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Abstract

The fact that many talented and capable students opt out of the STEM (science,
technology, engineering, and mathematics) pipeline and that women remain underrepresented
in STEM fields are international phenomena and a matter of considerable concern amongst
policymakers. Expectancy-value theory (EVT) (Eccles, 2009) is one of the major frameworks
for studying achievement motivation, and has been widely used to tackle this issue. Previous
EVT research has demonstrated that students’ expectancy and value beliefs for specific
academic subjects are important precursors of achievement-related behaviours (Eccles, 2009;
Wigfield, Tonks, & Klauda, 2009). Despite the fact that research on task values has increased,
it still lags far behind research on expectancy-related beliefs (e.g., academic self-concept
[ASC]) (Wigfield et al., 2009), which is known to represent an important determinant of
diverse educational outcomes (Marsh, 2007). This thesis integrated EVT and ASC and
extended prior work by closely investigating: (a) the unique contributions of ASC and
multiple value components in predicting diverse achievement-related outcomes, particularly
during post-high school transition; (b) the multiplicative relation between ASC and value
beliefs (i.e., ASC-by-value interaction) that was a core assumption of the original EVT but
seems to have disappeared from modern EVT (Nagengast et al., 2011); (c) how well the
theoretical models posited in ASC theory (e.g., multidimensional and domain specific self-
concept model, reciprocal effect model [REM], internal/external frame-of-reference [I/E]
model with its extension to dimensional comparison theory [DCT]) generalise to different
value beliefs; and (d) how the social and cultural factors (e.g., gendered socialisation,
socioeconomic status [SES]) shape individual and gender differences in educational and
career pathways.

This thesis explored new perspectives on EVT and ASC theory through five empirical
studies relying on advanced methodologies and using data from large and representative
national/international samples. Studies 1 and 4 respectively drew on Grade 8 students from
Hong Kong (N =13,621) and four OECD countries (N = 18,047), based on the International
Trends in International Mathematics and Science Study. Studies 2 and 3 respectively drew on
longitudinal data from representative samples of U.S. (N = 2,213) and Australian (N = 10,370)
students during post-secondary school transition. Finally, study 5 was based on a sample of
German 9th-grade students (N = 1,978).

First, this thesis provided strong support for modern EVT’s proposition of different
value components, which had differential predictive effects on achievement-related outcomes.
Intrinsic value was more directly associated with academic effort, engagement and

coursework aspirations, whereas utility value was more directly associated with educational
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aspirations and postsecondary academic choices, such as university entry and STEM major
selection. Particularly, study 5 incorporated four major value components and found that
attainment value and cost played salient roles in predicting students’ academic achievement,
engagement, and effort. Controlling for value beliefs, ASC, particularly general ASC, played
an important role in influencing not only educational achievement and long-term attainment
but also choice behaviours.

Second, there was support for a priori predictions that domain-specific ASC and task
value interacted with each other to predict a wide range of achievement-related outcomes.
However, the results indicated relatively weak support for ASC-by-value interactions based
on general academic motivational beliefs.

Third, this thesis integrated ASC and EVT and provided strong support for domain
specificity, REM, the I/E model, and DCT in relation to ASC and intrinsic value, but also in
relation to utility value to a lesser extent. Specifically, high domain specificity of motivational
beliefs and their distinctive relationship with achievement-related outcomes were evident
across math, reading, and science, as well as across subject domains within science. Internal
(dimensional) comparison processes posited in the I/E model and DCT not only help students
form their motivational beliefs, but also subsequently influence their choice behaviour across
domains. The thesis also found the significant reciprocal effects of motivational beliefs and
achievement over critical development periods.

Finally, ASC and value beliefs played important mediating roles between gender and
SES, and achievement-related outcomes. Despite gender differences in the mean level of
motivational beliefs and educational outcomes, gendered processes underlying the choice of
educational pathway were similar for both genders.

The findings of the five studies were discussed in light of the broader research context.

Both theoretical and policy implications for educators, parents and students were derived.
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Chapter 1: Introduction and Overview

Highly-skilled professions often require university training, particularly in the science,
technology, engineering, and mathematics (STEM) related fields. Such professionals are
critical for industrialised countries seeking to recover from the global financial crisis and to
maintain their global competitiveness (International Monetary Fund, 2010; Organisation for
Economic Co-operation and Development [OECD], 2010). Unfortunately, in industrialised
countries, many talented and capable students opt out of STEM courses (e.g., advanced maths
course) at high school and subsequently turn away from careers in STEM (Bge, Henriksen,
Lyons, & Schreiner, 2011; National Science Board, 2014; National Science Foundation, 2011,
2014). Although females are better represented than males in undergraduate degrees and have
made large inroads into the medical and life science workforce, women continue to be
underrepresented in other STEM fields (Alon & Gelbgiser, 2011; National Science
Foundation, 2014; OECD, 2010; Parker, Nagy, Trautwein, & Liidtke, 2014; Schoon & Polek,
2011).

Expectancy-value theory (EVT) (Eccles, et al., 1983; Eccles, 2009; Wigtfield & Eccles,
2002) is one of the major frameworks for studying achievement motivation, and has been
widely used to tackle these issues (Guo, Parker, Marsh, & Alex, 2015; Parker et al., 2012,
Parker, Nagy et al., 2014; Perez, Cromley, & Kaplan, 2014; also see Wang & Degol, 2013 for
areview). Considerable research based on EVT has demonstrated that competence beliefs and
value beliefs represent critical determinants of academic choices, engagement and aspirations
(e.g., Eccles, 2009; Watt et al., 2012; Wang & Eccles, 2013). Although modern EVT (Eccles,
2009) emphasises that different value components should play differential roles in influencing
achievement-related outcomes, relatively little prior work has considered multiple task values
together with ASC to examine their unique contributions in predicting educational outcomes,
particularly during the post-high school transition.

Furthermore, according to early iterations of the EVT framework (see Atkinson, 1957;
Atkinson & Feather, 1966; Feather, 1982; Vroom, 1964), competence beliefs and value
beliefs were assumed to interact with each other in influencing achievement-related
behaviours in addition to the first-order (main) effects. In other words, classic EVT proposes
that the effects of expectancies of success on the outcome should depend on the extent to
which an individual values a given domain, and vice versa. However, until recently, empirical
research examining the interaction effect among motivational beliefs on achievement-related
behaviours in non-experimental settings has been surprisingly sparse.

On the other hand, it has been well documented that academic self-concept (ASC) is

an important determinant of diverse educational outcomes. Considerable research has been
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conducted in relation to its formation as well as into the factors that influence it (Marsh, 2007).
Given that the expectancy component of EVT is typically operationalised by ASC in
educational research (Eccles & Wigtfield, 2002; Eccles, 2009), processes posited in ASC
theoretical models play important roles in EVT processes. However, theoretical
considerations typical of research on ASC have not been well integrated into EVT (Nagy,
Trautwein, Baumert, Koéller, & Garrett, 2006; Nagy et al., 2008; Parker et al., 2012, Parker,
Nagy et al., 2014). Thus, an integration of EVT and ASC theory is likely to provide novel
theoretical insights to each theory and a better understanding of the dynamics leading students
to make different academic choices.

Therefore, the aim of this thesis was to provide a comprehensive test of EVT and its
integration with ASC theory, particularly testing the effects of expectancy, value and
expectancy-by-value interactions on diverse achievement-related outcomes (e.g., achievement,
aspirations, academic choices, and engagement). Five empirical studies focusing on maths
and science motivational beliefs were conducted based on multiple large and representative
national/international databases and advanced methodology. This thesis thus examined the
generalisability of the results across countries and student cohorts, aiming to provide a full
picture of the student decision-making process leading to STEM-related educational and
career pathway during the post-high school transition.

Based on the integration of EVT and ASC theory, this thesis dealt with the central
question of how student expectancy, value beliefs and, in particular, their interaction
(expectancy-by-value interaction), influenced various student achievement-related behaviours
in maths and science (e.g., high school maths coursework selection and aspirations, academic
engagement and effort, university major selection, and educational aspirations and attainment),
which were important precursors of STEM-related careers. To this end, this thesis addressed a
number of questions. First, it examined the unique effects of ASC and multiple value
components as well as their combined effects (i.e., ASC-by-value interactions) on diverse
achievement-related outcomes. Second, it explored how well the theoretical models posited in
ASC theory (e.g., multidimensional and domain specific self-concept model, reciprocal effect
model [REM], internal/external frame-of-reference model [I/E] model with its extension to
dimensional comparison theory [DCT]) generalise to different value beliefs. Finally, it
examined how the social and cultural factors (e.g., gendered socialisation, socioeconomic
status [SES]) shape individual and gender differences in STEM-related educational and career
pathways.

This thesis is structured as follows: the literature review (Chapter 2) presents the

theoretical background for the five empirical studies and aims at situating these studies within
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their broader research context. This chapter also introduces the research questions and
hypotheses guiding the five empirical studies. The design and methodology chapter (Chapter
3) presents the overarching research methods used in the five studies. Chapters 4 to 8 present
the five empirical studies realised within this thesis. Chapter 9 concludes this thesis with a

general discussion of implications for future research and educational practice.
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Chapter 2: Literature Review

The purpose of this chapter is to provide a review of the literature on expectancy-value
theory (EVT) and academic self-concept (ASC) theory, and to demonstrate the research gap
of the integration of EVT and ASC. Specifically, first, the expectancy-value model of
achievement-related choices is explained further; second, the disappearance of the
expectancy-by-value interaction that had been the cornerstone of the classic EVT is also
discussed. Third, the ASC theories — including domain specificity, REM, I/E model and
DCT, and their integration with EVT — are elaborated in-depth. Finally, the influence of
gender and SES on motivational beliefs and achievement-related outcomes is addressed.

Expectancy-Value Theory of Achievement-Related Choices

The expectancy-value framework has been particularly generative in achievement
motivational research. Starting with Atkinson’s seminal work (1957, 1964), expectancy-value
models focus on two categories of motivational factors: individual’s expectancies
(expectations of success) and the value they have for succeeding at a task. However, most
early EVT research focused on arbitrary tasks in laboratory settings (see reviews by Wigfield,
1994; Wigfield & Eccles, 2002). It was in the early 1980s that Eccles and her colleagues
proposed a modern version of the expectancy-value model on achievement-related choices
within an education context (Eccles et al., 1983). Compared to the traditional EVT (e.g.,
Atkinson, 1957, 1964; Atkinson & Feather, 1966), modern EVT elaborates multiple
components of task values and articulates the relationships between expectancies and values
to a variety of psychological, social, and cultural determinants and processes (Eccles, 2009;
Eccles et al., 1983).

Eccles et al.’s EVT model of achievement-related choices is depicted in Figure 2.1
(Eccles, 2009, 2011). Viewing the model from right to left, achievement-related choices and
performance are most directly influenced by expectancies and values. In turn, these
achievement-related beliefs are affected by one’s goals and self-schemas, such as self-concept
of one’s ability. These social cognitive constructs, in turn, are influenced by individuals’
perceptions of socialisers’ (e.g., parents, teachers, peers) attitudes and expectations for them,
and by their own interpretation of previous achievement-related experiences. Finally,
individuals’ task perceptions and interpretation of past social and personal experiences are
linked to the socialisation processes in various cultural and social settings (e.g., cultural norms,
gender role, family socioeconomic status [SES]) as well as one’s aptitudes, talents,
personalities and temperamental characteristics. In particular, modern EVT proposed the
causal links from achievement-related choices to the experiences an individual passes through.

Thus, modern EVT takes a developmental and integrative perspective to explain how
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expectancies and values are shaped over time by individual and contextual factors in

influencing students’ academic choices and performance.
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Figure 2.1 Eccles et al. model of achievement-related choices (Eccles et al., 1983).
Adapted from “Gendered educational and occupational choices: Applying the Eccles et al.
model of achievement-related choices,” by J. Eccles, International Journal of Behavioral
Development, 35, 196. Copyright 2011 by International Society for the Study of Behavioural
Development.

The Expectancy Component

Theories focusing on expectancy-related constructs attempt to address the critical
motivational question “Can I do this task?” (Eccles, Wigfield, & Schiefele, 1998). The
expectancy component has been captured in various theories (e.g., EVT, self-concept theory,
self-efficacy theory, attribution theory, and control theory) and specific constructs (e.g.,
expectations of success, ASC, self-efficacy beliefs, perceptions of task difficulty, and
perceived control). Eccles and her colleagues (Eccles et al., 1983) define expectations of
success as a task-specific self-belief about success in a future task. As noted above, in their
expectancy-value model, expectations of success are directly linked to another type of
expectancy: ability self-concept (Eccles, 2009; Eccles & Wigfield, 2002). Ability self-concept,
such as ASC refers to individuals’ current sense of their competence in a given domain
(Harter, 1990; Marsh, 1989, 2007), whereas expectations of success refer to self-beliefs
regarding one’s ability to successfully complete a specific upcoming task. Although these two
types of expectancies are theoretically distinguishable, there is abundant empirical evidence

that expectations of success are highly correlated with ASC and usually collapsed into a
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single construct in real-life settings (Eccles, 2009; Eccles & Wigfield, 2002; Wigfield &
Eccles, 2002). This leads to a number of EVT studies relying on ASC as a measure of
expectations of success (e.g., Musu-Gillette, Wigfield, Harring, & Eccles, 2015; Simpkins,
Fredricks, & Eccles, 2012; Trautwein et al., 2012; Wang & Eccles, 2013; Wang, Eccles, &
Kenny, 2013). For this reason, this thesis relies on ASC as a measure of expectancy, and uses
these terms synonymously.

The Value Components

To optimally motivate students’ achievement behaviours, theories addressed another
fundamental motivational question “Do I want to do the task?”, which reflects individuals’
beliefs in having a value or reason to do a given task (Eccles et al., 1998). When an individual
values a specific task, he/she is more likely to engage in that behaviour. Building the seminal
work of early researchers on broad human values (e.g., Battle, 1965; Crandall, 1969; Deci,
1975; Feather, 1982; Rokeach, 1979), modern EVT elaborates four subjective task values
(Eccles et al., 1983; Wigfield & Eccles, 1992, 2002).

Intrinsic value. Intrinsic value refers to the enjoyment a person gains from
performing an activity. This component is similar to the concept of intrinsic motivation (Ryan
& Deci, 2000) and interest (Schiefele, 1999). Students who intrinsically value an activity are
more likely to persist and deeply engage in it, leading to increased learning outcomes
(Wigfield & Cambria, 2010; Renninger & Hidi, 2011).

Attainment value. Attainment value refers to the personal importance of doing well
on a specific task and is linked to the relevance of engaging in a task for the affirmation of
one’s personal and social identities (Eccles, 2009; Eccles &Wigfield, 2002). The primary
distinction between intrinsic value and attainment value is that tasks done for enjoyment are
considered intrinsically motivated, whereas attainment value refers to tasks done to affirm
individuals’ self-image and both personal and social identities (Hulleman, Barron, Kosovich,
& Lazowski, 2015). For example, a student may have a high attainment value for physics
class because competence in physics allows him/her to confirm important aspects of self.
Attainment value becomes more salient, particularly in the secondary school settings with
students having more well-articulated identities (Eccles & Wang, 2012).

Utility value. Utility value refers to how a specific task fits within an individual’s
various short- and long-term plans and objectives. This component is similar to the concept of
extrinsic value, and more specifically, to identified regulation defined in self-determination
theory as engaging in a given task as a means to an end rather than an end in itself (Ryan &
Deci, 2000). An academic task can have high utility value as it facilitates personal benefits,

even though it lacks intrinsic value (Eccles & Wigfield, 2002). For instance, an individual
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majoring in biology in high school may not feel interested in maths (i.e., intrinsic value),
however, taking maths courses may be beneficial as it allows him/her to pursue a medical
degree.

Cost. Cost refers to the perceived negative aspects of engaging a specific task in terms
of emotional costs, such as performance anxiety and fear of failure, the anticipated effort
needed to succeed, and potential loss of opportunities given that making one choice usually
results in forfeiting other options (Eccles, 2009; Eccles &Wigfield, 2002). Eccles et al. (1983)
noted that the first type of cost was linked to the costs of failure, whereas the other two types
of cost reflect the cost of success (e.g., giving up time and energy for valued alternatives).
Cost has been the least studied component of task value.

It has been well documented that task value and expectancy are domain-specific, from
preadolescence to early adulthood (see Wigfield, Tonks, & Klauda, 2009 for a review, also
see subsegent discussion). More recently, research has shown that the four value components
can be empirically differentiated in the maths domain (Conley, 2012; Luttrell et al., 2010;
Trautwein et al., 2012), with all studies revealing a similar correlation pattern among the
value components. More specifically, cost is negatively correlated with intrinsic, utility and
attainment values, whereas these three components are positively correlated with each other.
Typically, the highest correlations are found between intrinsic and attainment values. Intrinsic
value tends to be more highly correlated with expectancy than do the other value components.
Indeed, individuals are likely to gain enjoyment for tasks at which they feel competent, and
individuals are also likely to develop competence at tasks that they find enjoyable. Substantial
relations between competence beliefs and intrinsic value have also been widely proposed in
other motivation theories, for example, Harter’s (1978) effectance model and Ryan and Deci’s
(2000) self-determination theory (Wigtfield & Eccles, 2002). In relation to achievement-
related outcomes, it has been well documented that expectancy is a stronger predictor of
academic achievement than value beliefs, whereas value beliefs are more closely associated
with choices behaviours, such as course-taking decision, academic engagement and effort,
and educational and career aspirations (e.g., Cole, Bergin, & Whittaker, 2008; Denissen,
Zarrett, & Eccles, 2007; Eccles, Barber, & Jozefowicz, 1999; Marsh, Abduljabbar et al., 2013;
Nagengast et al., 2011; Perez et al., 2014; Trautwein & Liidtke, 2009; Wang, 2012; Wang &
Eccles, 2013; Watt, Eccles, & Durik, 2006; Watt et al., 2012).

