In a study with a Ger-
man sample, Trautwein et al. (2012) also found evidence of the
significant multiplicative effects of expectancy and four subcomponents
of value (attainment, intrinsic value, utility value, and cost), each con-
sidered separately, on English and math achievements. These findings
have yet to be replicated with a stronger analytic approach to examine

multiple predictions of multiple outcomes across multiple data points
within the same study.

3. Family background and gender

According to the EVT framework (Eccles, 2007, 2009), parents
provide social-emotional influences on children's motivation beliefs
which in turn influence children’s educational performance and aspira-
tions (Eccles, 2007, 2009). Because parents' beliefs and behaviors are
associated with their socio-economic status (SES), families with higher
SES are likely to produce more positive outcomes for children (Eccles,
2009). However, the majority of the literature on family SES has focused
on direct, positive effects of SES on children's academic achievement
(see Sirin, 2005 for a review), perceived competence and task beliefs
(Eccles, 2007) and children's expectations of how far they will go in
school (Halle, Kurtz-Costes, & Mahoney, 1997). More recent research
has started to investigate the mediation effects of motivational beliefs,
suggesting that the relations of SES to academic achievement and
educational aspirations are partially mediated by motivation variables
(Grolnick, Friendly, & Bellas, 2009).

Likewise, based on EVT (Eccles, 2009), gender exerts influences on
achievement-related behaviors through its associations with motiva-
tional beliefs. In other words, gender differences in achievement-
related behaviors are mediated by gender differences in motivational
beliefs (Eccles, Barber, & Jozefowicz, 1999; Nagy et al., 2006, 2008;
Simpkins, Davis-Kean, & Eccles, 2006). Multiple studies have reported
more positive math self-concepts, attitudes and affect for males
(Eccles & Wigfield, 2002; Marsh & Yeung, 1998; Marsh et al., 2013).
However, in recent decades, growing evidence in cross-national meta-
analyses (Else-Quest, Hyde, & Linn, 2010; Lindberg, Hyde, Petersen, &
Linn, 2010) shows gender similarities in math achievement. Further-
more, there has been a dramatic increase in females' educational aspira-
tions, and particularly in secondary school, females tend to report
higher educational aspirations than their male counterparts (Schoon &
Polek, 2011). Although the mediating role of motivation factors has
been widely addressed in the literature (e.g., Parker et al., 2012), appar-
ently no previous studies have considered both self-concept and multi-
ple task values and their multiplicative effects simultaneously and
examined the direct, indirect and total effects of gender and SES to
educational outcomes.

In addition to mediation effects, gender also exerts moderation
effects (Eccles, 2009; Nagy et al., 2006; Simpkins et al., 2006; Watt
et al,, 2012). However, research so far has yielded mixed evidence
regarding gender differences when examining the relations among
SES, motivational beliefs, and academic outcomes across different
cultures. For example, math utility value was found to play a more
important role for educational aspirations in Australian high school
female samples, whereas the relation between math motivation
beliefs and educational aspirations did not vary by gender in samples
from the USA and Canada (Watt et al., 2012). In addition, the relation
between SES and educational aspirations did not vary by gender in
the UK sample (Schoon & Polek, 2011), whereas the relation was
stronger for African-American males (Trusty, 2002). However, very
little research has examined whether the relationships among SES,
motivational beliefs, and educational outcomes, vary as a function
of gender in an Asian context.

4. The Hong Kong context

In 1997, Hong Kong experienced its largest social change—the hand-
over of sovereignty from the UK to China. Among the many effects of
this change of government, there have been profound changes in the
Hong Kong educational system. Since the changeover, a number of
new initiatives have been implemented with the attempt to enhance
the quality of school education. They include a Medium of Instruction
Guidance for Secondary Schools to reinforce the ‘biliterate and
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trilingual’ policy (1998); support for information technology in educa-
tion (1998); a series of new curriculum reforms (2001); and systemic
and structural changes including basic competency assessments,
changed structures in secondary and higher education, and the imple-
mentation of Liberal Studies as a new curriculum domain (2004; see
Chong, 2012). These policies and initiatives at various levels (system,
school, class, and student levels) have led to substantial changes in the
Hong Kong educational system after the handover. In particular, the
numbers of English-medium schools have significantly decreased from
around ninety percent to only a quarter of secondary schools after In-
struction Guidance was implemented (Zhu & Leung, 2011).

Within what they called a ‘non-intervention period’, Marsh, Hau,
and Kong (2000) showed that the second-language medium
(i.e., English in the Hong Kong Chinese context) had substantially nega-
tive effects on math achievement and academic self-concepts in other
school subjects (see Appendix B in Supplemental material). Further to
the change of medium of instruction for many students, education and
curriculum reforms in math education have been successively imple-
mented in Hong Kong since 1999 (Leung, 2006). These reforms have
placed an increased emphasis on the enhancement of students' learning
motivation (e.g., establishing confidence in and positive attitudes to
math) (Education Commission, 2000). Nevertheless, influenced by the
Confucian heritage culture that has a strong academic achievement ori-
entation of the Chinese culture, Hong Kong students' intrinsic motiva-
tion is often dominated by extrinsic values (Luo, Hogan, Yeung, Sheng,
& Aye, 2013; also see Appendix B in Supplemental material).

5. The present investigation

The purpose of this study was to investigate the multiplicative rela-
tions of expectancy and value on outcome variables, which seems to
have disappeared from the modern EVT model (Nagengast et al.,
2011; Trautwein et al., 2012). Further, we examine how students' back-
ground variables (gender and SES) predict self-concept and task values,
which in turn influence math achievement and educational aspirations.
Also, we explore whether the relationships among SES, motivational be-
liefs and outcomes, including the latent interaction, vary by gender. The
hypothesized model (see Fig. 1) was built on the basis of the EVT frame-
work (Eccles, 1994, 2009). First, we hypothesized math self-concept to
be a stronger predictor of mathematics achievement, and value to be a
stronger predictor of educational aspiration, when both expectancy
and value are considered simultaneously (e.g., Eccles & Wigfield,
2002; Marsh et al., 2013). More importantly, we anticipated the multi-
plicative effect of self-concept and value on outcome variables to be
significant, indicating that students with both high self-concept and
value would be likely to have higher achievement and aspirations. Sec-
ond, we expected that self-concept and task values would significantly
mediate the relationships between SES and gender and educational
outcomes. Third, given the absence of a strong empirical basis for mak-
ing predictions about whether the associations among SES, motivational
beliefs and academic outcomes will function differently for boys and
girls, we treat the gender moderation analysis as a research question.

Finally, despite the huge societal changes in Hong Kong with the change
in government, we expected robust effects predicted by EVT outlined
above to remain relatively unaffected.

6. Method
6.1. Participants

The target population was Hong Kong Grade 8 students who partic-
ipated in the TIMSS 1999, 2003 and 2007 waves. TIMSS employed a very
efficient method to attain accurate and representative samples through
a two-stage sampling procedure (e.g., Mullis et al., 2000). The first stage
comprised a sample of schools; the second comprised a single classroom
selected randomly from the different grades in the sampled schools
(Martin, Mullis, Foy, & Olson, 2008). As a result of this selection process
in Hong Kong, the 5179 students (49.3% girls, 50.7% boys), 4972 (50.4%
girls, 49.6% boys), and 3470 (50.4% girls, 49.6% boys) formed the three
samples in the present study. The average age of these students was
14.4 at the time of TIMSS testing in 1999 (Mullis et al., 2000), 2003
(Mullis, Martin, Gonzalez, & Chrostowski, 2004), and 2007 (Martin
et al., 2008).

6.2. Measures

The measures of the student background variables (gender and SES),
expectancy-value constructs and achievement-related and aspiration
outcomes were selected from the student-background questionnaire.
All motivation items were answered on a 4-point Likert scale (from 1
“disagree a lot” to 4 “agree a lot”). Higher values represented more
favorable responses (see Appendix C in Supplemental material).

Expectancy. The math self-concept scale was used to assess students' ex-
pectancy of success. The scale consisted of four items in TIMSS 2003 and
2007, but five items in TIMSS 1999 (e.g., “I usually do well in mathemat-
ics”). Reliability of this scale was good (Cronbach's alpha oo = .772 to
.808).