In Studies 1 to 4 of this thesis, intrinsic value and utility value are used, which is in
line with typical applications of EVT in research that has seldom incorporated more than two

or three of the expected components of value (e.g., Musu-Gillette et al., 2015, Simpkins et al.,
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2012; Wang & Eccles, 2013). However, the four value components were included in study 5
to examine the unique contribution of each to the prediction of achievement-related outcomes.

Multiplicative Relation Between Expectancy and Task Value
Expectancy-By-Value Interaction in Classical EVT

As noted earlier, EVT had its origin in the early cognitive models in the 1940s and
1950s, superseding earlier behaviourist models (Atkinson, 1957). A core assumption of
classical EVT (Atkinson, 1957) was the multiplicative combination of expectancy and task
value (i.e., expectancy-by-value interaction). The multiplicative relation between expectancy
and value suggests that the relation between expectancy and outcomes depends on the extent
to which an individual values a given domain and vice versa.

Typically, the interaction between two independent predictors (i.e., expectancy and
task value) has been described as being compensatory or synergistic in relation to the outcome.
The nature of the interactions in relation to the two taxonomies is considerably different,
which has theoretical and substantive implications for motivation researchers. Specifically, a
compensatory relation suggests that as long as individuals have high expectancy or attach
high value to a given academic task, they will be motivated to engage in it. In other words,
high expectancy can compensate for low value and vice versa. In contrast, a synergistic
relation suggests that both expectancy of success and task value are seen as essential to high
task engagement. For example, if a student does not expect to succeed at a task, low outcomes
are likely, even in the presence of high value. Likewise, low value should also result in lower
outcomes, even when combined with high expectancy. However, expectancy-by-value
interactions have invariably occurred in combination with substantial first-order ("main”
effects of expectancy and value, complicating the interpretation of the respective effects. For
this reason, perhaps, prior EVT research has not fully developed the nature of interactions in
relation to a prior EVT predictions.

In a review of articles based on the original EVT models, Feather (1982) found a
synergistic relation between expectancy and value in predicting a given task. Most early EVT
research was conducted in laboratory settings (e.g., Atkinson, 1957; Atkinson & Feather,
1966; Feather, 1959). In many studies, expectancy (ability self-concept) or value was
experimentally manipulated to be “zero” through random assignment to conditions (see
Feather, 1982 for more discussion).

In modern EVT, Eccles (2009, p. 84) has noted that “the motivational power of ability
self-concepts to influence task choice is, at least partially, determined by the value individuals
attach to engaging in the domain”. However, the relationship between expectancy and value is

often implicitly assumed to be purely additive in nature, which implies that ASC and value
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would predict achievement-related outcomes uniquely and independently. This may be
because over time a greater emphasis on non-experimental studies in modern EVT research
and the subsequent methodological complications this entails. The lack of modern research
including an interaction term led Nagengast et al. (2011) to ask: “Who took the "x" out of
expectancy-value theory?”. One major focus of this thesis is to utilise modern statistical
approaches to re-introduce the ExV interaction back into EVT.

Reasons for the Omission of Expectancy-By-Value Interaction in Modern EVT

There are several reasons for the omission of the expectancy-by-value interaction in
modern EVT research. First, the omission of the expectancy-by-value interaction may be
partly due to the shift from experimental designs focusing on within-person (intraindividual)
differences to real-world settings focusing on between-persons (interindividual) differences
(Nagengast et al., 2011; Trautwein et al., 2012). In experimental research, expectancy, value
and task difficulties were operationally defined and directly manipulated. The stronger the
manipulation is, the larger the differences between the experimental factors are likely to be.
However, modern EVT (Eccles, 2009; Eccles et al., 1983) places the relationship of
expectancy and value in real-world contexts by linking them to achievement-related outcomes
in typical school settings. In the real-world environment, expectancy and value are assessed
by surveys and questionnaires, which lead to the focus shifting from experimentally
manipulated differences (which were necessarily uncorrelated by design) in different tasks to
naturally occurring differences in the various components of value (Busemeyer & Jones, 1983;
Nagengast et al., 2011; Trautwein et al., 2012). Thus, examination of interaction effect was
based on those naturally occurring between-persons differences in expectancy and value
(Trautwein et al., 2012).

Even when empirically evaluated in survey research, interaction effects have typically
been small to moderate in size in observational studies (Aiken & West, 1991; Marsh, Hau,
Wen, Nagengast, & Morin, 2013; McClelland & Judd, 1993; Trautwein et al., 2012). In
experimental studies, expectancy and value can be manipulated by research to more extreme
levels in order to amplify interaction effects (Nagengast et al., 2011; Trautwein et al., 2012,
2013). However, in non-experimental, empirical settings, cases with extreme conditions (e.g.,
very high expectancy coupled with extremely low task value) are sparse, which results in
more difficulties in detecting interaction effects. In particular, when expectancy and value are
highly correlated the empirical studies seeking to locate expectancy-by-value interaction
effects might be underpowered (Aiken & West, 1991).

Second, the paucity of empirical research on expectancy-by-value interaction could be

due to the lack of advanced statistical techniques suited to assess expectancy-by-value
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interactions. Although interaction effects can be detected in multiple regression analysis using
manifest variables, the interaction effects are likely to be underestimated (Carroll, Ruppert,
Stefanski, & Crainiceanu, 2006; Marsh, Hau et al., 2013). The reason is that the predictors are
measured with error and this measurement error combines multiplicatively in forming the
product terms (Marsh, Hau et al., 2013). This leads to product terms being more unreliable
and more difficult to detect (MacCallum & Mar, 1995; Marsh, Hau et al., 2013). Thus,
estimation of true interaction effects requires large sample sizes and reliable predictors to
avoid Type 2 errors (i.e., failure to detect a statistically significant interaction, even though
one exists) (Trautwein et al., 2012).

Structural equation modeling (SEM) (Bollen, 1989) techniques that control for
measurement error by assessing latent variables with multiple indicators provide a solution to
tackle interaction effects in non-experimental designs. Although there has been increasing
attention paid to models with latent interaction since the 1980s (Kenny & Judd, 1984;
Joreskog & Yang, 1996; Ping, 1995, 1996), it has only recently become easily accessible for
applied researchers, such as the latent moderated structural equation approach (LMS) (Klein
& Moosbrugger, 2000) and the unconstrained product indicator approach (Marsh, Wen, &
Hau, 2004) (see further discussion in the next chapter).

Empirical Evidence for Expectancy-By-Value Interaction

Based on these approaches, there is some recent empirical support for latent
expectancy-by-value interactions. For example, Trautwein et al. (2012), in a study based on
German secondary school data, examined the latent interactions between ASC and each of the
four value components in predicting academic achievement separately. The findings showed
that the four multiplicative terms (i.e., ASC-by-value) had statistically significant and positive
effects on English and maths achievement, suggesting a synergistic relationship. In addition,
Nagengast et al. (2011) similarly tested latent interactions of science ASC and intrinsic value
on extracurricular activities and career aspirations in science, and found a similar synergistic
relationship across 57 countries based on the Programme for International Student
Assessment (PISA) 2006 data. Finally, Nagengast et al. (2013), drawing on a within-person
perspective (i.e., studying homework across six domains: German, English, history, maths,
physics, and biology), and using multilevel SEM with latent interactions, also showed that
ASC and value (combination of utility value and cost) synergistically interacted in predicting
within-person homework effort.

Although these empirical studies successfully reintroduced the multiplicative relation
between expectancy and value in motivation research, three important limitations need to be

addressed.
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First, existing studies have only considered one value component and its interaction
with ASC in one SEM model when testing latent interactions, although modern EVT
proposed that expectancy and each value component simultaneously influence achievement-
related choices and performance. This makes is difficult to evaluate the relative and unique
effects of different value components, particularly as they tend to be at least moderately
correlated.

Second, these studies are all based on expectancy and value measures from a single
wave of data. Longitudinal studies with other critical behavioural choices, such as coursework
taking-decision, aspirations and school engagement, would allow us to examine how well
expectancy-by-value interaction generalise to diverse outcomes to draw stronger conclusions
for the importance of expectancy-by-value interaction in modern EVT.

Third, recent studies of expectancy-by-value interactions (Nagengast et al., 2011;
Trautwein et al., 2012) have argued that support for EVT implies a synergistic expectancy-by-
value interaction, suggesting that a compensatory interaction might not support EVT.
However, there has been insufficient attention given to the nature of first-order effects
("main" effects of ASC and value) and interaction (ASC-by-value) effects as providing
support for EVT predictions. Although it is essentially true that positive interaction effects
tend to indicate synergistic relations and negative interaction effects tend to indicate
compensatory relations, the interpretation of the results in relation to EVT fundamentally
depends on the simultaneous consideration of both first-order and interactions effects,
particularly in the case in which expectancy and value beliefs are not orthogonal. Superficial
interpretations of interaction effects without also taking into account the size and nature of the
first-order effects can be misleading. Instead, interpretation of interaction effects should
always be based on a graph of the results in relation to a priori predictions.

To fill the gaps in the literature, this thesis includes multiple value components and
ASC in one SEM model and examines their interactions in predicting a wide range of
achievement-related choices and performance (e.g., high school maths coursework selection
and aspirations, university major selection, educational attainment) based on both cross-
sectional and longitudinal data. Also, it provides a more complete evaluation of the nature of
multiplicative relation in support for EVT by juxtaposing the recent literature and the results
of the five studies in this thesis.

To summarise, very recent but limited EVT research has "rediscovered" the
expectancy-by-value interaction that was a cornerstone of classical EVT research but seemed
to have disappeared until very recently. The proposition of expectancy-by-value interaction

has important theoretical and practical implications for motivation researchers. For example,
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tackling either expectancy or value in isolation in one subject domain is unlikely to be an
effective way to promote students’ engagement in that domain. Of particular importance in
this thesis is the examination of prediction of expectancy-by-value interaction in relation to
modern EVT.
Integration of ASC Theory into EVT

As noted earlier, the expectancy component of EVT is typically operationalised by
ASC in educational research (Eccles & Wigtfield, 2002; Eccles, 2009), and therefore
processes associated with ASC described here play important roles in EVT processes.
Following Shavelson, Hubner, and Stanton’s (1976) seminal article, ASC research in
education has been dominated by several theoretical models (i.e., the multidimensional and
domain-specific self-concept model, the REM model, the I/E model with its extension to DCT)
based on Marsh’s research programme (Marsh, 2007). However, these theoretical
considerations have not been well integrated into EVT (Marsh, 2007). We begin by briefly
reviewing each theoretical model used in this thesis and then propose a novel implication for
EVT and an innovative integration of EVT and ASC research.
Self-concept

In the literature, self-concept is broadly defined as a construct related to an
individual’s perception of themselves, and is posited to be a multifaceted, hierarchical
construct including academic and non-academic self-concept (Shavelson et al., 1976; Marsh
& Shavelson, 1985; also see subsequent discussion). Self-concept is formed through
experience with interpretations of an individual’s environment, particularly of evaluations by
significant others. A positive self-concept is valued as an important variable in many
disciplines of psychology, such as educational, developmental and social psychology, and has
been shown to be a critical mediator facilitating attainment of other desirable outcomes (e.g.,
Seligman & Csikszentmihalyi, 2000; Marsh & Craven, 2006). In educational settings, a
positive ASC is positively associated with academic achievement (Marsh & Craven, 2006)
and choice behaviours (e.g., coursework selection) (Parker et al., 2012, Parker, Marsh et al.,
2014). Furthermore, ASC has been found to be an important predictor of other desirable
educational outcomes, such as academic engagement and effort (Skaalvik & Rankin, 1995;
Skinner, Wellborn, & Connell, 1990), persistence (Skaalvik & Rankin, 1996), educational and
career aspirations (Marsh, Abduljabbar et al., 2013; Nagengast & Marsh, 2012), and long-
term educational attainment (Marsh & O'Mara, 2008, 2010; Guay, Larose, & Boivin, 2004).
Multidimensional and Domain Specific

Shavelson et al. (1976) initially posited that ASC is a multidimensional, hierarchical

construct in which different school subjects (i.e., maths, English, history, science) of ASC are



Chapter 2: Literature Review 13
highly correlated; forming a single higher-order construct (see Figure 2.2). However, based
on subsequent empirical studies, Marsh and Shavelson (1985; also see Marsh, Byrne, &
Shavelson, 1988) found that maths ASC was nearly uncorrelated with verbal ASC, whereas
students’ achievements in the subjects were highly correlated. They posited a revised model
of ASC, known as the Marsh/Shavelson model, that comprised two higher-order ASC factors
(maths and verbal) and a continuum of ASC factors in various school subjects ranging from
maths ASC at one end to verbal ASC at the other end (Marsh, 2007) (see Figure 2.3). More
specifically, physics and chemistry are assumed to be located closer to the maths domain,
whereas biology is assumed to be located close to the middle of the continuum. In addition,
more verbal subjects (i.e., foreign languages and history) are assumed to be located closer to

the verbal half of the verbal-maths continuum.
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Figure 2.2 The Shavelson et al. academic self-concept model (Shavelson et al., 1976).
Adapted from “Self-Concept: Validation of Construct Interpretations,” by R. J. Shavelson, J. J.
Hubner, and G. C. Stanton, 1976, Review of Educational Research, 46, 413. Copyright 1976
by Sage.
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Figure 2.3 The Marsh/Shavelson model in relation to the verbal-mathematical
continuum of ASC (Marsh & Shavelson, 1985)
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Note. English refers to the native language verbal domain.

The validity of the revised model of ASC (Marsh & Shavelson, 1985) has been well
supported by considerable empirical studies, which consistently show the distinction of maths
and verbal ASC (e.g. Marsh, 1990; Marsh & Hau, 2004; Marsh et al., 1988, 2014). In addition,
a wide variety of research has demonstrated this domain specificity of maths and verbal ASC
in relation to external criteria (e.g., academic achievement, grades and course selection)
(Arens, Yeung, Craven, & Hasselhorn, 2011; Marsh, Liidtke et al., 2015; Marsh & Yeung,
1997; Parker et al., 2012). In general, verbal ASC is more strongly related to verbal outcomes,
whereas maths ASC is more strongly related to maths outcomes.

Furthermore, the distinction of maths and verbal components were systematically
observed for task value across preadolescence into early adulthood of task value (Jacobs,
Lanza, Osgood, Eccles, & Wigfield, 2002; Watt, 2004; Chow et al., 2012; Simpkins et al.,
2012; Wigfield & Eccles, 2002; also see Wigfield et al., 2009 for a review). However, most of
this EVT research treated task value as a single, value scale (e.g., Jacobs et al., 2002; Watt,
2004) or only focused on intrinsic value (Denissen et al., 2007; Wang et al., 2013; Wigfield,
Eccles, Mac Iver, Reuman, & Midgley, 1991), seldom including other value components. An
exception is that Xu (2010) who juxtaposed ASC, intrinsic value, and utility value and found
that utility value was less distinctive (higher correlation between mathematic and verbal
utility value) than intrinsic value and ASC between maths and verbal domains.

Domain specificity of motivational beliefs in science. Marsh (1990) successfully
separated physics responses from general science and found that the correlation between the
two factors was moderate for students attending Grades 7 to 10 (» = .553) and somewhat
smaller for their younger counterparts attending Grades 5 and 6 (» = .241) based on a
confirmatory factor analysis (CFA) approach. However, subsequent motivation studies in the
literature that have taken ASC in multiple science domains into account are sparse. Rather,
these studies considered ASC in science either as a relatively unidimensional construct or
focused on one science subdiscipline (e.g., Chow et al., 2012; Chiu, 2008; 2012; Goetz,
Cronjaeger, Frenzal, Liidtke, & Hall, 2010; Marsh, Abduljabbar et al., 2013; Nagy et al., 2006,
2008). For example, a recent cross-cultural study based on the Trends in International
Mathematics and Science Study (TIMSS) 2007 dataset found that mathematic ASC was
modestly correlated with general science ASC and both ASC responses were highly
correlated with matching academic achievement and coursework aspirations (Marsh,
Abduljabbar et al., 2013; also see Chiu, 2008; 2012). Interestingly, Marsh et al. (2013) also

incorporated intrinsic value and utility value and revealed that the pattern of results for
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intrinsic value was similar to that for ASC, but utility value appeared to be less domain-
specific than ASC and intrinsic value. In relation to external criteria, ASC was more strongly
related to matching achievement, whereas intrinsic value was more strongly related to
matching coursework aspiration (Marsh, Abduljabbar et al., 2013, also see Nagy et al., 2006).

More recently, research has begun to examine domain-specific motivational beliefs
among science domains (e.g., Jansen, Schroeders, & Liidtke, 2014; Jansen, Schroeders,
Liidtke, & Marsh, 2015; Marsh, Liidtke et al., 2015; Parker, Nagy et al., 2014). For instance,
using a large nationally representative sample of German high school students (N = 44,584),
Jasen et al. (2015) found that correlations among ASC factors in physics, chemistry and
biology were moderate and each of the three ASC factors was highly correlated with
corresponding achievement scores and grades. More specifically, consistent with the verbal-
mathematical continuum posited in the Marsh/Shavelson model (see Figure 2.3), the
correlation between physics and chemistry ASC factors were slightly higher than correlations
of biology to physics and to chemistry ASC factors. Similar patterns of results were also
evident in recent empirical studies (Jansen et al., 2014; Marsh, Liidtke et al., 2015). However,
there has been much less empirical research on the factor structure of value beliefs among
multiple science domains (Wang & Degol, 2013).

To summarise, both ASC and value beliefs are both theorised as multidimensional,
hierarchically ordered constructs that are the main drivers of student achievement
performance and choices. However, in comparison to ASC, the factor structure of task value
has not been fully evaluated in relation to multiple value dimensions and different subject
domains, particularly within science subdisciplines. Given that motivationally and
behaviourally opting out of school subjects makes it very difficult to re-join them in later
years (Watt, 2010; Sells, 1980), the distinctiveness of ASC and value beliefs in secondary
school provides insight into how students initiate educational and career trajectories in various
disciplines. This thesis provides a more thorough evaluation of domain specificity of the four
value components in relation to reading, maths and multiple science domains.