Task value. TIMSS (see Olson, Martin, & Mullis, 2008) created a scale of
Students' Positive Affect Toward Mathematics (PATM) to assess the af-
fect experienced when participating in math-related activities (e.g., “I
enjoy learning mathematics”), in line with the notion of intrinsic value
(MIV) in the modern EVT (Eccles (Parsons) et al., 1983). Likewise, the
TIMSS Students Valuing Mathematics (SVU) scale is similar to utility
value (MUV) in the modern EVT (Eccles (Parsons) et al., 1983), which
assesses how well math achievement relates to current and future
goals (e.g., “I need to do well in mathematics to get the job I want”).
These two constructs demonstrated very good reliability across three
cohorts (ot = .763 to 863).

Academic achievement. Students' math achievement used in the present
study was derived from the TIMSS math test. TIMSS relied on Item Re-
sponse Theory (IRT) scaling to assess achievement and obtain accurate

Individual characteristics
Gender
Socioeconomic status (SES)

Motivation factors
Math self-concept (MSC)
Math intrinsic value (MIV)
Math utility value (MUV)
MSC by MIV interaction
MSC by MUYV interaction

Educational outcomes

Math achievement
Educational aspirations

A

Fig. 1. The hypothesized model.
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measures of trends from previous assessments. TIMSS IRT scaling ap-
proach uses multiple imputations to provide proficiency scores in
math for each student, even if each student responds only to a part of
the item pool (Martin et al., 2008). Five plausible values were estimated
for each student for attaining comparable achievement scores in order
to obtain unbiased estimates.

Educational aspirations. A single item was used in the three waves of
data to assess students' education aspirations (“How far in school do
you expect to go?”). The response scale ranged from finishing upper
secondary school to beyond bachelor program.

Background variables. SES was assessed with a scale including three items
including the highest educational level of father and mother and the
number of books at home. Reliability of this scale was good (@ = .707
to 740). Gender was self-reported and coded O for girls and 1 for boys,
so that positive coefficients indicate higher scores for boys.

6.3. Data analysis

Within a structural equation modeling (SEM) framework, we used
the latent moderated structural (LMS) equation approach (Klein &
Moosbrugger, 2000) to model the latent interactions between expec-
tancy and value beliefs in predicting the outcome variables with
Mplus 7.11 (Muthén & Muthén, 1998-2013). LMS directly models the
implied non-normal distribution of the latent outcome variables and
its indicators (Kelava et al., 2011). Consistent with the assumptions of
LMS, all Confirmatory Factor Analysis (CFAs) and SEMs were estimated
using robust maximum likelihood (MLR) estimation (Klein &
Moosbrugger, 2000).

In addition, all analyses were based on TIMSS' HOUWGT weighting
variable that incorporates three components related to sampling of
the school, class and student respectively, and three associated with
non-participation at the levels of school, class and student (for more
details on the incorporation of weights in analyses, see Marsh et al.,
2013). All models were estimated while taking into account individuals'
nesting within classes and schools using the design-based correction of
standard errors available in Mplus 7.11 (using the TYPE = COMPLEX
option, see Muthén & Muthén, 1998-2013).

6.3.1. Missing data

Multiple imputations were used to account for missing responses
(Graham, Cumsille, & Elek-Fisk, 2003). Multiple imputation procedures
have been shown to be robust to departures from normality assump-
tions and to provide unbiased results even for low sample sizes or
high rates of missing data (Graham et al., 2003). For each cohort, five

imputed data sets were created and one of the five sets of plausible
achievement scores was used with each of the imputed data sets. The
final parameter estimates, standard errors and goodness-of-fit statistics
of the structural equation model (SEM) with latent interaction were
obtained with the automatic aggregation procedure implemented in
Mplus 7.11 (Rubin, 1987). Furthermore, we used a standard meta-
analysis approach (see Hox, 2010; Lipsey & Wilson, 2001) to provide
aggregated estimates for the path coefficients of each cohort (i.e., the
weighted mean effect size and standard errors; see Appendix D in
Supplemental material).

6.3.2. Negatively worded items

Method effects associated with negative item wording have been
reported in many studies (DiStefano & Motl, 2006; Marsh, 1986;
Marsh & O'Mara, 2008; Marsh, Scalas, & Nagengast, 2010). These effects
are likely to have adverse effects on goodness of fit, parameter esti-
mates, and substantive interpretations. Correlations between the
uniquenesses of all negatively worded items (two self-concept items
and one intrinsic motivation item) were thus included to the model
(Marsh et al., 2013; also see Appendix H in Supplemental material for
example syntax).

6.3.3. Goodness of fit

A number of indices were used to assess model fit. Tucker-Lewis
Index (TLI) and the Comparative Fit Index (CFI) with values greater
than .90 and .95 typically reflect acceptable and excellent fit to the
data respectively. For the Root Mean Square Error of Approximation
(RMSEA), values of less than .06 and .08 reflect a close fit and a minimal-
ly acceptable fit to the data respectively. For model comparisons,
decrease in fit for the more parsimonious model is less than .01 for
incremental fit indices like the CFI or less than .015 for the RMSEA,
then there is reasonable support for the more parsimonious model
(Chen, 2007; Cheung & Rensvold, 2002).

7. Results
7.1. Descriptive statistics and correlations

Descriptive statistics are presented in Table 1. All of the scales are
approximately normally distributed. Although multi-item scales dem-
onstrated acceptable internal reliability at three cohorts, the fact that
some items have modest factor loading reinforces the importance of
using latent variables models that include a natural control for measure-
ment errors (see Appendix C in Supplemental material). CFA was used
to evaluate the patterns of correlations among motivation factors
(MSC, MIV and MUV) and outcome variables (math achievement and

Table 1
Sample size, distribution characteristics, means, and (standard deviation) of variables by cohort and gender.
Variables MSC MIV MUV SES ASP ACH
1999
Skewness .63 —.16 0 —.59 —1.09 —.42
Kurtosis 51 0 —.21 58 54 7
Mean(SD)
Boys (N = 2624) 2.69 (.88) 2.67 (.69) 2.63 (.65) 3.37 (.76) 4.22 (1.16) 567.01 (65.98)
Girls (N = 2554) 2.59 (.81) 2.56 (.61) 2.39 (.63) 3.50 (.66) 444 (1.02) 565.40 (57.94)
2003
Skewness .08 .03 —-.29 .70 —1.09 —.58
Kurtosis —.40 —.26 .57 A45 97 .61
Boys (N = 2466) 2.62 (.68) 2.56 (.69) 2.97 (.58) 3.06 (1.26) 3.92(1.21) 581.42 (68.49)
Girls (N = 2506) 2.32 (.66) 2.37 (.66) 2.93 (.54) 3.06 (1.24) 4.04 (1.05) 583.9 (64.44)
2007
Skewness .04 —.23 — 47 .87 —.89 —.52
Kurtosis —.34 —.52 79 42 92 14
Boys (N = 1748) 2.65 (.68) 2.69 (.80) 2.99 (.63) 2.73 (1.17) 4.22 (1.28) 563.42 (88.41)
Girls (N = 1722) 2.35 (.65) 2.55 (.75) 2.93 (.58) 2.75(1.11) 4.26 (1.04) 569.88 (77.71)
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aspirations). Across the three waves, similarly high intercorrelations
among motivation factors were observed (see Appendix E in Supple-
mental material). Math self-concept was closely associated with math
intrinsic value (mean [M] r = .772, SE = .019). In terms of correlations
between motivation factors and outcomes, self-concept was more
strongly correlated with math achievement (M r = .434, SE = .019),
while utility value was more strongly associated with educational aspi-
rations (M r = .358, SE = .016). Achievement was moderately correlat-
ed with aspirations (M r = .432, SE = .030).