Reciprocal Effect Model (REM)

ASC and academic achievement are substantially correlated, but this finding leaves
unanswered the critically important question of their temporal ordering. Historically,
theoretical models contrasted one-directional predictions but researchers did not have
appropriate statistical models to contrast these predictions. By the integration of the skill
development model, which proposed that academic achievement affects ASC, and the self-
enhancement model, which proposed that ASC affects academic achievement, Marsh and his

colleagues (Marsh, 2007; Marsh & Craven, 2006) postulated a reciprocal effects model (REM)
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in which prior ASC influences subsequent achievement and prior achievement influences
subsequent ASC.

More specifically, as depicted in Figure 2.4, the REM posits: (a) strong positive paths
from prior measure of ASC and achievement to subsequent measure of the corresponding
constructs (solid grey lines); (b) positive paths from prior ASC to subsequent achievement
(solid black lines); (c) positive paths from prior achievement to subsequent ASC (dashed line).
The generalisability of the REM has been widely supported in numerous empirical studies
across diverse samples of adolescents and subject domains in different ASC instruments (e.g.,
Huang, 2011; Marsh & O’Mara, 2008; Moller, Retelsdorf, Kdller, & Marsh, 2011; see meta-
analysis by Valentine & DuBois, 2005; Valentine, DuBios, & Cooper, 2004).

Figure 2.4 The reciprocal effect model (REM) (Marsh, 2007).

Note. ASC = academic self-concept; ACH = academic achievement; solid black lines indicate the
effects of prior ASC on subsequent achievement, whereas dashed lines indicate the effects of prior
achievement on subsequent ASC; horizon lines (solid grey) link the same variable across multiple
waves indicates stability. Within-time associations between constructs were specified by the inclusion
of time-specific covariance relationships (i.e., ASC is correlated to motivation factors at T4). In ASC,
the residual variances among the corresponding indicators are allowed to correlate over time.

Consistent with the REM, modern EVT postulates that students’ motivational beliefs
as a function of achievement-related activities (e.g., prior academic achievement) influence
subsequent academic performance and behaviours (Eccles et al., 1983). However, in contrast
to ASC studies, researchers have not fully addressed the temporal ordering of EVT constructs
in relation to achievement or other educational outcomes. For example, research focusing on
the interest component of value (e.g., intrinsic value) suggests that ASC is causally
predominant over intrinsic value and that the effects of intrinsic value are substantially
attenuated when controlling for ASC (Kéller, Baumert, & Schnabel, 2001; Marsh, Trautwein
et al., 2005). More recently, Pinxten, Marsh, De Fraine, Van Den Noortgate, and Van Damme

(2014) incorporated ASC and intrinsic value with academic achievement and found strong
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support for REM in relation to ASC but somewhat weaker support in relation to intrinsic
value from Grades 3 to 7. However, few studies have considered other value components (e.g.,
utility value) to explore the reciprocal relationship with academic achievement.

In summary, the reciprocal temporal ordering of ASC and achievement is well
established in the literature. However, studies examining REM in relation to value beliefs or
different achievement-related outcomes are sparse. The temporal ordering between
motivational beliefs and educational outcomes has fundamental implications for their
application. For instance, the reciprocal relationships of ASC and intrinsic value with
academic achievement suggest that educators should strive to improve both ASC and intrinsic
value along with achievement in order to produce positive changes in each of these constructs.
In order to bridge these gaps in empirical evidence, this thesis integrates REM into EVT and
tests ASC, value beliefs, and various educational outcomes (e.g., academic achievement,
educational and career aspirations), particularly during the transition from late adolescence to
adulthood.

The Frame of Reference Effects Based on ASC Theory

Dating back to James (1890-1963), psychologists have long understood that self-
beliefs are partially dependent on evaluations of objective achievements relating to frames of
reference (Marsh, 2007). Thus, different frames of reference or standards of comparison can
result in individuals’ disparate ASCs even if they have identical objective ability (Moéller &
Marsh, 2013). The two most generally posited frames of reference used to explain self-
evaluations are social comparisons (Biernat & Eidelman, 2007; Dijkstra, Kuyper, van der
Werf, Buunk, & van der Zee, 2008) and temporal comparisons (Albert, 1977; Moller,
Pohlmann, Koéller, & Marsh, 2009; Wilson & Ross, 2000;). Self-perceptions partially depend
on how individuals compare their current abilities and performances not only with their own
prior abilities and performances (i.e., temporal comparisons) but also with those of peers (i.e.,
social comparisons) (Marsh, 2007). Recently, drawing on a variety of theoretical approaches,
researchers in educational psychology suggest that self-perceptions may also be influenced by
internal comparisons (Marsh, 1986, 2007; Mdller & Marsh, 2013). However, Moller and
Marsh (2013) highlight that dimensional comparison theory (DCT) that draws on an internal
frame of reference (Marsh, 1986) are presented as “a largely neglected but influential
processes in self-evaluation” (p. 544). Particularly, a growing number of studies based on the
internal/external frame of reference (I/E) model (Marsh, 1986) have shown that self-
perceptions may also be formed as a function of internal comparisons, in which
accomplishments in one particular subject domain can serve as a frame of reference for other

subject domains—sometimes referred to as “dimensional comparisons" (e.g. Moller & Marsh;



Chapter 2: Literature Review 18
2013; Marsh et al., 2014; Marsh, Liidtke et al., 2015). Although there is theoretical and
empirical support for the I/E model and DCT in ASC research, this thesis extends this
research in order to integrate it with EVT.

Internal/external frame-of-reference (I/E) model. The I/E model posited what at the
time seemed to be paradoxical relations among subject-specific ASCs and achievement to
explain near zero-correlation between maths and verbal ASC even though achievement in
these two domains were highly correlated (Marsh, 1986, 2007). According to the I/E model
(Figure 2.5), students form both verbal and maths ASCs as a function of two underlying
comparison processes or frames of reference: a) externally comparing their self-perceived
performance in a subject domain with that of their peers in the same school or classroom (i.e.,
an external frame of reference); and b) by internally comparing their performances in one
particular subject domain against their performances in other subject domains (i.e., an internal
frame of reference). This internal comparison is an ipsative process, such that an increase in
ASC for one subject domain (i.e., verbal or maths) corresponds to a decrease in ASC in
another domain (Marsh, 2007). Hence, this ipsative ranking process leads to achievement in

one domain being negatively associated with ASC in another domain.
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Figure 2.5 The internal/external frame of reference (I/E) model between verbal and
maths domains (Marsh, 2007).

Note. The horizontal paths (solid grey lines) leading from achievement to ASC in the same domain are
predicted to substantial and positive (++), whereas the cross paths (solid black lines) leading from
achievement in one domain to ASC in a non-matching domain are predicted smaller and negative (-).

The I/E model for ASC and achievement based on verbal and maths constructs has
been supported by longitudinal, cross-cultural and experimental studies (e.g., Marsh, 2007;
Marsh & Hau, 2004; Moller et al., 2011; Parker, Marsh, Liidtke, & Trautwein, 2013; Pohlman
& Moller, 2009). A recent meta-analysis based on 69 datasets (N = 125,308) provided strong

support for the I/E model by simultaneously evaluating the effects of maths and verbal
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achievements on ASCs (Moller et al., 2009). More specifically, maths and verbal
achievements were highly correlated (.67), whereas correlations between maths and verbal
ASCs were substantially weaker (.10). The external comparison processes lead to
substantively positive predictions of achievement to ASC in the matching domain (.49 for
verbal, .61 for math). However, the internal comparison processes led to a significantly
negative prediction of verbal achievement in maths ASC (-.27) as well as that of maths
achievement in verbal ASC (-.21). The results generalised across different measures of
achievement ASC as well as age, gender and country groups, supporting the robustness of I/E
predictions in relation to a classic I/E model.

As discussed earlier, modern EVT (Eccles, 2009, 2011) posits that expectancy and
task value are multidimensional and hierarchical constructs; previous achievement-related
activities and accomplishments (e.g., prior domain-specific achievement) affect students’
expectancies and how they prioritise or rank task value across various subject domains. In
turn, the relative intraindividual hierarchies of expectancy and value influence subsequent
behavioural choices in a particular domain. When students select the activities they want to
pursue, domain comparisons within individuals are triggered as they tend to select those
activities that they think they can master and that have the highest value for them (Eccles,
2009, 2011). All such behavioural choices are considered to be associated with costs, given
that (following an ipsative-like process) selecting one option often results in forfeiting other
options (Eccles, 2009; Chow et al., 2012; Schwartz, 2004). Also, Eccles (2009, p. 84, 2011)
further suggests that in the formation of ASC, “both external and internal comparison
processes are key—people assess their own skills by comparing their performances with those
of other people and with their own performances across domains”.

The internal comparison process described in the I/E model posits that students use
their accomplishments in one domain (e.g., maths vs. verbal) to evaluate their
accomplishment in the other, leading to the extreme domain specificity of ASCs. Xu (2011)
found I/E-like patterns for ASC and intrinsic value, but they were much weaker for attainment
value and utility value. One explanation, based on modern EVT (Eccles, 2009), might be that
the formation of utility value and attainment value is more related to an individual’s personal
and collective identities, whereas intrinsic value is more related to performance-based
experiences (also see Marsh, Martin, & Debus, 2001). However, there is insufficient research
on the generalisability of the internal comparison process to different motivational constructs
and particularly the EVT value components in EVT.

Dimensional comparison theory (DCT). More recently, the I/E model has been

extended into DCT by incorporating a wider variety of domains in addition to maths and
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verbal domains. Theoretically, the extension of the I/E model into DCT is based on a prior
continuum of academic domains that vary between the maths and verbal endpoints The
ordering of subject domains along the verbal-to-maths continuum is based on the theoretical
and empirical research that led to the Marsh/Shavelson model (Marsh, 1990; Marsh et al.,
1988) (see Figure 2.3, also see earlier discussion). DCT postulates that ASCs are formed not
only by contrasting but also by assimilating dimensional comparisons. Contrasting
dimensional comparison processes predict that good performance in one domain leads to
lower ASC in other domains (like contrast effects posited in the traditional I/E model based
on maths and verbal domains). On the other hand, assimilating dimensional comparison
processes are characterised by good performance in one domain leading to higher ASC in
other domains (i.e., assimilation effects). The critical feature of DCT is the cross-paths
involving “near” and “far” comparisons, which relates to how students determine similarity of
different subject domains (Marsh et al., 2014; Marsh, Liidtke et al., 2015). According to the
maths-verbal continuum of school subjects, DCT posits that cross-paths involving “near”
comparisons are substantively less negative and may even be positive (i.e., assimilation effect;
Marsh, Liidtke et al., 2015). For example, near domains (i.e., physics vs. chemistry, native
language vs. foreign language) may be seen as similar or complementary domains, which
results in positive cross-paths leading from one domain to ASC in the other domain. However,
significantly negative cross paths leading from achievement occur between far domains
(physics vs. verbal, maths vs. foreign language), in particular between the maths and verbal
domains that are at opposite ends of the maths-verbal continuum of ASCs.

There is more recent empirical support for DCT predictions across multiple subject
domains (i.e., maths, physics, chemistry, biology, foreign language, native language) (Marsh
et al., 2014; Marsh, Liidtke et al., 2015; Jansen et al., 2014, 2015). For instance, drawing on
large samples of German high school students, Jansen et al. (2015) extended a classic I/E
model (in relation to maths and verbal) with three science domains (physics, chemistry, and
biology) and found a substantially positive effect of achievement on the matching measure of
ASC (i.e., the horizontal path) across the five domains. More importantly, in relation to cross-
paths, physics, chemistry and, in particular maths had contrast effects on German, whereas
small assimilation effects were found between maths, physics, and chemistry. Nevertheless,
apparently very little research has examined the internal comparison process posited in DCT
for value beliefs.

Internal comparisons process for the prediction of achievement-related
behaviours. The internal comparison process that is such a critical process in the I/E model

and dimensional comparison theory was subsequently integrated into EVT (Marsh & Yeung,
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1997). However, it is only recently that studies have begun to integrate both models in the
study of behaviour choices, such as coursework selection in high school (Nagy et al., 2006;
2008) and university major selection and career aspirations (Parker et al., 2012; Parker, Nagy
et al., 2014).

Recent research has integrated the notions of EVT and the I/E model with its
extension to DCT and found that internal comparison between maths and verbal domains are
useful for predicting both achievement-related coursework choices and aspirations. (Nagy et
al., 2008; Parker et al., 2012). For example, high ASC and ability in the verbal domain led to
low coursework aspirations in maths, after controlling maths ASC and ability (Nagy et al.,
2008; Parker et al., 2012). More recently, Parker, Nagy et al. (2014) extended this research
and tested the role of internal comparison processes in predicting students’ career aspirations
in multiple major domains. Specifically, Parker, Nagy et al. (2014) found that high maths
ASC was associated with a greater likelihood of aspiring to a career in maths, physics, and
engineering, rather than biological/medical sciences, whereas high English ASC was
associated with a greater likelihood of having career aspirations in biological/medical
sciences rather than in maths, physics, and engineering. These ASCs were positively
predicted by achievement in the same domain but negatively predicted by achievement in
another domain. However, Parker, Nagy et al. (2014) only compared ASCs between maths
and verbal domains, which are perceived as maximally dissimilar dimensions (Moller &
Marsh, 2013) and are placed at the end points of the academic continuum (Marsh, 1990). This
leaves open the question as to whether students engage in assimilating dimension
comparisons between similar domains that are close to each other on the continuum (e.g.,
physics and chemistry) during the decision-making process. To fill this gap, this thesis
integrates the comparison process posited in DCT into EVT to explore how the comparison
process is associated with the formations of ASC and value beliefs, as well as behavioural
choices (e.g., coursework selection and aspirations), across multiple subject domains in
addition to maths and verbal domains.

To summarise, it is important to evaluate the integration of EVT and the internal
comparison processes posited in the I/E model and DCT, in which outcomes in any one
domain depend not only on accomplishments, on ASC beliefs, and on value perceptions in
that domain, but also on how these constructs compare to those in other, contrasting domains.
In the literature, such internal comparison processes were found to play an important role in
forming students’ ASC and subsequently shaping achievement-related performance and

choices. However, there is insufficient research of the generalisability of the internal
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comparison process to different components of task value, particularly among multiple
science domains.
Background Factors (Gender and Socioeconomic Status)
in Relation to Modern EVT

According to modern EVT (Eccles, 2009; Eccles et al., 1983), a set of social and
cultural factors (e.g., gender role socialisation and SES) are assumed to influence individuals’
achievement-related choices and performance through the relationship with expectancy and
task value.

Gender

Historical stereotypes about male superiority in maths and science are in direct
contrast to growing evidence of gender similarities in maths achievement (Else-Quest, et al.,
2010; Hyde et al., 1990; Lindberg, Hyde, Petersen, & Linn, 2010). However, it has been well
documented that boys tend to have higher maths ASCs than girls (Marsh et al., 2013; Marsh
& Hau, 2007; Parker et al., 2012, 2014; Wigfield et al., 1997). Gender differences in value
beliefs depend on the operationalisation of value beliefs and differences in the value
dimensions incorporated (Gaspard et al., 2015). For example, there was no gender difference
in maths task value when treated as a single, general value scale (Jacobs et al., 2002; Wang,
2012; Wang & Eccles, 2013). Research that differentiated value components found that boys
had a higher intrinsic value in maths (Nagy et al., 2006, 2008; Watt et al., 2012) and
perceived maths as more useful than girls (Eccles et al., 1999; Marsh, Abduljabbar, et al.,
2013; Updegraff, Eccles, Barber, & O’Brien, 1996). Importantly, these differences in
motivational beliefs predict disproportionate gendered course-taking in maths (Eccles et al.,
1999; Nagy et al., 2006, 2008; Wang, 2012; Watt et al., 2012) and subsequent maths-intensive
major selection in university (Parker et al., 2012; Parker, Nagy et al., 2014).

Furthermore, to understand better the gendered processes underlying the choice of
educational pathways, Eccles (2009) suggests that research should focus on gender
differences, not only in the mean level of motivational beliefs and educational choices but
also in the relationships between these constructs. However, on the basis of EVT, the extant
research investigating gender as a moderator has been limited and has yielded mixed evidence
(e.g., Simpkins et al., 2012; Wang, 2012; Watt et al., 2012). For example, based on a
multicohort study using data from Australia, Canada, and the United States, maths utility
value was found to be a stronger unique predictor of female adolescents’ maths-related career
choices compared to maths ASC and intrinsic value (Watt et al., 2012). In contrast, Wang

(2012) found that the relations between maths ASC and task value and maths-related career
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aspirations and maths course enrolment are invariant across gender based on U.S. high school
students.

Socioeconomic Status

Family background also plays an important role in achievement-related choices.
Children growing up in families where parents have high educational levels and occupational
status, and provide more cultural capital (i.e., cultural possessions such as books, tutors and
computers) are more likely to have higher academic achievement (Chiu & Xihua, 2008), enter
universities (Bowen et al., 2009; Bourdieu & Passeron, 1977; Eccles, Vida, & Barber, 2004;
Hillmert & Jacob, 2010) and take STEM-related subjects or majors in colleges and
universities (Gorard & See, 2009; Sciarra, 2010; Trusty & Ng, 2000). In addition, consistent
with modern EVT (Eccles, 2009), multiple studies have demonstrated that SES influences
entry into university and pursuing a science-related career through its association with
children’s ASC (Parker et al., 2012; Parker, Marsh et al., 2014; Schoon, Ross, & Martin, 2007)
and task value (e.g., utility value; Wood, Kurtz-Costes, & Copping, 2011).