7.2. The hypothesized model

In our hypothesized model (Fig. 1), the effects of background vari-
ables on math achievement and educational aspirations were mediated
by expectancy and values (self-concept, intrinsic value, and utility
value) and the latent interactions (self-concept by intrinsic value, self-
concept by utility value) influenced the outcome variables. The SEM
model fitted the data well in all three samples (2007 model: y? =
1526.877, df = 283, CFI = .969, TLI = .962, RMSEA = .050; 2003
model: y? = 1911.819, df = 254, CFl = .978, TLI = .974, RMSEA =
.051; 1999 model: y? = 3193.741, df = 499, CFI = .927, TLI = 917,
RMSEA = .050). The total amount of variance explained was
also similar across waves: 28% for math achievement and 27%
for educational aspirations in TIMSS 1999, compared to 25% and
25% respectively in TIMSS 2003, and 26% and 25% respectively in
TIMSS 2007. The effect sizes for the direct path coefficients of the
standardized solution are shown in Fig. 2, while those for the indirect
path coefficients are presented in Table 2 (also see Appendix F in
Supplemental material).

7.3. Expectancy by task value

The path coefficients from self-concept and intrinsic and utility
values to outcome variables were similar across the three cohorts
(Fig. 2). Consistent with a priori predictions, the positive path from
self-concept to achievement was much stronger than the corresponding
paths from intrinsic value and utility value to achievement (i.e., main

.223(.013)

.168(.027)

effects). However, also consistent with predictions, the path from utility
value to aspirations was greater than the corresponding path from self-
concept. However, in contrast to a rich body of empirical research
(Denissen, Zarret, & Eccles, 2007; Durik, Vida, & Eccles, 2006), the
mean effect sizes across the three cohorts for the path from intrinsic
value to achievement and to aspirations were not statistically signifi-
cant. This could be due to the high correlation noted between intrinsic
value and self-concept (expectancy), leading intrinsic value to have no
unique effect on outcome variables when expectancy and values are
considered together.

A key contribution of the present study is the simultaneous testing of
two critical interactions. Consistent with our hypothesis, the multiplica-
tive predictive effects of self-concept and utility value on math achieve-
ment and educational aspirations were both statistically significant. The
simple-slopes (Preacher, Rucker, & Hayes, 2007) graphed in Fig. 3
showed that self-concept positively predicted achievement at different
levels of utility value. However, particularly at lower levels of utility
value, self-concept predicted achievement more positively than at
higher levels of utility value. When self-concept was at nearly one stan-
dard deviation above the mean, different levels of utility value tended to
predict similar levels of achievement. Likewise, a significant interaction
between self-concept and utility value was also evident for educational
aspirations (Fig. 3), showing that when utility value is low, self-concept
contributes more positively to aspiration. Nevertheless, the predictive
effects of self-concept on achievement at different levels of utility
value were much stronger than those on aspiration, such that self-
concept was the dominant predictor of achievement. The results
suggest that higher self-concept, higher utility value, and their positive
interaction, all contributed to higher math achievement and educational
aspiration.

In interpreting the latent interaction on aspiration, we need to note
that all constructs are math-specific while the aspirations construct is
composed of a single general indicator. Given that expectancy and
values are highly domain specific, a student who has high verbal self-
concept or interest may contribute to his or her high aspirations in
educational attainment. Likewise, and inconsistent with our expecta-
tions, the intrinsic value by self-concept interaction is not significantly

.386(.028)

Gender

.138(.013)

.087(.015)
.062(.014)

/

.178(.021)

.088(.016)

SES
.161(.015)

T

.302(.015)

311(.017)
-055(.013) _ o69(.015)

Fig. 2. Path model depicted the hypothesized relations. Only weighted mean effect size (standard errors) for statistically significant paths was presented in the model for clarity. Estimates
displayed in rectangle box indicted the negative path coefficients. Note. MSC = mathematics self-concept; MIV = mathematics intrinsic value; MUV = mathematics utility value; SES =
socioeconomic status; ACH = mathematics achievement; ASP = educational aspiration. MSC x MIV = mathematics self-concept by intrinsic value interaction. MSC x MUV = mathemat-

ics self-concept by utility value interaction.
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Table 2
The direct, indirect and total effects of gender and SES on outcome variables.