To summarise, although research found that motivation factors are important
mediators of the relations between background factors (gender and SES) and educational
outcomes, very few studies have considered both ASC and multiple value beliefs
simultaneously when investigating the mediating role of motivation factors. This thesis
included ASC and multiple value beliefs as potential mediators, and further explored the
nature of the relations between gender and SES, and achievement related outcomes. Whether
such relations are moderated by gender is also examined. furthermore, from a cross-cultural
perspective, the modern EVT was originally designed to explain a sociocultural phenomenon,
in which cultural differences not only shape the way education is valued but also the way in
which self-beliefs are constructed and encouraged (Wigfield & Eccles, 2002; Wigfield et al.,
2009). However, in extant EVT research, the role of culture in students’ motivational
dynamics has often been neglected. Drawing on multiple large datsets, whether the effects of
gender and SES vary by different cultural groups is also addressed.

Research Questions of this Thesis

Drawing on the EVT framework and its integration with ASC theory, this thesis
provided a comprehensive test of the roles of students’ ASC and value beliefs in the process
leading to different educational and career pathways, with a focus on STEM pathways. First,
this thesis examined the differential effects of ASC and multiple value components on
achievement-related outcomes (e.g., high school maths course selection and science course
aspirations, university STEM major enrolment), which was proposed in modern EVT but has

not been well studied. In addition, this thesis tested the multiplicative relation between ASC
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and value beliefs in predicting educational outcomes, which was the historical cornerstone of
classic EVT (Atkinson, 1957) but it seemed to have mysteriously disappeared from the
modern EVT model (Nagengast et al., 2011; Trautwein et al., 2012). Furthermore, this thesis
integrated three of the main theoretical models in ASC research (domain specificity, REM,
and I/E model) into EVT, and examined how these models generalise to different components
of task value with various achievement-related outcomes.

In this thesis, four representative national/international databases were used.
Specifically, studies 1 and 4 drew on the TIMSS datasets (i.e., TIMSS1999, 2003, and 2007).
TIMSS is the fourth in a cycle of internationally comparative assessments designed to provide
researchers, educators and practitioners with information about educational achievement and
learning contexts in maths and science around the world. The data used in study 2 came from
a five-wave longitudinal follow-up study — the US Youth in Transition study (YIT)
(Bachman & O’Malley, 1977; also see Bachman, 2001, 2002). The data used in study 3 came
from the 2003 cohort of the Longitudinal Study of Australian Youth (LSAYO03) extension of
the PISA 2003 (OECD, 2005a). Like TIMSS, the PISA database is designed to provide
internationally comparable evidence of student performance and related competencies.
However, it mainly focuses on the Organisation for Economic Co-operation and Development
(OECD) countries and one school subject domain in one wave. Finally, the dataset used in
study 5 (see Gaspard et al., 2015) was part of the larger Motivation in Mathematics (MoMa)
project drawing from 9th grade high school students from 82 classes in 25 academic track
schools (Gymnasium schools) in Germany.

This thesis was based on secondary data analyses which have provided great benefits
for research in social science (Elder, 1998; Elder, Pavalko, & Clipp, 1993). The secondary
data analysis can be defined as the re-use of the initial data in creative, innovative, and novel
ways for offering new insights into theory and addressing substantively issues that benefit
policymakers and broader community (Kum & Ahalt, 2013). The databases covering reliable
and valid measures of multiple value components positive in EVT with ASC based on large
samples are sparse, which is particularly important for detecting latent interaction (see above
discussion). However, this thesis utilised multiple datasets based on nationally representative
samples, which allowed exploring the unique and combined contributions of ASC and
different value components to predict a wide range of achievement-related outcomes. Thus,
the generalisability of the results across countries and student cohorts was examined in this
thesis, aiming to provide a more comprehensive picture of the student decision-making

process leading to STEM-related educational and career pathways.
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Overarching Research Questions

One of the central contributions of this thesis was to probe the predictive contributions
of ASC, task values, and their interactions on achievement-related outcomes. More precisely,
this thesis examined the unique effects of ASC and multiple value components, as well as
their combined effects (i.e., ASC-by-value interactions), on a wide range of achievement-
related outcomes. Importantly, it evaluated whether the interaction effect along with the first-
order effect of ASC and value beliefs are consistent with modern EVT. Recent studies on
ASC-by-value interaction (e.g., Nagengast et al., 2011; Trautwein et al., 2012) have not
considered the first-order and interaction effects of more than one value component with self-
concept in the same model. This research gap was addressed in this thesis. Thus, this thesis
provides strong tests on how the interactive roles of ASC and value play in predicting diverse
achievement-related outcomes.

Specific Research Questions of the Five Empirical Studies

In the education domain, based on modern EVT (Eccles, 2009; Eccles et al., 1983),
expectancies of future success in the various subject domains and the subjective value
students attach to these various domains have been well documented as two key components
to explain students’ achievement-related choices and performance (Wigfield et al., 2009;
Wang & Degol, 2013). On the other hand, based on the hierarchical and multidimensional
factor structure of ASC, a large body of ASC research has demonstrated how internal
processes are associated with the formation of ASC, which in turn influences achievement-
related outcomes (coursework selection, engagement, subsequent achievement, educational
aspirations, and subsequent university attendance) (Marsh, 2007, Marsh & O’Mara, 2010;
Nagengast et al., 2012; Parker et al., 2012; Parker, Nagy et al., 2014). Although the
expectancy component of EVT is typically represented by ASC, the theoretical models
posited in ASC theory have not been well integrated into modern EVT.

More specifically, although value beliefs are theorised as a multidimensional,
multidomain, and hierarchically ordered construct, the extant EVT research has not fully
tested this structure, the relative importance of the lower-order and the higher-order (global)
component, and the content domain specificity of the specific components (studies 4 and 5).
Furthermore, modern EVT assumes that components of value as a function of previous
achievement-related experience lead to enhanced subsequent achievement-related outcomes.
However, in contrast to ASC studies, researchers have not fully addressed the temporal
ordering of value beliefs in relation to achievement or other educational outcomes (study 2).
Finally, the internal (i.e., ipsative) comparison process posited in the I/E model has been well-

articulated in modern EVT (Eccles, 2009, 2011). However, little EVT research investigates
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how internal comparison processes influences the formation of value beliefs and subsequent
behavioural choices (studies 3 and 4).

Furthermore, two background variables (gender and SES) were incorporated to
examine the mediating roles of ASC and value beliefs as well as gendered processes
underlying students' behavioural choices (studies 1 and 3). Thus, the present investigation
advances our understanding of women's underrepresentation in some STEM pathways and of
how SES influences the process underlying choice of these pathways.

In addition to the examination of ASC-by-value interaction, the specific research
questions of the five empirical studies as now elaborated:

Study 1 (Expectancy-value in mathematics, gender and socioeconomic background as
predictors of achievement and aspirations: A multi-cohort study [published in Learning and
Individual Differences]) examined the relations between maths ASC and value beliefs
(intrinsic and utility values) and student background variables (gender and SES) in predicting
maths achievement and educational aspirations. In addition to ASC-by-value interactions, this
study examined how ASC and value beliefs mediated the relations between background
variables and educational outcomes. In addition, study 1 explored whether the relations
among SES, motivational beliefs and educational outcomes, including the latent interaction,
varied by gender. Participants were from three cohorts (1999, 2003, and 2007, N = 13,621) of
Hong Kong's TIMSS dataset covering a period of considerable change in the Hong Kong
education system providing a strong test of the robustness of these findings.

Study 2 (Directionality of the associations of high school expectancy-value,
aspirations, and attainment: a longitudinal study [published in American Educational
Research Journal]) examined the directionality of the associations among cognitive assets (1Q,
academic achievement), motivational beliefs (ASC and task values), and educational and
occupational aspirations over time from late adolescence (Grade 10) into early adulthood (five
years post-high school). Participants were from a nationally representative sample of U.S.
boys N =2,213). Specifically, we explored how ASC and value interplayed with academic
achievement and educational and occupational aspirations (i.e., REM of ASC and value with
achievement and aspirations) in predicting long-term educational attainment.

Study 3 (Achievement, motivation, and educational choices: a longitudinal study of
expectancy and value using a multiplicative perspective [published in Developmental
Psychology]) examined individual and gender differences in ASC and value beliefs (intrinsic
and utility values), university entry and selection of educational pathway (e.g., science,
technology, engineering, and mathematics [STEM] major selection). Participants were from a

nationally representative longitudinal sample of 15-year-old Australian youths (N = 10,370).
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In particular, we explored how the internal comparison process posited in the I/E model and
DCT influenced long-term educational outcomes. The mediating role of ASC and value
beliefs and gendered patterns was also tested.

Study 4 (Extending expectancy-value theory predictions of achievement and
aspirations in physics, chemistry, earth sciences and biology: internal comparison processes
and expectancy-by-value interactions [under review in Learning and Instruction]) tested the
predictions about how ASC and task value are related to students’ achievement and their
coursework aspirations in four science domains (physics, chemistry, earth sciences and
biology), integrating EVT and the internal comparison process posited in DCT. Participants
are 18,047 Grade 8 students from four OECD countries (Czech Republic, Hungary, Slovenia
and Sweden) based on the TIMSS2007 dataset. These four countries were the only OECD
countries in which students completed surveys in relation to all four science domain-specific
subjects. Other OECD countries were excluded from this analysis as survey data was not
available for all science domains

This study evaluated domain specificity of ASC and value beliefs (intrinsic and utility
values) across the four science domains. It also examined how the internal comparison
process generalised across ASC and different components of task value, particularly among
multiple science domains, and how this comparison process was associated with coursework
aspirations.

Study 5 (Probing unique contributions of self-concept, task values and their
interactions using multiple value facets and multiple academic outcomes [published in AREA
Open]) examined the unique contributions of the four major value beliefs (intrinsic,
attainment, and utility values and cost) and ASC on achievement, self-reported effort, and
teacher-rated behavioural engagement in maths. Participants were 1,868 German 9th-grade
students. The present study captured the multidimensional nature of task values and explored
each value component and its interaction with ASC in predicting achievement-related
outcomes. Importantly, it also provided a more complete evaluation of the nature of
multiplicative relation in support for EVT, by juxtaposing the recent literature and the results

of the present investigation.
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Chapter 3: Methodology and Design

In this chapter, the major research methods are presented. Specifically, issues in
structural equation modeling (SEM) (e.g., multiple group analysis, method effects, and
complex design) are firstly discussed in relation to why these methods are important to the
analyses performed in this thesis. Second, two modern approaches employed to test the latent
interaction between ASC and value beliefs are presented. Finally, the methods used to handle
missing data are discussed.

Structural Equation Modeling

The structural equation modeling (SEM) framework allows analyses of relations
between latent variables in which measurement error, non-linear effects and complex
sampling designs (e.g., clustering) are accounted for (Bollen, 1989). Latent variable SEM
starts with a confirmatory factor analysis (CFA) model. The CFA model (i.e., the
measurement model) is a crucial first step as it tests the adequacy of the expected relations
and constraints between the measured indicators and the underlying latent variables (Bollen,
1989; Little, 2013). In this thesis all data analyses, CFAs and SEMs, were conducted with
Mplus 7.11 (Muthén & Muthén, 1998-2013). To evaluate the adequacy of the measurement
properties of each construct in CFA models, as well as the extent to which the SEM model
represents the proposed theory by fitting the data well, a set of indices are utilised. In applied
CFA and SEM research, there is a predominant focus on traditional indices that are relatively
independent of sample size (Hu & Bentler, 1999; Marsh et al., 2004) such as the comparative
fit index (CFI), the root-mean-square error of approximation (RMSEA) and the Tucker-Lewis
Index (TLI). For consistency with prior works, these three indices as well as the y” statistics
and parameter estimates are reported in each study. Values greater than .95 and .90 for CFI
and TLI typically indicate excellent and acceptable levels of fit to the data. RMSEA values of
less than .06 and .08 are considered to reflect good and acceptable levels of fit to the data.
However, these cut-off values constitute only rough guidelines rather than golden rules
(Marsh, Nagengast, & Morin, 2012; Marsh, Hau, Balla, & Grayson, 1998).
Multiple Group Analyses

The evaluation of model invariance across different groups (e.g., gender or cohort) or
over different occasions for the same groups has been widely applied in SEM studies
(Meredith, 1993; Marsh et al., 2009; Millsap & Meredith, 2007). A series of increasingly
stringent invariance constraints on the parameters of measurement and structural parts of the
model can be tested by evaluating fit indices. Indeed, it is typically more useful to compare
the relative fit of different models in a nested taxonomy of measurement invariance models

than to compare the relative fit of single models (Marsh et al., 2009, 2012). Cheung and
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Rensvold (2002) and Chen (2007) have suggested that if the decrease in CFI is not more

than .01 and the RMSEA increase is less than .015 for the more parsimonious model, then
invariance assumptions are tenable. Again, all these proposals should be considered as rough
guidelines or rules of thumb.

Factor loading invariance is the precondition for meaningful comparisons of the
variance-covariance matrices of the latent variables across groups (Millsap, 2011). Thus, to
compare differences in patterns of relations among groups, it is only necessary to have factor
loadings invariant for latent variable models. However, invariance of factor loadings and item
intercepts is a prerequisite for the comparability of factor means across groups (e.g., gender).
Although researchers can pursue further restrictive invariance testing (e.g., uniquennesses
invariances, factor variance-covariances invariances, etc.) that may prove fruitful in
understanding measurement or structural differences across groups, this thesis mainly focuses
on testing factor loadings and item intercepts invariances which are the only key pre-requisite
to the key comparisons conducted in this thesis.

Method Effects

Method effects are non-trait effects associated with idiosyncratic aspects of particular
items (Marsh, Abduljabbar et al., 2013). Failing to take into account these effects would result
in unsatisfactory model fit, biased parameter estimates of path coefficient between the
corresponding latent constructs, and substantive misinterpretations (Marsh & Hau, 2004;
Marsh, Abduljabbar et al., 2013). Method effects associated with negative item wording have
been reported for many scales since the construct irrelevant variance of negatively worded
items tends to detract from the construct validity of interpretations (Marsh, 1986; DiStefano &
Motl, 2006; Marsh, Abduljabbar et al., 2013). Correlated uniquenesses between negatively
worded items are generally used to test for negative-item method effects (Marsh, 1986; Marsh,
Scalas, & Nagengast, 2010). For example, in studies 1 and 4 based on the TIMSS data,
analyses involve survey items with negative wording for ASC (“Mathematics/Physics is more
difficult for me than for other” and “Mathematics/Physics is not one of my strengths”) and for
intrinsic value (“Mathematics/Physics is boring). The correlated uniquenesses between the
three items are thus included to control for method effects (Marsh, Abduljabbar et al., 2013,
2015). In addition, following recommendations by Marsh and Hau (1996), in study 4 we
included correlated uniquenesses for each matched pair of domain-specific science
motivational items that are parallel worded, such as “I usually do well in physics” and “I
usually do well in biology”. The exclusion of these correlated uniquenesses would bias
parameter estimates so that correlations between matching latent constructs across different

domains are systematically inflated (Marsh et al., 2010; Marsh, Abduljabbar et al., 2015).
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Hence, in this thesis, correlated uniquenesses are posited as a priori between negatively
worded items and between those with parallel wording to obtain unbiased parameter estimates.
Complex Design

The datasets used in this thesis have a hierarchical, nested data structure in which
students are nested within schools and classes. For a true multilevel SEM, variance on the
within and between school/class levels need to be decomposed in order to model relation at
the different levels simultaneously. Of particular interest in this thesis is the individual-level
relationship among latent variables, and analyses that do not involve any school/class-level
variables. Thus, a single-level SEM appears sufficient and appropriate (Muthén & Satorra,
1995; Stapleton, 2006). However, ignoring the sampling design effects of the clustered
sample data would lead to biased estimates of standard errors (Stapleton, 2006). Hence,
complex design modeling is used in this thesis. This method results in the same parameter
estimates of path coefficients as in single-level modeling, but the standard errors of the
parameter estimates are corrected for nesting of students at the school/classroom level. This
method is implemented in Mplus 7.11 through the TYPE = COMPLEX function (Muthén &
Muthén, 1998-2013). The complex function provides the corrected standard errors of the
estimates and a scaled chi-square statistics robust to non-independence of clustered
observations within the same cluster (Muthén & Satorra, 1995; Stapleton, 2006).

For studies 1 and 4, the HOUWGT weighting variable provided in the TIMSS data is
also used in data analyses in order to correct the computation of standard errors and tests of
statistical significance. Consistent with its two-stage stratified sampling design, TIMSS
provides the HOUWGT weighting variable that has six components, one each for school,
class and student level, and one each for adjustment factor associated with non-participation
at these three levels (Olson, Martin, & Mullis, 2008). HOUWGT is based on the actual
number of students in each participating country that is appropriate for correct computation of
standard errors and tests of statistical significance (Marsh, Abduljabbar et al., 2013). Thus,
HOUWGT weighting variable and clustering variables (i.e., class and school) were taken into
account in the data analyses in studies 1 and 4. Likewise, the international PISA database
used a complex sampling design (see OECD, 2005b, for details). Consequently, selection
probabilities differ between student and schools and all analyses of the PISA data have to use
the appropriate weights, which additionally correct for school and student non-response, to
obtain representative results (see OECD, 2005b). Therefore, the weighting variable provided
in the PISA2006 was utilised in study 3.
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Latent Interaction Modeling

As discussed earlier, empirical research examining the interaction effect between
expectancy (ASC) and value beliefs on achievement-related behaviours in non-experimental
settings has been surprisingly scarce in the literature. One of the reasons for this sparsity is the
error-prone specification of non-linear interaction effects when implemented outside of the
latent variable framework due to the lack of control for measurement error (e.g., Bollen, 1996;
Kenny & Judd, 1984; Joreskog & Yang, 1996; Ping, 1995, 1996). However, recently
researchers have been able to examine interaction effects between latent variables using
structural equation modeling (SEM) (Bollen, 1989) techniques such as the latent moderated
structural equation approach (LMS) (Klein & Moosbrugger, 2000) and the unconstrained
product indicator approach (Marsh et al., 2004). For the purpose of this thesis, these two
approaches are employed. Each approach is discussed below in detail.
Unconstrained Approach

Kenny and Judd (1984) initially developed the basic product-indicator approach to
estimate latent interaction effect. In their approach, multiple product-indicators were used for
the specification of the interaction term in the measurement model. Based on Kenny and
Judd’s (1984) seminal work, the product-indicator approach has received subsequent
development (Algina & Moulder, 2011; Hayduk, 1987; Joreskog & Yang, 1996; Ping, 1995,
1996; Wall & Amemiya, 2001). However, these approaches were cumbersome to implement
and required overly restrictive assumptions on which it was based, leading to the development
of new approaches (Marsh et al., 2004; Marsh, Hau et al., 2013).

In comparison to the traditional constrained approach (e.g., Joreskog & Yang, 1996;
Algina & Moulder, 2011) and the partially constrained approach (Wall & Amemiya, 2001),
the unconstrained approach is relatively simple to implement in that most of the complicated
constraints required in the original Kenny and Judd (1984) approach are relaxed (Marsh et al.,
2004). The unconstrained approach has shown performance as good as the constrained
approach when the underlying assumptions of the constrained approach are met in the
simulation study, and much better performance when these assumptions are not met — which
is generally the case (Marsh et al., 2004).

The SEM with two latent predictors and their interacting latent variable is typically
specified as:

N=78+7:6, +7:65 +6. (D

where ¥,,7, and 7, are the partial regression coefficients of the latent predictor

variables and their cross-product and § is the structural model residual. The latent predictors
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& and &, as well as the latent outcome variable 1 are each inferred from at least two
indicators as specified in the corresponding measurement models. &,,&, and &, are allowed to

be correlated with each other, but each is uncorrelated with measurement errors and the
residual term 4 .
X = /lxigi + 61] Vi = /lym + &, (2)
where x; is the jth indicator of the ith latent predictor variable &, A, is the
corresponding factor loading and 517 is the corresponding residual, y, is the k th indicator of
the latent outcome variable 77, 4, is the corresponding factor loading, and ¢, is the

corresponding residual.
Product-indicator approaches, such as the unconstrained approach, identify the latent

cross-product & &, by products of indicators of the latent predictor variables, according to the
following measurement model

X% = 4268, + 6, (3)

where x,; is the i th indictor of & andx,, is the /th indicator of &,, A,,,, is the
corresponding factor loading on the latent product variable and 9,,,, is the corresponding

residual. The critical problem with the indicator approach is how to form the product indicator.
All indicators of the latent variables are centred before the product indicators are computed
(Marsh et al., 2004). According to the guiding principles proposed in Marsh et al. (2004): (a)
all the multiple indicators of both latent predictors need to be used, and (b) the same indicator
should not be re-used in forming the indicators for the latent product variable (also see Marsh,
Hau et al., 2013). Hence, each indicator in & and &, should be used only once in the
formation of the product indicators. In this thesis, product indicators are formed based on the
reliabilities of the indicators of § and &, (i.e., the best item in&, with the best item in&, ) for

detailed discussion about construction of product indicators see Marsh et al., 2004, 2007;
Marsh, Hau et al., 2013.
Latent Moderated Structural (LMS) Equation Approach

In contrast to the product-indicator approach, by specifying a separate latent
interaction variable the LMS approach uses conditional distributions to present the non-linear
effects (Klein & Moosbrugger, 2000; Kelava et al., 2011). Specifically, a likelihood function
for a non-normal distribution is derived, which is approximated by numerical methods, and
maximised through the use of the expectation maximisation (EM) algorithm (Dempster, Laird,

& Rubin, 1977; Klein & Moosbrugger, 2000). Thus, the LMS directly estimates the



Chapter 3: Methodology and Design 33
parameters of the latent interaction model given in Equation 1 without having separate
indicators of the product term.

The LMS approach makes the same standard assumptions of latent variable models as
the unconstrained approach (except for normally distributed y variables of the latent outcome

variable 7). In general, assumption of normality for the measured y of the latent 1 is violated

in models with interaction. The LMS approach maximises special fitting likelihood function
that takes the non-normality of the indicators of the dependent latent variable into account,
but it still relies on normality assumptions about the indicators of the latent predictor variables.
Thus, although both the unconstrained approach and the LMS approach provide unbiased
results under normality assumptions, the LMS approach is more precise (efficient), in
particular when the sample is small (Marsh et al., 2004, Kelava et al., 2011). However, these
advantages are offset by the need to use specialised software to estimate the interaction model
and no information of fit indices based on the y* statistics as well as of modification indices.
In particular, a crucial advantage of the unconstrained approach over the LMS approach is the
high computational demands of the LMS approach, which substantially limits its applicability
(Marsh et al., 2004; Marsh, Hau et al., 2011).

In this thesis, the LMS approach is applied to test interaction effect in studies 1 and 3,
in which only two latent variable interactions are included simultaneously. However, given
the problem of high computational burden of the LMS approach (as discussed earlier), the
unconstrained approached is employed in studies 2, 4 and 5, in which more than four latent
variable interactions are tested in a single SEM model.

Estimator

Consistent with the assumptions of the unconstrained approach and the LMS approach,
the models are estimated using the Mplus robust maximum likelihood (MLR) estimator
(Klein & Moosbrugger, 2000; Marsh et al., 2004). MLR estimation is also robust in relation
to the non-normality and non-independence of observations when used in conjunction with a
design-based correction that controls for controlling for the hierarchical, nested nature of the
data (Muthén & Muthén, 2008-2013) (see earlier discussion).

Missing Data

It is rare that a dataset is without missing values, particularly in longitudinal studies.
According to Rubin’s theory (1987), there are three mechanisms for missing data: missing
completely at random (MACR), missing at random (MAR), and missing not at random
(MNAR). Historically, statistical analyses were conducted using the traditional approaches
(i.e., listwise deletion and mean substitution) to missing data under the assumption that all the

missing data is due to a MACR process. However, in most practical applications this
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assumption is violated. The reason is that MACR mechanism refers to the missingness that is
unrelated to any characteristics of the participants and can thus be considered to occur in a
purely random manner, that is to represent a random sample of the complete data.

MAR refers to missingness that is associated with other variables present in the
analysis model, whereas MNAR indicates that the missingness on a given variable is
associated with the value of that variable itself. Under both assumptions, the traditional
approaches can seriously undermine the estimates and have therefore received heavy criticism
(Enders, 2010; Little, Jorgensen, Lang, & Moore, 2013). However, there has been substantial
development in the methodologies to deal with missing data issues, such as full information
maximum likelihood (FIML) and multiple imputation (MI). Under MAR assumptions, these
two state-of-the art methods have been shown to be robust to departures from normality
assumptions and to provide unbiased results, even for low sample sizes and/or high rates of
missing data (Graham, 2009; Graham, Olchowski, & Gilreath, 2007; Enders, 2010). In
particular, these approaches makes it possible to use auxiliary variables (i.e., a variable not
directly included in the model, but allowed to predict the missing values) related to the
missing data mechanism present in the data in order to transform data from MNAR to MAR
(Little et al., 2013; Enders, 2010).

In this thesis, the missing data in the two longitudinal studies (1 and 3) focusing on the
post-high school transition appeared to be mainly related to attrition, particularly for post-
school outcomes that typically were estimated several years after the initial time wave. In
such cases, MAR is the most likely missing data mechanism. Studies 1 and 4 utilised the
TIMSS datasets, which are based on the matrix sampling design through which each
participants only received a random subset of items. Consequently, there were substantial
numbers of missing values of maths and science test scores. However, these missing data
were MACR due to the nature of the randomised matrix design. In study 5, the percentage of
missing data was relatively low (2.9% at maximum). Thus, in this thesis both FIML and MI

are used to handle missing data.
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Chapter 4: Study 1 - Expectancy-Value, Gender and Socioeconomic Background as

Predictors of Achievement and Aspiration: A Multi-cohort Study

Note. Permission to present the published version of this study in this thesis has been
obtained from the publisher — Elsevier. Please download the article from the publisher's

website (http://www.sciencedirect.com/science/article/pii/S1041608015000138).

Guo, J., Marsh, H. W, Parker, P. D., Morin, A. J. S., & Yeung, A. S. (2015). Expectancy-
value in mathematics, gender and socioeconomic background as predictors of
achievement and aspirations: A multi-cohort study. Learning and Individual

Differences, 37, 161-168. doi:10.1016/j.1indif.2015.01.008
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Preface

The overarching goal of this thesis was to examine the unique and combined
contributions of ASC and value beliefs in the prediction of achievement-related outcomes. In
pursuing this overarching aim, study 1 examined how 8" Grade Hong Kong studensts’ self-
concept and intrinsic and utility values related to their educational outcomes (achievement
and educational aspirations) in the maths domain. Although the ASC-by-value interaction has
been reintroduced in recent empirical studies (e.g., Nagengast, et al., 2011), study 1 was
among the first to consider both ASC and multiple task values and their interactions (i.e.,
ASC-by-intrinsic value and ASC-by-utility value) together in order to examine the relative
and unique effects of each in their predictions on educational outcomes. This provided a
strong test for the theoretical assumption of EVT that multiple task values simultaneously and
differentially influenced achievement-related outcomes.

Another major goal of the thesis was to explore how gender role socialisation and
family socioeconomic status (SES) shaped students’ academic and motivational pathways.
Study 1 examined the direct effects of gender and SES as well as the extent with which these
direct effects are mediated by motivational beliefs. For a more complete understanding of
gendered processes underlying academic pathways, study 1 also tested whether the relations
among SES, motivational beliefs and the educational outcomes differed as a function of
gender. However, research on moderation effects of gender so far has been very limited and
has yielded mixed evidence across different cultures (Watt et al., 2012). Study 1 is one of the
first to examine gendered motivational processes affecting academic achievement and

aspirations in an Asian context.
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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
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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, Koller, & 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 o« = .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 (o = .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

!

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 g0?"). 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 (ow = .707
to 740). Gender was self-reported and coded 0 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) 422 (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 45 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) 422 (1.28) 563.42 (88.41)
Girls (N = 1722) 2.35 (.65) 2.55 (.75) 2.93 (.58) 2.75 (1.11) 426 (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, CFl = .969, TLI = .962, RMSEA = .050; 2003
model: y? = 1911.819, df = 254, CFI = .978, TLI = .974, RMSEA =
.051; 1999 model: y? = 3193.741, df = 499, CFl = .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

.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.

Akey 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)

.223(.013)
Gender
.088(.016)
SES

/

.178(.021)

.302(.015)

-161(%

.311(.017)
-055(.013) _ 969(.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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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) 1004* (.002) — 012 (.055)
2007 —.141% (.034) 074* (.012) 011 (.005) 1003 (.003) 1053 (.034)
Mean(SE) —.113* (.017) 080" (.008) .006 (.004) 1003 (.002) 014 (.024)

Educational aspirations 1999 — 163" (.023) 024" (.009) — 018 (.011) 1008 (.006) — 149" (.022)
2003 —.099* (.019) 026" (.011) —.011(.007) 016" (.008) — 068" (.040)
2007 — 136" (.024) 027" (.011) —.003 (.004) 1009 (.006) —.103* (.021)
Mean(SE) —.128* (.013) .029* (.007) — 006 (.004) 010* (.004) —.114* (.014)

Socioeconomic status (SES)

Math achievement 1999 175* (.041) 1038* (.013) 1002 (.007) 014* (.006) 229* (.043)
2003 164" (.032) 1032* (.010) —.001 (.002) 014* (.004) 209* (.025)
2007 201" (.038) 1039* (.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 = mathematics intrinsic value; MUV = mathematics utility value.

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
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Self-concept(SD)

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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Educational Aspirations (SD)
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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-
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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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Preface

The thesis integrated and extended two major theories (i.e., EVT and ASC theory) in
achievement motivation to provide a broader conceptual framework for understanding student
motivation, engagement, aspirations, and long-term attainment. Although it has been
documented that motivational beliefs play an important role in influencing educational
attainment, little research has examined how motivational beliefs interact with aspirations and
cognitive factors to shape educational pathways during the transition into early adulthood.
The first aim of study 2 was to integrate one of the critical theoretical models of ASC — the
reciprocal effect model (REM) — into EVT, by examining the reciprocal effects of ASC,
intrinsic value, and utility value in relation to academic achievement and educational and
occupational aspirations during post-high school transition, over an eight-year period.
Another contribution of study 2 was to examine how multiple non-cognitive (motivation and
aspirations) and cognitive (IQ and achievement) factors influenced educational attainment
across time.

Finally, study 2 extended study 1 by exploring longitudinal evidence for ASC-by-
value interactions in predicting a variety of outcomes. It should be noted that latent
interactions between ASC and values were not included in the main text of study 2, given that
the journal editors and reviewers suggested that this issue would bring another complication
to an already complex article. These tests of latent interactions were thus reported in
Appendix 2-F of study 2 as supplemental materials and discussed in the final general

discussion and conclusion chapters of this thesis.



Chapter 5: Study 2

American Educational Research Journal
April 2015, Vol. 52, No. 2, pp. 371-402
DOI: 10.3102/0002831214565786

© 2015 AERA. http://aerj.aera.net

Directionality of the Associations of High
School Expectancy-Value, Aspirations, and
Attainment: A Longitudinal Study

Jiesi Guo
Australian Catholic University
Herbert W. Marsh
Australian Catholic University
King Saud University
University of Oxford
Alexandre J. S. Morin
Philip D. Parker
Gurvinder Kaur
Australian Catholic University

(This study examines the directionality of the associations among cognitive
assets (1Q, academic achievement), motivational beliefs (academic self-
concept, lask values), and educational and occupational aspirations over
time from late adolescence (Grade 10) into early adulthood (5 years post

bigh school). Participants were from a nationally representative sample of

US. boys N = 2.213). The resulls suggest that (a) self-concept and intrinsic
value have reciprocal effects with academic achievement and predict educa-
tional attainment, (b) self-concept is consistently found to predict occupa-
tional aspirations, (¢) the associations between achievement and aspirations
are partially mediated by motivational beliefs, and (d) academic self-concept
in high school had stronger long-term indirect effects on future occupational
aspirations and educational attainment than task values and IQ.

Keyworps:  self-concept, expectancy-value, educational attainment, educa-
tional and occupational aspiration, transition in adulthood

he post-high school transition into early adulthood marks an important

developmental step in the educational and occupational career of young
people. During this transition, individuals begin to make choices and engage
in a variety of activities that will have a determining impact on the rest of their
lives, including the decision about university or vocational study and entry into
the workforce (Savickas, 2002). In the educational area, it is well documented
that cognitive resources (e.g., IQ and prior academic achievement) are not the
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only factors that can help adolescents make a successful transition into adult-
hood. Indeed, personal motivation (interest, valuing) and aspirations for educa-
tion and learning and academic self-concept (competence belief, or expectations
of success) also represent key determinants of educational attainment and career
success (Dietrich, Parker, & Salmela-Aro, 2012; Eccles, 2009; Hauser, 2010;
Sameroff, 2010; Zarrett & Eccles, 2006). These personal noncognitive assets
have been widely identified in many developmental models, such as the expec-
tancy-value theory (EVT) (Eccles, 1994; Eccles et al., 1983), the social-cognitive
model of career choice (Lent, Brown, & Hackeet, 1994, 2000), the career con-
struction model (Savickas, 2002, 2005; Super, 1957, 1990), and the phase-
adequate engagement framework (Dietrich et al., 2012). Numerous empirical
studies have tested and supported these positive associations between cognitive
and noncognitive factors and educational attainment, perseverance, and success
(Eccles, Wigfield, & Schiefele, 1998; Fouad, 2007; Hauser, 2010). However, the
empirical studies that comprehensively examine the complex interplay between
cognitive ability and personal noncognitive assets in influencing final educa-
tional attainment across the transition into adulthood are scarce (but see
Parker et al., 2012; Parker, Marsh, Ciarrochi, Marshall, & Abduljabbar, 2013).
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Expectancy-Value at Post-School Transition

From a practical perspective, much attention has been given to educational
achievement—typically measured by standardized test scores—by educational
evaluation and policy. However, an increasing number of international studies
have demonstrated that educational attainment plays a more important role
than cognitive ability and achievement in long-term socioeconomic success
(Bowen, Chingos, & McPherson, 2009; Hauser, 2010). For example, Hauser
(2010) conducted secondary data analysis of longitudinal data over a 50-year
period that showed that IQ has little influence on occupational standing and
wealth after controlling levels of schooling. Indeed, many capable students
do not pursue pathways of higher education (Bowen et al., 2009). Given that
it is easier to alter educational attainment compared to cognitive ability, in par-
ticular for 1IQ, these findings imply that it is pivotal to investigate the process
through which individuals develop personal noncognitive assets (motivation
and aspirations) that subsequently lead to educational attainment.

On the other hand, these findings have important practical implications
for countries, seeking to build economic success. To maintain internationally
competitive economies, the U.S. government has recognized the need to
encourage tertiary education to meet the demand for highly skilled profes-
sionals (Lacey & Wright, 2009). For example, government programs such
as the Obama administration’s Race to the Top (RTTT) have been imple-
mented to improve individual educational attainment and narrow achieve-
ment gaps. It is important then that more research is conducted to better
understand exactly how motivation contributes to educational attainment.

Therefore, in the current research, we test a comprehensive model
based on EVT (Eccles, 1994, 2009) to fully examine the complex interplay
among cognitive variables (IQ, prior academic achievement) and motiva-
tional beliefs (expectancies and task values) and educational and occupa-
tional aspirations and their interrelationships across the transition from
high school (Grade 10) into early adulthood (up to 5 years post high schooD).