Outcomes variables Direct effect

Indirect effect

Total effect

Via MSC Via MIV Via MUV

Gender

Math achievement 1999 —.090* (.028) .052* (.019) .005 (.012) .001 (.002) —.032 (.043)
2003 —.116* (.027) .102* (.014) —.002 (.007) 004* (.002) —.012 (.055)
2007 —.141* (.034) .074* (.012) .011 (.005) .003 (.003) .053 (.034)
Mean(SE) —.113* (.017) .080* (.008) .006 (.004) .003 (.002) .014 (.024)

Educational aspirations 1999 —.163* (.023) .024* (.009) —.018 (.011) .008 (.006) —.149% (.022)
2003 —.099* (.019) .026* (.011) —.011 (.007) .016* (.008) —.068* (.040)
2007 —.136" (.024) .027* (.011) —.003 (.004) .009 (.006) —.103* (.021)
Mean(SE) —.128* (.013) .029* (.007) —.006 (.004) .010* (.004) —.114* (.014)

Socioeconomic status (SES)

Math achievement 1999 .175% (.041) .038* (.013) .002 (.007) .014* (.006) .229* (.043)
2003 .164* (.032) .032* (.010) —.001 (.002) .014* (.004) .209* (.025)
2007 .201* (.038) .039* (.011) .008 (.005) .013* (.003) .261* (.040)
Mean(SE) .178* (.021) .036* (.006) .001 (.002) .013* (.002) .225% (.019)

Educational aspirations 1999 290" (.025) .018* (.009) —.008 (.005) .054* (.009) .354* (.020)
2003 .290* (.024) .008* (.004) —.003 (.003) .052* (.010) .347* (.019)
2007 .334* (.029) .014* (.007) —.002 (.003) .045* (.010) .391% (.021)
Mean(SE) .302* (.015) .012* (.003) —.003 (.002) .051* (.006) 364" (.012)

Note. t value > 1.96, * p < .05; MSC = mathematics self-concept; MIV =

predictive of either achievement or aspirations. However, again this
may be due to the high correlation between these self-concept and
intrinsic value.

7.4. SES and gender

As shown in Fig. 2, the positive direct effects of SES on motivational
beliefs and educational outcomes indicate that students from a high SES
family were likely to have more positive motivation and higher math
achievement and educational aspirations. More importantly, the indi-
rect paths from SES to the educational outcomes were also significant
and positive, showing the positive mediation by both self-concept and
utility value. Consistent with a priori predictions and previous studies,
our findings suggest that SES positively predicts achievement-related
behaviors, directly or indirectly, by promoting self-concept and subjec-
tive task values (Parker et al., 2012; Schoon & Polek, 2011).

0.5

Math Achievement(SD)

— MUV=1SD
------ MUV=Mean
——- MUV=-1SD

T T T T
-1.0 -0.5 0.0 0.5 1.0
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mathematics intrinsic value; MUV = mathematics utility value.

The observed predictive direct effect of gender on motivational
beliefs indicates that boys tend to have high math self-concept and
intrinsic value but not utility value, which is line with previous Western
studies of gender stereotypes (Watt et al., 2012; Wigfield, Eccles,
Schiefele, Roeser, & Davis-Kean, 2006). It is interesting to note that the
direct path from gender to achievement was largely off-set by the corre-
sponding indirect path. This finding suggests that boys are likely to have
higher math self-concept, which leads to higher math achievement (the
indirect path from gender), whereas girls tend to have higher math
achievement when girls and boys have similar levels of self-concept
and intrinsic value (the direct path from gender). Taken together,
there was no gender difference in math achievement in terms of total
effect. In relation to educational aspirations, the direct path favoring
girls was only partially countered by the corresponding indirect path
favoring boys. In total, educational aspirations favored girls to a small
extent. This finding is in line with our expectations and the recently
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Fig. 3. Simple-slopes depicted the effects of the latent-interaction variables (self-concept by utility value) on mathematics achievement and educational aspirations. Note. MSC = math-

ematics self-concept; MUV = mathematics utility value.
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observed change in gender difference on educational attainment favor-
ing girls (see Appendix F in Supplemental material).