Theory and Background Literature

Expectancy-Value Theory

The modern EVT model (Eccles, 1994; Eccles et al., 1983; Eccles &
Wigfield, 2002) posits that achievement-related performance and choices
are most directly influenced by the individual’'s expectancies of academic
success and a subjective assessments of the inherent value of academic tasks;
the socialization processes linked to various cultural and social settings (e.g.,
school and family) influence individual differences in motivational beliefs. In
her extension of the model to educational and occupational choices, Eccles
(2007, 2009) argued that individuals make choices based on their expectan-
cies to meet the educational demands and success at a given career and for
the value they place on that particular educational or occupational goal.
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Modern EVT (e.g., Eccles, 1994, 2009) defines expectancy of success as
a task-specific belief about the possibility of experiencing future success in
that task that is directly related to individuals’ evaluations of their competen-
cies (e.g., academic self-concept; Marsh, 1986) in a given domain. Harter
(1990) and Marsh (1989) have conducted extensive research on adolescent
self-concept in different areas, the measures of which are highly related to
expectancy construct of expectancy-value theory (Wigfield & Cambria,
2010). Although ability beliefs (i.e., self-concepts) and expectancies of suc-
cess are theoretically distinct constructs, these two constructs are empirically
indistinguishable and collapse into a single construct in real-life settings
(Eccles & Wigtield, 2002; Wigfield & Eccles, 1992). For this reason, we use
academic self-concept in the current research as a measure of expectancies
of success and use these terms (i.e., self-concept and expectancies) synony-
mously. Also, modern EVT distinguishes between multiple components of
subjective task value (Wigfield & Eccles, 1992); for the present purposes
we distinguish between intrinsic value, referring to the enjoyment a person
gains from performing an activity (in line with intrinsic motivation and inter-
est), and wutility value, relating to how a specific task fits within individual
future plans and objectives.

In relation to the developmental trajectory of motivational beliefs, it is
well established that academic self-concept, intrinsic value, and utility values
tend to be quite stable during the upper high school years (e.g., Gottfried,
Fleming, & Gottfried, 2001; Marsh, Byrne, & Yeung, 1999; also see
Wigfield & Cambria, 2010, for a review). However, research exploring the
development of these motivational constructs during the post-high school
transition has been surprisingly sparse.

Motivational Beliefs and Achievement

According to the EVT (Eccles, 2009), students’ motivational beliefs as
a function of prior achievement-related activities (e.g., prior academic
achievement) influence subsequent academic achievement. Academic self-
concept has been demonstrated as a stronger predictor of academic achieve-
ment compared to value beliefs (e.g., Marsh et al., 2013; Trautwein et al.,
2012; Wigtfield & Eccles, 2002). Particularly in the later high school years,
academic self-concept appears to be more systematically related to academic
outcomes and the relationship appears to be reciprocal (Skaalvik & Hagtvet,
1990; Wigfield, 1994; Wigfield & Karpathian, 1991). To account for this recip-
rocal relationship, Marsh (1990, 1993; also see Marsh & Craven, 2000, for
a review) proposed a reciprocal effects model where prior self-concept
influences subsequent achievement and prior achievement influences subse-
quent self-concept. The generalizability of this reciprocal effects model has
been widely supported in numerous empirical studies based on diverse sam-
ple of adolescents (e.g., Marsh, 2007; Marsh & Craven, 2000).
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The relation between intrinsic values and academic achievement was
found to be reciprocal in some longitudinal studies of high school students,
while the effects of intrinsic value were substantially attenuated by controlling
for self-concept (Koller, Baumert, & Schnabel, 2001; Marsh et al., 2005;
Pinxten, Marsh, De Fraine, Van Den Noortgate, & Van Damme, 2014).
However, only little, or weak, relations between utility value and achievement
have been found when controlling for self-concept and intrinsic value (Eccles
& Wigfield, 2002). Although studies investigating the reciprocal effects of self-
concept, intrinsic value, and utility value with achievement have been con-
ducted within primary and high school settings, these reciprocal effects
have never been explored during the post—high school transition.

Motivational Beliefs and Educational and Occupational Aspirations

According to the expectancy-value model, motivational beliefs influence
engagement in different educational activities, as well as future educational
and occupational choices (Eccles, 1994, 2009). People will select the
achievement-related activities they think they can master and that have the
highest subjective task value for them as education and career interests and
choices across the set of options being considered (Eccles, 1994). Personal effi-
cacy and self-concept in academic tasks have long been thought to be a deter-
minant of behavioral choices by achievement theorists (Eccles, 2009), and this
positive association has been supported across a diverse sample of students in
numerous empirical studies (e.g., Betz & Hackett, 1983; Hackett & Betz, 1989;
Lent, Lopez, & Bieschke, 1991). Although academic self-concept has typically
been thought to be a crucial predictor of academic tasks selection within the
school, academic self-concept has also been found to be an important predictor
of educational and career choices in the recent literature (e.g., Marsh & Yeung,
1997; Nagengast & Marsh, 2012; Parker et al., 2012, 2013). For example, Parker
et al. (2013) found that academic self-concept had significant effects on entrance
into tertiary education at the end of high school, controlling for achievement.
Further, Savickas’s (2002, 2005) career construction theory, developed from
the seminal work of Super (1957, 1990), proposes that self-concept is one of
the determinants of how people choose their work and education trajectories
and construct their careers during the school to work transition (e.g., post—
high school and post-university transition).

However, positive expectancies of success are a necessary, yet not suf-
ficient, predictor of educational and occupational aspirations (Eccles, 2009).
Based on the EVT, longitudinal studies found that educational aspirations
were predicted by youths’ task values controlling for prior achievement
(Eccles, Vida, & Barber, 2004; Watt et al., 2012). Similarly, task values were
found to be significant predictors of occupational aspirations when both
expectancies and values are considered along with prior achievement
(Eccles, Barber, & Jozefowicz, 1999). However, these findings are only based
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on high school students. Given that late adolescents’ aspirations substantially
affect future education and career trajectories (Beal & Crockett, 2010; Mello,
2008), recent studies pertaining to directionality of the association of motiva-
tional beliefs and aspirations have placed emphasis on post-high school
transition (e.g., Parker et al., 2012, 2013). However, few studies have consid-
ered both self-concept and task value simultaneously when exploring direc-
tionality of the associations between these motivational beliefs and educa-
tional and occupational aspirations across the timing of the transition into
adulthood. In the current study, both academic self-concept and task value
were taken into consideration to explore the nature of the relations between
motivational beliefs and aspirations, controlling for achievement during the
post=high school transition.

Motivational Beliefs, Aspirations, and Educational Attainment

Educational attainment contributes significantly in shaping people’s occu-
pational trajectories (Beal & Crockett, 2010; Mello, 2008; Ou & Reynolds,
2008). Tt is well documented that adolescents’ cognitive ability (IQ) and aca-
demic achievement in high school have substantial influence on educational
attainment later on (e.g., university entry and completion; Bowen et al,,
2009; Hauser, 2010; Parker et al., 2012; Sewell & Hauser, 1975; Sewell,
Haller, & Protes, 1969). Further, research and theory posit that 1Q and aca-
demic achievement in high school affect educational attainment and career
success through a causal chain in which agency-based factors and educational
and occupational aspirations each play important intervening roles (Eccles,
1994, 2009; Hauser, 2010; Parker et al., 2012; Schoon, 2008). For example,
Sewell et al. (1969) found the positive causal link between ability and educa-
tional and occupational aspiration, leading to educational attainment based on
Wisconsin Longitudinal Study (see Sewell, Hauser, Springer, & Hauser, 2003,
for a review). Similarly, Schoon (2008) found IQ scores and academic achieve-
ment in high school predicted school motivation, which in turn influences
adults” educational attainment based on a long-term British National Child
Development Study. However, few studies have focused on the directionality
of the associations between these personal cognitive and noncognitive assets
and on how this temporal process finally influences subsequent educational
attainment across the transition into early adulthood.

The Present Investigation

The present study is based on the EVT framework (Eccles, 1994, 2009)
and focuses on the process through which individuals develop personal
qualities, such as abilities, motivation, and aspirations, that subsequently
lead to educational attainment during the transition into early adulthood.
In this study, five waves of data, ranging from high school to five years after
graduation, are used not only to provide a clear picture of the expectancy-
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value development process across the post—high school transition but also
allow for a better understanding of how the temporal associations between
motivational beliefs, achievement, and aspirations in shaping further educa-
tional attainment. Furthermore, this period is an important time for the
development of the individual’s aspirations as they transit from vague aware-
ness of careers to a focused exploration and progressive narrowing of career
options (Dietrich et al., 2012; Savickas, 2002; Super, 1990). This study thus
provides critical insight into the development of aspirations.

Given that motivational beliefs are of particular interest to the present
study, three specific research questions are addressed:

Research Question 1: What role do motivational beliefs play in shaping academic
achievement and subsequent educational attainment?

Research Question 2: What role do motivational beliefs play in shaping educa-
tional and occupational aspirations?

Research Question 3: Taking into account all cognitive and noncognitive assets,
what role do motivational beliefs play in shaping educational attainment?

In the present investigation, the hypothesized predictive model (see
Figure 1) was built on the basis of the EVT framework and empirical
research reviews. Academic self-concept, different components of task
value, 1Q, academic achievement and attainment, and educational and occu-
pational aspirations were all assessed and included in the hypothesized
model in order to provide a comprehensive test of the EVT framework. To
provide a clear picture of the directionality of the associations between moti-
vational beliefs and outcome variables, we started with Models 1 and 2,
which were then extended to Model 3.

More specifically, in Model 1 (Figure 2), motivational beliefs were con-
sidered along with academic achievement and attainment. We hypothesized
the significant reciprocal effects of academic self-concept and intrinsic value
with academic achievement (e.g., Marsh & Craven, 2006; Marsh et al., 2005;
Question 1). In contrast, given a relatively weak relationship between aca-
demic achievement and utility value after controlling self-concept and intrin-
sic value, we did not expect this relationship to be reciprocal. Furthermore,
we also hypothesized that motivational beliefs (academic self-concept and
intrinsic and utility values) would predict subsequent educational attainment
(e.g., Parker et al., 2012, 2013; Question 1). Based on Model 2 (Figure 3), in
which motivational beliefs were considered along with educational and
occupational aspirations, we anticipated that academic self-concept, intrinsic
value, and utility value would positively predict educational and occupa-
tional aspirations over time (e.g., Eccles et al., 1999, 2004; Question 2).
However, it was unclear whether motivational beliefs and aspirations were
reciprocally related during post-school transition, namely, whether aspira-
tions would in turn predict later levels of motivational beliefs. Finally, to
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Figure 1. The hypothesized model.

Note. All variables were given a label that identifies the Time (T1 to T5). Academic achieve-
ments at T1 and T2 were measured by last year GPA at Grades 10 and 11, while achievement
T3 represents current GPA. All aspirational variables were treated as prospective variables fol-
lowing by motivation factors within each time wave. The cross-time associations were spec-
ified as regression paths; prior outcome variables predict subsequent motivation factors and
outcome variables, and then prior motivation factors predict subsequent outcome variables.
Within-time associations between constructs were specified by the inclusion of time-specific
covariance relationships (i.e., attainment is correlated to motivation factors at T4). In motiva-
tion constructs, the residual variances among the corresponding indicators are allowed to cor-
relate over time. Of particular interest are motivational beliefs that are shaded in gray. Squares
indicate the latent construct, while ovals indicate the manifest construct. IQ = intelligent test

scores; ASC = academic self-concept; INV = intrinsic value; UV = utility value.
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Figure 2. Structural path model of the relations between motivational beliefs,
achievement, and attainment (Model 1).

Note. Only statistically significant regression paths (¢ value > 1.96; p < .05) were presented. All
variables were given a label that identifies the Time (T1 to T5). Of particular interest are moti-
vational beliefs that are shaded in gray. ASC = academic self-concept; INV = intrinsic value;

UV = utility value.
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Figure 3. Structural path model of the relations between motivational beliefs and
educational and occupational aspirations.

Note. Only statistically significant regression paths (t value > 1.96; p <.05) were presented. All
variables were given a label that identifies the Time (T1 to T5). Of particular interest are moti-
vational beliefs that are shaded in gray. ASC = academic self-concept; INV = intrinsic value; UV

= utility value.

address Question 3, all cognitive and noncognitive variables were assessed
together in Model 3 (Figure 4). We expected that the relationships between
achievement, aspirations, and attainment would be partially mediated by
motivational beliefs (e.g., Hauser, 2010). We also expected that motivational
beliefs, in particular self-concept, would be significantly related to long-term
educational attainment when controlling for 1Q, achievement, and aspira-
tions in high school (Parker et al., 2012, 2013).

Method

Participants

The data used in the present study come from the Youth in Transition
study (YIT; Bachman & O’Malley, 1977; also see Bachman, 2001, 2002).
The YIT was a five-wave longitudinal follow-up study of a nationally repre-
sentative sample of 10th-grade boys in the U.S. public high schools. A two-
stage sampling procedure was employed; the first stage comprised a random
sample of 87 public high schools; the second comprised around 25 students
selected randomly from each sampled school. In total, five waves of data
were collected between 1966 and 1974: Time 1 (T1, early 10th grade; N =
2,213), Time 2 (T2, late 11th grade; N = 1,886; 15% missing data), Time 3
(T3, late 12th grade; N = 1,799; 19% missing data), Time 4 (T4, one year after
normal high school graduation; N = 1,620; 27% missing data), and Time 5
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Figure 4. Structural path model of the relations between motivational beliefs, 1Q,
achievement, aspirations, and attainment (Model 3).

Note. Only statistically significant regression paths (¢ value > 1.96; p < .05) were presented. All
variables were given a label that identifies the Time (T1 to T5). Of particular interest are moti-
vational beliefs that are shaded in gray. ASC = academic self-concept; INV = intrinsic value;

UV = utility value.

(T5, five years after normal high school graduation; NV = 1,608; 27% missing
data).

Measures

All variables used here are from the publicly available longitudinal data
file from the Youth in Transition study (Bachman, 2001, 2002). It should be
noted that not all observed outcome variables and motivational constructs
are measured across five waves in the Youth in Transition data set (see
Appendix 1 in the online journal for more details). For instance, the measure
of latent constructs of students’ self-concept and task values were available
only for T1, T2, and T4. In addition, the number of items assessing motiva-
tion was not entirely consistent across these three occasions. All motivation
items were coded on Likert scales, and scores used in this study were sys-
tematically recoded so that higher values consistently reflect higher levels
of motivation (see Appendix 1 in the online journal for more detail regarding
latent variables used; see also Bachman, 2001, 2002, for all item wordings
and response frequencies). All outcome variables were standardized (M =
0, SD = 1) to ensure consistent responses scales across time waves.
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Self-Concept

The scale consisted of three items measuring students’ perception of
their competencies in overall school ability, reading ability, and IQ com-
pared with others of their age at T1 and T2 but only two items relative to
reading ability and 1Q at T4 (e.g., “How do you rate in school ability com-
pared to others?”).

Value

The scale of students’ positive school attitude was used to assess the
effect students experienced when studying in school (e.g., “How interesting
are most of your courses to you?”), in line with the notion of intrinsic value
in the modern EVT (Eccles et al., 1983). The wtility value scale that assesses
how important studying hard in school was used (e.g., “Are you studying
hard to get good grades in school?”).

10. 1IQ was measured using the quick test (Ammous & Ammons, 1962) at
T1, an easily administered measure of intelligence based on visual-
perceptual vocabulary performance. For each item, participants are given
a card with four pictures and are asked to select the picture corresponding
to a specific test word. This word-matching test has been found to be highly
correlated with Wechsler Adult Intelligence Scale (WAIS) across diverse pop-
ulations (Mortimer & Bowen, 1999).

Academic Achievement

Students’ academic achievement used in the present study was derived
from their overall grade point average (GPA) on the basis of a single self-
report item at T1 (Grade 10) and T2 (Grade 11)., GPA was collected in an indi-
vidually administered personal interview in which participants were asked to
report their GPA for the previous year, whereas at T3 (Grade 12), the GPA for
the current year was requested in a self-administered questionnaire at T3.
Reported GPA was recorded into 1 of 13 categories from A+ to F (or E), which
also was recorded into numeric values (from 1 to 13, with 13 reflecting the
highest possible grades) for the analysis, and then standardized.

Educational Attainment

Participants were asked a series of questions regarding the level of edu-
cation they had attained or were in the process of attaining. These were used
to construct a composite variable at T4 and T5. In line with recommenda-
tions from previous research (e.g., Bachman & O’'Malley, 1977, 1986;
Marsh & O’Mara, 2008, 2010), items regarding high/vocational school and
college enrollment status are included in this outcome variable.! At T4 the
scale was composed of (1) no high school diploma or other formal
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educational qualifications, (2) currently at high school, (3) completed high
school diploma, (4) currently attending vocational school after high school,
(5) currently undertaking two-year college degree program, and (6) cur-
rently undertaking four-year college degree or university degree program.
At T5, the scale consisted of nine categories and the first four categories
were the same as categories 1 to 4 at T4; (5) graduate of vocational school,
(6) currently undertaking two-year college degree, (7) graduate of two-year
college degree program, (8) currently undertaking four-year college degree
program, and (9) graduate of four-year college degree program. If more than
one category was chosen by participants, only the highest category was used
to represent the highest level of educational attainment.

Educational Aspirations

Participants were asked a series of questions regarding the level of edu-
cation that they hoped to attain. These were used to construct a composite
variable with the response scale ranging from (1) no high school diploma;
plans to drop out of high school to (4) postgraduate or professional school
after college/university.

Occupational Aspirations

A single item was used in all of five waves of data to assess participants’
occupational aspirations (“What sort of work do you think you might do for
a living?”). The responses were then coded on rankings developed by Otis
Duncan (1961) in terms of combination among reputation rating, education
level required, and income (see Bachman, 2002, for further discussion). In
the Duncan occupation scale, 100 indicated the highest occupational aspira-
tions while 1 indicated the lowest.

Analysis
Estimation and Missing Data

Structural equation models (SEMs) used in data analysis were estimated
in Mplus 7 (Muthén & Muthén, 2012). The nesting of the students into
classes was treated as a clustering variable to take into account the non-
independence of the scores for students from the same school. The YIT
weighting variable was applied throughout the data analysis in order to
obtain population estimates (Bachman, O’Malley, & Johnston, 1978). SEMs
were estimated using the Mplus robust maximum likelihood (MLR) estima-
tor, which is robust to the nesting of the students within schools and to
the Likert nature of items including four or more answer categories
(Mplus’s complex design option; Muthén & Muthén, 2012; e.g., Beauducel
& Herzberg, 2000; Distefano & Motl, 2006). The MLR estimator was used
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in conjunction with full information maximum likelihood (FIML) estimation
in order to cope with the inevitable missing data present in longitudinal stud-
ies. In FIML, the parameters of a statistical model are estimated in the pres-
ence of missing data, and all of the information of the observed data is used
to inform the parameters’ values and standard errors. Studies show that FIML
tends to perform as well as more computer-intensive multiple imputation
procedures, even in the presence of elevated rates of missing responses or
time waves (for additional details, see Enders, 2010).

Indirect Effect

Bootstrap confidence intervals with 1,000 bootstrap draws were used
to test the significance of indirect path coefficients (Preacher & Hayes,
2008; Shrout & Bolger, 2002). If the confidence interval excludes zero,
the indirect effect can be considered to be statistically significant. For pres-
ent purposes, we report the 95% confidence interval that corresponds to
the p < .05 alpha level using Mplus 7 (see Muthén & Muthén, 2012).
Specifically, we presented the total indirect effect that is the sum of all of
the indirect pathways by which the predictor exerts its influence on out-
come variables via an indirect pathway through intervening variables.
For example, in Figure 1, the paths from achievement to occupational aspi-
rations via motivational factors at T1 are indirect paths, in which the T1
self-concept and intrinsic and utility value, respectively, mediate the effects
of achievement on occupational aspirations at T1. The total indirect effect
is then the sum of these three indirect effects. For clarity, we only present
statistical significant direct effect based on Models 1 to 3 and indirect effects
based on final Model (i.e., Model 3). Total effects is simply the sum of direct
effect and total indirect effects between two variables (see Appendices 2-4
in the online journal for more details regarding direct, indirect, and total
effects).

Goodness of Fit

In recent applied SEM research, there is a predominant focus on indices
that are sample size independent (Marsh, Wen, & Hau, 2004), such as the
root mean square error of approximation (RMSEA), the Tucker-Lewis
Index (TLD, and the Comparative Fit Index (CFD rather than chi-square tests
of statistical significance because of oversensitivity to sample size and minor
model misspecifications. Values greater than .90 and .95 for TLI and CFI,
respectively, typically are acceptable and provide excellent fit to the data.
RMSEA values of less than .06 and .08, respectively, are considered to reflect
good and acceptable fit to the data.
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Tests of Invariance

In order to ensure that the constructs remained the same across time points,
we tested the longitudinal invariance of the factor loadings. Although additional
tests of invariance are possible, in a model like the one used in the present
study that focuses on only the covariance between constructs, the only real pre-
requisite to valid longitudinal comparisons is the invariance of the factors load-
ings over time (Millsap, 2011). Other more stringent tests would have been nec-
essary in order to support the test of latent mean differences over time or
models based on the use of manifest, rather than latent, scale scores, which
is not the case in the present study. For the comparison of the two models,
the chi-square difference test suffers from more problems than that for single
models (see Marsh, Hau, Balla, & Grayson, 1998). Other fit indices like the
CFI and the RMSEA perform well for judging the adequacy of the invariance
assumption (Morin, Marsh, & Nagengast, 2013). Cheung and Rensvold (2002)
and Chen (2007) suggested that if the change in CFI is not more than .01 and
the RMSEA increases by less than .015 for the more parsimonious model, the
assumption of variance is tenable.

Results

Descriptive and Correlations

Descriptive results for the variables were presented in Table 1. All multi-
item scales demonstrated acceptable internal reliability at all waves of data.
All of the scales are approximately normally distributed.

To examine the factor structure of academic self-concept and task value,
confirmatory factor analysis (CFA) was employed. The configurally invariant
CFA model where no constraints are placed on any of the parameter estimates
fit the data well (see Table 2). Testing for weak measurement invariance
involves constraining each corresponding factor loading to be equal across
time. The change in model fit between the configural and weak models was
negligible (equivalent RMSEAs and CFIs and only slight decreases in TLIs).

Before testing the hypothesized model, intercorrelations among motiva-
tional factors and outcome variables were evaluated across time (see Table
1. These results showed that academic self-concept was significantly corre-
lated with intrinsic (r = .303, p < .001) and utility values (» = .335, p < .001),
while intrinsic value was also significantly correlated with utility value at T1
(r=.497, p < .001). Nonetheless, the pattern of correlations between aca-
demic self-concept and values decreased over time. Self-concept was
more highly correlated with achievement and educational and occupational
aspirations compared to intrinsic value and utility value. At each occasion,
self-concept, academic achievement, and aspirations significantly correlated
with educational attainment at T4 and T5 (r = .339-.565, p < .001), whereas
the pattern of correlations between task value and attainment were less
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Table 2
Model Fit Statistics for the Longitudinal Confirmatory Factor
Analysis (CFA) and Structural Equation Modeling (SEM) Models

Tucker- Root Mean
Comparative Lewis Square Error

Model X df Fit Index Index of Approximation
CFA
Configural 612.187 268 974 966 .024
Factor loading invariance  634.114 278 974 965 .024
SEM
Model 1 (motivation, 1,027.802 415 .966 .959 .026

achievement,

and attainment)
Model 2 (motivation 1,212.002 473 967 961 .027

and educational

and occupational

aspirations)
Model 3 (final 1,388.491 613 967 .960 .024

hypothesized model)

pronounced (r = .078-.238, p < .05, for intrinsic value; » = .154-.260, p < .01,
for utility value at T1 and T2). However, it is noted that the correlation
between utility value at T4 and attainment was not statistically significant.

In relation to SEM, the hypothesized models were found to provide
excellent fit: CFI and TLI were above .95 and RMSEA was less than .027
(see Table 2). The final model (Model 3), in which all cognitive and noncog-
nitive variables were assessed together, respectively, accounted for 40%, 8%,
and 11% of the variance in academic self-concept; intrinsic value and utility
value at T1, 75%, 51%, and 34% at T2 and 67%, 38%, and 47% at T4. The final
model accounted for a large portion of the variance in academic achieve-
ment (50% at T2, 47% at T3), educational attainment (43% at T4, 55% at
Time 5), educational aspirations (36% at T2, 47% at T3), and occupational
aspirations (24% at T1, 48% at T2, 50% at T3, 50% at T4, 16% at T5).
Detailed results from these models are reported in Appendix 2 available in
the online journal. Figures 2 through 4 present the standardized path coef-
ficients for the hypothesized models.

Research Question 1: What Roles Do Motivational Beliefs Play in Shaping
Academic Achievement and Subsequent Educational Attainment?

As can be seen in Figure 2 (Model 1), autoregressive paths of academic
self-concept were extremely stable across time (B = .755-.764, p < .001). The
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patterns of autoregressive paths of intrinsic value (B = .338-.576, p < .001)
and utility value ( = .489-.517, p < .001) are smaller than those of self-con-
cept across time. Similarly, autoregressive stability coefficients relating to the
measures of academic achievement and educational attainment on different
occasions are all significant and positive.

The estimated cross-lagged effects reflect the unique direct effects of
a variable on another variable measured at later time points controlling for
the autoregressive effects, whereby each variable predicts itself over time.
In other words, these cross-lagged paths reflect the relations between one
variable and changes in another variable over time. T1 students’ achieve-
ment (i.e., GPA from the previous year collected at T1) had stronger effects
on T1 self-concept (B = .488, p = .037), intrinsic value (B = .284, p = .033),
and utility value (B = .286, p = .030) compared to T1 IQ scores. In particular,
IQ did not significantly predict intrinsic value. The effect of T2 achievement
(i.e., GPA from the previous year collected at T2) on all of T2 motivational
factors were somewhat weaker compared to the corresponding path coeffi-
cient at T1. However, T3 achievement had a positive and significant effect on
T4 self-concept (B = .091, p = .034) and intrinsic value ( = .128, p = .026) but
not on utility value. The effect of T1 self-concept on subsequent achieve-
ment is statistically significant ( = .268, p = .034) and similar in magnitude
to the cross-time relation between T2 self-concept and T3 achievement (8 =
260, p = .031). Controlling for self-concept, the effects of prior intrinsic value
on subsequent achievement were rather small (§ = .080-.072, p < .05),
whereas corresponding paths relating utility value and achievement were
not statistically significant. Similarly, at T4, self-concept more strongly pre-
dicted T5 educational attainment (f = .217, p = .029) than intrinsic value
(B =.072, p = .026), whereas the path from utility value to educational attain-
ment was not statistically significant. In addition, controlling for motivational
beliefs and prior achievement, the path from IQ to T2 achievement was not
statistically significant.

Research Question 2: What Roles Do Motivational Beliefs Play
in Shaping Educational and Occupational Aspirations?

The results showed that the coefficients of autoregressive paths involv-
ing motivation are similar between Model 1 (see Figure 2) and Model 2 (see
Figure 3). The stability of occupational aspirations decreased after post-
school transition (i.e., T4 and T5; B = .331, p = .026).

As we hypothesized, prior self-concept significantly predicted subse-
quent occupational aspirations (B = .334-.265, p < .05) while the magnitudes
of path coefficients decreased across post-school transition. No paths from
intrinsic value to occupational aspirations were statistically significant,
whereas utility value only has a small and positive effect on occupational
aspirations at T1 (B = .114, p = .031). T2 self-concept, intrinsic value, and
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utility value exerted positive effects on T2 educational aspirations (§ = .295,
p = .011, for self-concept; B = .145, p = .014 for intrinsic value; B = .065, p =
.029, for utility value). However, there was no significant path from occupa-
tional and educational aspirations to subsequent motivational beliefs over
time, except for a somewhat small and negative path from T3 occupational
aspirations to T4 intrinsic value (B = —112, p = .042). In addition, prior
occupational aspirations positively predicted subsequent educational aspira-
tions (B = .3006, p = .021) while the effects of prior educational aspirations on
subsequent occupational aspirations were relatively small ( = .159,

p=.020).

Research Question 3: Taking Into Account All Cognitive
and Noncognitive Assets, What Roles Do Motivational Beliefs
Play in Shaping Individuals’ Educational Attainment?

To explore the complex interplay of motivational beliefs, aspirations,
achievement, and attainment, all of variables were added in the final model
(see Figure 4). Controlling for other variables, the corresponding path coef-
ficients involving motivation are similar across the three models (Models 1, 2,
and 3).

While academic achievement predicted positively subsequent occupa-
tional (B = .093-.134, p < .05) and educational aspirations, occupational
and educational aspirations did not significantly predict subsequent achieve-
ment. Achievement and educational and occupational aspirations at T3 pre-
dicted educational attainment at T4 ( = .239-.324, p < .05). The reciprocal
relations were found between occupational aspirations and educational
attainment (i.e., from attainment to occupational aspirations at T4 and T5,
from T4 occupational aspirations to TS attainment; B = .162-.294, p < .05).

In relation to indirect effect (see Table 3 for the standardized path coef-
ficients), the effects of achievement on occupational aspirations were par-
tially mediated only by self-concept over time, whereas the effects of
achievement on educational aspirations were partially mediated by all three
motivational beliefs (i.e., self-concept, intrinsic value, and utility value). In
addition, T1 and T2 academic self-concept had positive indirect effect on
long-term T5 educational attainment (.288, .264; 95% ClIs [.045, .332], [.210,
319], respectively), which is similar in size to the indirect effects of T1
achievement (last year GPA at T1) on T5 attainment (.276; 95% CI [.1460,
.306]). The magnitudes of these paths were larger than those of IQ (.081,
95% CI [.063, .099]). The paths of T2 and T3 educational aspirations on T5
educational attainment were positive and significant (.129, .227; 95% CIs
[.101, .157], [.188, .260], respectively). Similarly, T1, T2, and T3 occupational
aspirations had significant and positive indirect effects on T5 educational
attainment (.141, .197, .191; 95% CIs [.116, .1606], [.166, .229], [.148, .234],
respectively). Academic achievement and self-concept at T1 and T2 had
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significant and positive, albeit weaker indirect effects on T5 occupational
aspirations, compared to the corresponding indirect effects on T5 academic
achievement. The indirect effects of T1 and T2 intrinsic value on T4 and T5
outcome variables were significant but marginal, whereas the corresponding
effects of utility value were not statistically significant.

Discussion

This is one of the few studies that applied the modern EVT to explore
the longitudinal temporal associations between personal cognitive abilities,
motivational beliefs, and educational/occupational aspirations as well as
the impact of these constructs on educational attainment during the transi-
tion from late adolescence to adulthood over eight years. Our findings sug-
gest that academic self-concept is not only a key determinant of educational
achievement but also a stronger predictor of aspirations when task values
and prior achievement are taken into account. Moreover, motivational
beliefs play a mediating role in the relationship between achievement and
subsequent aspirations. Self-concept and achievement in early high school
were found to contribute more to the prediction of long-term occupational
aspirations and educational attainment than task values and IQ.

Stability of Motivational Beliefs and Achievement

Academic self-concept and task values were stable from T1 to T2 (Grade
10 to Grade 11). However, during the transition period from T2 to T4 (Grade
11 to one year after high school graduation), high stability coefficients were
shown for self-concept and utility value but not for intrinsic value. Koller
etal. (2001) argued that the transition from school to higher education exerts
pressure on students to select and reinforce specific fields of interest while
focusing less on others. Further, the field of experience in college or voca-
tional school broadens substantially, providing competing opportunities
for interest development (Wigfield, Tonks, & Klauda, 2009; discussed in
more detail in the following).

It was interesting to note that individuals’ occupational aspirations stabi-
lized during post-high school transition. However, it was much less stable
from T4 to T5 (five years after normal high school graduation), and during
this period most of participants finished vocational or college study and
entered the labor market. This result was consistent with the motivational
theory of life span development developed by Heckhausen, Wrosch, and
Schulz (2010). They posit action cycles of setting, striving for, and disengag-
ing from developmental goals as recurring cycles throughout an individual’s
life, and the transition from school to work easily triggers goal disengage-
ment (see Dietrich et al., 2012, for a review).
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The Interplay Among Motivational Beliefs, Achievement,
Aspirations, and Attainment

Consistent with previous findings (e.g., Marsh & Craven, 2006; Marsh
et al., 2005), our results provide clear evidence about significant reciprocal
effect between academic self-concept and academic achievement as well
as between intrinsic value and achievement during post-school transition.
The reciprocal effects relating to self-concept are stronger than those relating
to intrinsic value, which was also in line with our expectation of stronger
relationship between academic self-concept and achievement (Marsh
et al., 2005). Furthermore, self-concept and intrinsic value are found to be
predictive of educational attainment, indicating that adolescents who believe
that they are skilled and have higher intrinsic value attached to coursework
are more likely to have high educational attainment.

In addition, one of the unique contributions of the present study is to
examine the temporal process of motivational beliefs and educational and
occupational aspirations across late adolescence to adulthood. In supporting
our expectations, each motivational belief uniquely predicted educational
aspirations after controlling for prior achievement and aspirations.
However, only self-concept was consistently found to predict occupational
aspirations over time. Intrinsic and utility values contributed much less in
the prediction of subsequent aspirations compared to self-concept. This
finding adds to the growing evidence that academic self-concept plays a crit-
ical role in promoting career aspirations (e.g., Nagengast & Marsh, 2012;
Parker et al., 2012; 2013). Tt is important to note that aspirations did not sig-
nificantly predict subsequent motivational beliefs, expect for the negative
effect of T3 (Grade 12) occupational aspirations on T4 intrinsic value. As
noted previously, students’ intrinsic motivations are likely to develop signif-
icantly after high school graduation. One attempt to explain this negative
effect may be the mismatch between knowledge and skills taught in the cur-
riculum and what is expected to fulfill their career goals. Indeed, community
colleges have vocational aspects to the learning curriculum that may thus
more directly reflect students’ interest and career goals, while 4-year
colleges/universities have more general educational requirements, espe-
cially in the first year of curriculum, which may not be directly related to
the interests of students (see Appendix 5 in the online journal for additional
analysis).

Indirect Link Between IQ, Motivational Beliefs, Achievement,
Aspirations, and Attainment

Our results align with prior studies and the EVT (Eccles, 2009; Wang,
2012) in that prior academic achievement predict motivational beliefs, which
in turn influence subsequent occupational and educational aspirations.
Importantly, the current study is one of few studies to examine the long-
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term indirect effect of cognitive and noncognitive assets on educational
attainment over an eight-year span. Academic self-concept has stronger
long-term indirect effects on future educational attainment compared to
task values, which is consistent with our expectation. This finding indicates
that in early high school, students’ academic self-concept has substantial
influence on their future educational attainment. Likewise, self-concept
played a crucial role in shaping future occupational aspirations. However,
the contributions of intrinsic and utility values were relatively small for aspi-
rations and attainment.

In addition, it is worth noting that IQ was included in our hypothesized
model and contributed to the prediction of occupational aspirations and edu-
cational attainment. However, the magnitudes of these indirect effects of 1Q
were substantially smaller than those of T1 achievement (GPA at the end of
Grade 9). This finding is consistent with the prior empirical studies, which
showed that high school grades account for almost all of the association
between IQ and educational attainment (see Hauser, 2010, for a review).

Implication for Theory, Research, and Practice

The results of the present investigation have important implications for the-
ory, research, and practice. Theoretically, by demonstrating the temporal pro-
cess between motivational beliefs, achievement, and aspirations in influencing
long-term educational attainment, the results provide strong support for
modern EVT and extend the substantial evidence that attests to the effect of
expectancy-value on achievement-related behaviors. Additionally, the results
also provide new and additional support to academic self-concept theories stat-
ing that academic self-concept contributes to the prediction of important out-
come variables beyond what can be explained by academic achievement.