Additionally, to test whether the relationships among SES, motiva-
tional beliefs and educational outcomes vary as a function of gender,
we conducted multigroup analysis in which gender was treated as a
grouping variable. We found that SES was more strongly associated
with aspirations for boys than for girls (gender differences in magnitude
of the path coefficient: 2007 model: ES = .125, SE = .043; 2003 model:
ES = .094, SE = .040; 1999 model: ES = .116, SE = .040). This finding
indicates that family SES is more important for boys' educational aspira-
tions (see Appendix G in Supplemental material).

8. Discussion

In sum, drawing on EVT this study contributes to the literature by
identifying the mediating and interactive roles of math self-concept
and subjective task values in the relationships between individuals'
characteristics (gender and SES) and mathematics achievement and
educational aspiration. The results have substantive importance for
EVT. First, statistically significant interaction suggests that routinely
checking for potential interaction effect is needed for future studies
using the Eccles et al. (EVT) model. Second, the consistent patterns of
effects observed across three cohorts during this naturally occurring
“intervention” provide strong evidence for the robustness of EVT pre-
dictions. Third, given that little research has examined the moderating
role of gender based on EVT in an Asian context, our results have shed
light on the gendered processes underlying students' choice of educa-
tional pathway.

At this stage, it is important to reinforce that the three cohorts
considered in the present study related to a period in which the educa-
tional context in Hong Kong was changing substantially. For example,
the new math curriculum and a series of new education policies were
implemented at the same time of the handover of sovereignty from
the UK to China in 1997. Further complicating the patterns is the fact
that the instruments used to measure key constructs differed slightly
across cohorts. However, despite these complications, the patterns of
results were highly consistent, supporting the external validity of the
results (see Shadish, Cook, & Campbell, 2002), and proving strong
support to the robustness of the theory.

Nevertheless, limitations must also be taken into account. First, it is
not clear how these results generalize to Western countries or to
other Asian countries. Chiu and Xihua (2008) demonstrated that the
effects of family characteristics on children's math achievement are
stronger in individualistic and more affluent countries. Second, SES
was narrowly defined and did not include parents' income and occupa-
tion. Third, in the present study, educational aspiration was a general
rather than domain-specific construct, and was represented by a single
item. Given that both expectancy and task values are highly domain
specific (Eccles & Wigfield, 2002), there is a need for items to assess
students' intention of studying math or taking up a math-related career.
Fourth, prior studies have documented that teaching processes play a
critical role in the development of various components of self-related
beliefs in school contexts (e.g., De la Fuente & Justicia, 2007). Therefore,
it is important to take teaching-learning processes into consideration in
further motivation research. Fifth, this study could not address the issue
of causality (or even directionality) between demographic or motiva-
tional factors and outcomes based on a single measurement point. It is
always possible that models with a reversed direction (e.g., from aspira-
tions to motivational beliefs) may exist in reality. Finally, replication of
findings may benefit also from alternative statistical techniques
(e.g., Rasch modeling) instead of SEM.

Our findings have important implications for policy, practice, and in-
tervention. First, given the positive effects of the interaction between
expectancy and value on educational outcomes, it is important that
teachers place emphasis on simultaneously enhancing students' expec-
tancy and value beliefs, with special attention on strengthening self-

concept for those with lower utility value. For example, teaching strat-
egies and methodologies based on an interactive conception of teach-
ing-learning and building achievement motivation have shown an
essential contribution in promoting students' motivation (e.g., De la
Fuente & Justicia, 2007). Second, despite evidence of negligible gender
differences in math achievement, there is a continuing pattern of gen-
der stereotypic differences in favor of boys in perceptions of compe-
tence and interest in math. These gender differences might lead to
underrepresentation of girls in math-related fields (Parker et al.,
2012), which is an important concern. Further, although the Hong
Kong government has been seeking to reduce inequalities based on
family wealth via progressive taxes, social support programs, and
tuition-free schools since the early 2000s (OECD, 2004), inequalities
continue to be evident in the close relation between SES and children's
motivation and educational outcomes, even in the TIMSS 2007 cohort.
Thus, stronger and more powerful steps in reducing inequalities on
SES could help students, particularly boys, to not only improve their
motivation but also achieve better academic outcomes.

Appendix A. Supplementary data

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.lindif.2015.01.008.
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