With respect to instructional practices, the reciprocal effects of self-
concept and intrinsic value with academic achievement shown in the results
suggest that educators should strive to improve both academic self-concept
and intrinsic value along with achievement in order to produce positive
changes in each of these constructs. For example, teachers can promote stu-
dent motivation by creating a supportive school/classroom environment in
which students feel free to ask questions and interact with instructors
(Urdan & Schoenfelder, 2006; Wang & Degol, 2013; Wang & Eccles, 2012).
The findings also suggest that teachers and parents should pay more atten-
tion to the changes in children’s academic self-concept because stable self-
concept during the high school years appears to play a decisive role in shap-
ing future occupational and educational aspirations and attainment. In the
meta-analysis of self-concept interventions, Haney and Durlak (1998; also
see Huang, 2011) showed that self-concept interventions would lead to
improved academic achievement, consistent with the reciprocal effects
model of the causal ordering of academic self-concept and achievement,
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suggesting that self-enhancement and skill development should be inte-
grated in the intervention programs. In the other meta-analysis of self-
concept interventions, O’Mara, Marsh, Craven, and Debus (2006) noted
that interventions targeting a specific academic self-concept domain and
subsequently measuring that domain were much more effective than those
solely targeting global or skill-based self-concept. They also reported that
attributional feedback, goal feedback, and contingent praise yielded signifi-
cantly higher effects sizes—particularly when coupled with skill training.
This again emphasizes the importance of the reciprocal effects model that
was a central feature of the present investigation.

In addition, the clear evidence about significant associations between
educational attainment and aspirations across time implies that promoting
students’ occupational and educational aspirations is another imperative
issue for educational policymakers and practitioners as these aspirations
also seem to play a major role in shaping the course of individual develop-
ment. Therefore, this study offers new insights into how expectancy-value
motivation and aspirations have profound effects on the lives of students.
We believe that our model, which encompasses the key elements of aca-
demic self-concept and task values, which are the prominent and well-
validated theoretical propositions, is a fruitful vehicle in gaining some
deeper insights into students’ decisions and career paths.

Strengths, Limitations, and Directions for Future Studies

In interpreting the findings, some strengths and weakness of the present
study have to be considered. Despite potential limitations, important design
features of the YIT database were critical in terms of the present investigation
and motivation research more generally. In particular, the YIT is one of few
longitudinal data sets that provides diverse motivational constructs based on
multiple items as well as measures of both cognitive and noncognitive assets,
which all possess strong psychometric properties. Furthermore, YIT is one of
the few studies spanning such a long period while covering the critically
important post-school transition period. These specific characteristics of YIT
enabled us to investigate the directionality of the temporal associations
between these important factors corrected for measurement error and their
role in the prediction of educational attainment across this important develop-
mental period. The multiple wave design further enabled us to test indirect
effects while respecting the assumed temporal ordering of all variables, and
this allowed us to develop a better theoretical understanding of the roles
that motivational beliefs play in shaping aspirations and attainment. To our
knowledge, no other current data set presents all of these characteristics.

Consistent with this perspective, the YIT has been a traditional testing
ground for new and evolving theoretical models in self-concept and motiva-
tion research as well as the central focus of critical debates in relation to
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these constructs (e.g., Bachman & O’Malley, 1986; Brezina, 2010; Marsh,
1990; Marsh & O’Mara, 2008, 2010; Marsh, Scalas, & Nagengast, 2010;
Sullivan, 2011). Thus, for example, the debate about the role of self-concept
in predicting future outcomes between Baumeister and colleagues
(Baumeister, Campbell, Krueger, & Vohs, 2003, 2005) and Marsh and
Craven (2006) hinged on competing interpretations of results based on the
YIT. The resolution of the claims and counterclaims underpinning this
debate (Marsh & O’Mara, 2010) was then based on a subsequent reanalysis
of YIT data, showing that academic self-concept emphasized by Marsh and
Craven (2006) was a critical predictor of long-term academic outcomes,
while self-esteem emphasized by Baumeister and colleagues was not.
Given the importance of this YIT database in motivational and self-concept
research on which the present investigation builds, it is particularly well
suited to test the long-term implications of the juxtaposition of academic
self-concept and academic task values that are at the heart of modern
expectancy-value theory.

Nevertheless, there are also some important limitations to this study. We
note that the sample used in this study only included U.S. boys and was dated
(from the 1960s and 1970s), which leads to conclusions of unknown general-
izability to modern youth, particularly for girls. Indeed, multiple previous
studies have documented significant gender differences in self-concept and
interest development as well as related differences in academic and career tra-
jectories (e.g., Elder, 1999; Koller et al., 2001; Schoon & Polek, 2011). These
observations suggest that future research is needed to test the generalizability
of our results based on similar longitudinal research designs involving newer
and mixed-gender nationally representative samples. Furthermore, future
comparisons of longitudinal studies across different national/international
samples or more diversified populations would be useful for clarifying
whether the current findings are unique to this U.S. sample of male partici-
pants or whether they reflect a generalizable educational and occupational
attainment process. Another limitation of this study is that students’ academic
achievement was assessed based on students’ self-reports, which have previ-
ously been demonstrated to lack accuracy among lower-performing students
(Kuncel, Credé, & Thomas, 2005). Also, the measure of motivational beliefs is
inconsistent across measurement points. Specifically, although motivational
beliefs were found in the present study to play critical roles during the
post-school transition years, these variables were not available at Time 3
(late Grade 12), right before this transition. This makes the comparisons of
pre, versus post, school transition results imprecise, as it is impossible to
clearly assess whether the post-transition tendencies were already present in
Grade 12. Furthermore, only a single indicator was used to assess intrinsic
value at T4. Hence, there is a need for further research incorporating consis-
tent measurement of the expectancy-value motivation and teacher/school-
based academic achievement. Finally, an important direction for further
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research would be to consider the process through which students academi-
cally and socially integrate into their universities, colleges, or institutions. In
doing so, a more nuanced understanding of the development of motivational
beliefs during post-school transition and how this process is impacted by sub-
stantial educational choices would be obtained.

Conclusion

The aims of the present study were to disentangle the complex direc-
tionality of the associations among motivational beliefs, achievement, aspira-
tions, and attainment and to address a critical gap in achievement motivation
research related to the roles of motivational beliefs in associations between
achievement, aspirations, and attainment during late adolescence to early
adulthood. To this end, our study provides clear evidence that academic
self-concept and intrinsic value have reciprocal effects with achievement
over time, and both motivational beliefs also contribute to the prediction
of educational attainment. In relation to aspirations, motivational beliefs par-
tially mediate the relationship between achievement and educational and
occupational aspirations, and self-concept plays a critical role in predicating
aspirations. Finally, academic self-concept and achievement at early high
school showed a stronger long-term effect on educational attainment com-
pared to intrinsic and utility value, IQ, and aspirations. These main findings
have practical implications for educational policymakers and practitioners
seeking to promote individual’s educational attainment.

Notes

This research was funded in part by a grant from the Australian Research Council
(DP130102713) awarded to Herbert W. Marsh, Alexandre J. S. Morin, and Philip D. Parker.

We did additional analyses to address this issue. Another composite variable for T5
educational attainment by removing enrollment status items was created. And we found
the magnitudes of the effect relating other variables to educational attainment did not
change. Hence, consistent with prior research, enrollment status items have still been
kept to measure attainment.
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In the previous study, the complex interplay of general academic motivational beliefs,
aspirations, achievement, and attainment over time from late adolescence into early adulthood
was explored. Study 3 focused instead on domain-specific ASC, intrinsic value, and utility
value in relation to math in particular. This study examines the impact of these factors,
together with that of individual characteristics (gender and SES), prior academic achievement,
and high school achievement-related behaviours (math advanced math course selection and
matriculation results), on university and STEM educational pathways selections during post-
high school transition. This study, therefore, provided a more nuanced understanding of
individual and gender differences in choices of educational pathways in relation to
mathematics.

Study 3 makes several important contributions to the literature. First, it is one of the
first studies to examine longitudinal predictions of ASC, task values, and their interactions on
educational outcomes, providing support for the theoretical assumption of classical EVT that
ASC and task values interact in predicting educational outcomes. Second, study 3 integrated
another critical theoretical model of ASC — the I/E model with its extension to DCT — into
EVT, and examined how math, reading, and science achievement predicted math motivational
beliefs. Importantly, study 3 extended both the I/E model and DCT, by finding evidence that
students’ internal comparison processes influence subsequent educational choices. Finally,
study 3 explored the effects of gender and social stratification on university entry and STEM
major selections. More specifically, this study extended study 1 and examined the long-term
effects of gender and SES on the postsecondary educational choices through motivational
beliefs. The role of gender and SES as moderators of motivational beliefs on choice

behaviours was also explored in this study.
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Abstract
Drawing on the expectancy-value model, the present study explored individual and gender
differences in university entry and selection of educational pathway (e.g., Science,
Technology, Engineering, and Mathematics [STEM] course selection). In particular, we
examined the multiplicative effects of expectancy and task values on educational outcomes
during the transition into early adulthood. Participants were from a nationally representative
longitudinal sample of 15-year-old Australian youths [N = 10,370]. The results suggest that
(a) both math self-concept and intrinsic value interact in predicting advanced math course
selection, matriculation results, entrance into university, and STEM fields of study; (b) prior
reading achievement has negative effects on advanced math course selection and STEM
fields through math motivational beliefs; (c) gender differences in educational outcomes are
mediated by gender differences in motivational beliefs and prior academic achievement,
while the processes underlying choice of educational pathway were similar for males and
females.

Keywords: self-concept, expectancy-value, gender, STEM major, university entry
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Achievement, motivation, and educational choices: A longitudinal study of expectancy and

value using a multiplicative perspective

High-skilled professions often require university training, particularly in the STEM-
related fields (science, technology, engineering and mathematics) which are critical for
industrialized countries seeking to recover from the global financial crisis (International
Monetary Fund, 2010; OECD, 2010). Unfortunately, in Western countries, many students
who have the requisite ability do not pursue university education (Bowen, Chingos, &

McPherson, 2009), and the proportion of students taking advanced math and science courses

in senior high school and subsequently pursuing STEM pathways has declined in Australia
(Lyons & Quinn, 2010) and elsewhere (see review by Bae, Henriksen, Lyons & Schreiner,
2011). While females have made great strides in university enrollment parity with males and
are even better represented than males in undergraduate degrees (OECD, 2010; Parker et al.,
2012; Parker, Marsh, Ciarrochi, Marshall, & Abduljabbar, 2014; Parker, Nagy, Trautwein, &
Liidtke, 2014; SchoonSchoon & Polek, 2011), they are still substantially underrepresented in
many STEM fields (Bee et al., 2011).

Drawing upon Expectancy-Value Theory (EVT; Atkinson, 1957; Eccles, 2009, 2011;
Eccles, et al., 1983), a lot of studies have been dedicated to the identification of factors that
contribute to gender imbalance in the pursuit of educational pathways (e.g., Guo, Marsh,
Parker, Morin, & Yeung, 2015; Watt, et al., 2012; Watt, Eccles, & Durik, 2006). Given that
academic engagement and aspirations in high school are highly associated with educational
career of the youth (Bowen et al., 2009; Hauser, 2010; Kimmel, Miller, & Eccles, 2012),
much attention has been given to the interplay between academic achievement, math self-
concept (expectancy), and task value in predicting high-school coursework choices and

educational and occupational aspirations (e.g., Simpkins, Davis-Kean & Eccles, 2006; Wang,
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2012; Watt et al., 2006, 2012). However, relatively little EVT research has been devoted to
the post-high school transition, which represents a critical point in decision making about
pathways to university and the STEM fields of study (but see Guo, Marsh, Morin, Parker, &
Kaur, 2015; Parker et al., 2012; Parker, Nagy, et al., 2014). In the present study, we adopt a
holistic view and use the EVT framework to comprehensively test the longitudinal
relationships among students’ prior achievement (i.e., reading, math, and science), and
motivational beliefs (i.e., academic self-concept, intrinsic value, and utility value), in
predicting two educational pathways — (a) high school math course selection and STEM
major choices and (b) matriculation results and entry into university) — across the transition
from high school (15-year-olds) into early adulthood (25-year-olds). More specifically, we
mainly focus on the multiplicative effect of self-concept and task value, which was the
critical feature of classical EVT (Atkinson, 1957) but which has been less researched for
several decades. Furthermore, we examine how the internal comparison process
(Internal/External Frame of Reference Model [I/E model]; Marsh, 1986, 2007) — where
students contrast their own performance in one particular school subject against their
performance in other school subjects — influences motivational beliefs and subsequent
educational choices. Finally, we explore the gendered motivational process, thus providing
insight into gender differences in the decision-making processes underlying educational

pathway selections.

Expectancy Value Theory
Modern EVT (Eccles, 2009; Eccles, et al., 1983) is one of the major frameworks for
achievement motivation and was developed to explain students’ effort, choices and
achievement in relation to academic and non-academic domains (e.g., sports, music, and

social activities; Eccles & Wigfield, 2002). Modern EVT (Eccles, 2009, 2011) posits that
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achievement-related outcomes like university entry and STEM pathways are composed of a
series of achievement-related performances and choices in adolescence, which are directly
influenced by domain-specific expectancies for success (i.e., academic self-concept,
competence beliefs, etc.) and subjective task value. Put simply, expectancies represent beliefs
by young people that they have the capacity to succeed within a given post-school pathway,
while task value represents evaluations by young people about the potential costs and benefits
that are associated with that pathway (Eccles, 2011). These motivational beliefs are
influenced by previous achievement-related experiences (e.g., domain-specific academic
achievement) and individual characteristics (e.g., gender-role stereotyped socialization and
family socioeconomic status [SES]). Thus, individual characteristics and previous academic
achievement shape the development of task-related expectancies and value beliefs, which in
turn influence academic performance and coursework selection in high school and
postsecondary educational and career choices (see Figure 1 for the conceptual model; also see
Wang & Degol, 2013, for a review).

Expectancies for success is conceptualized as the task-specific beliefs about the
possibility of experiencing future success in that task, which is directly linked to ability self-
concept in a specific academic domain. Empirically, however, the two constructs (i.e.,
expectancies and self-concept) are indistinguishable (Eccles, 2009; Eccles & Wigfield, 2002).
For this reason, academic self-concept has typically been used as a measure of the
expectancies of success in empirical research (e.g., Simpkins, Fredricks & Eccles, 2012;
Wang & Eccles, 2013). Also, subjective task value is known to be domain specific and is
defined in terms of multiple components (Eccles & Wigfield, 2002). In the current study, we
focus on two value components in the domain of math: intrinsic value, which refers to the

enjoyment a person gains from performing an activity (in line with intrinsic motivation and
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interest), and utility value, which relates to how a specific task fits an individual’s future

plans and objectives.

Relations Between Achievement, Motivational Beliefs and Choices

According to modern EVT (Eccles, 2009, 2011), achievement-related choices are
influenced by a relative intra-individual hierarchy of self-concept and subjective task value
across the set of perceived options. When individuals select the activities they want to pursue
and make choices, domain comparisons within individuals are triggered (Eccles, 2009, 2011).
All such behavioral choices are assumed to be associated with costs as one choice often
eliminates other options (following an ipsative process; Eccles, 2009; Eccles & Wigfield,
2002). Also, Eccles (2009) states that students’ relative self-concept is formed as a function
of comparing their performance with those of their peers (i.e., external comparison) and with
their own performance across domains (i.e., internal comparison). These two types of
comparisons have been explicated in the I/E model (Marsh, 1986, 2007). Specifically,
internal comparison is an ipsative process, such that achievement in one subject domain has a
negative effect on self-concept in another domain (Marsh, 2007) after controlling for
achievement in the matching domain. The internal comparison process for self-concept and
achievement between math and verbal domains has been widely supported by cross-cultural,
longitudinal and experimental studies (e.g., Marsh, 2007; Méller, Pohlmann, Koller, & Marsh,
2009). Xu (2010) incorporated task value into the I/E model and found I/E-like patterns for
self-concept and intrinsic value, but they were much weaker for attainment value and utility
value. In addition, Nagy et al. (2006, also see Nagy et al., 2008) integrated notions of
ipsative-like processes from EVT and the I/E model in a study of advanced coursework
selection. Consistent with EVT, prior achievement predicted self-concept and interest, which

in turn influenced coursework selection. Also, consistent with the I/E model, domain-specific
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self-concept and interest were positively related to achievement and course choices in the
same domain, but negatively related to achievement and course choices in the other domain.

More recently, Moller and Marsh (2013) extended the I/E model into Dimensional
Comparison Theory, and posited strong negative cross-subject effects of achievement on self-
concept only for contrasting domains at opposite ends of the math-verbal continuum of
academic self-concept (e.g., math & science versus reading) but much weaker negative or
even positive assimilation effects for similar or complementary domains (near domains; e.g.,
math and science; also see Jansen, Schroeders, Liidtke, & Marsh, 2015; Marsh et al., 2014).
Recently, Marsh et al. (2015) considered math/science-like subjects (i.e., biology, physics,
and math) as near domain and found positive cross-subject effects of achievement on self-
concept in these three domains controlling for matching achievement. However, there is
insufficient research on the generalizability of the internal comparison process to different
components of task value, particularly between the math and science domains, and how this
comparison process influences subsequent educational choices (Moller & Marsh, 2013).

In relation to math course selection, there is strong evidence that math self-concept
and task values are important predictors over and above prior math achievement (Parker et al.,
2012; Simpkins et al., 2006, 2012; Wang, 2012; Watt, et al., 2006, 2012). Although modern
EVT (Eccles, 2009) emphasizes that different value components should play differential roles
in influencing educational choices, very few studies have considered multiple task value
together with self-concept to examine their prediction of math participation (for exceptions,
see Eccles, Barber, & Jozefowicz, 1999; Watt et al., 2012). For example, Eccles et al. (1999)
found that utility value had stronger predictive power than intrinsic value and self-concept,
suggesting that student might weight the usefulness of math for their future plan heavily in
making their choices whether to take an advance math course. Also, a recent cross-cultural

research found that math self-concept was more related to math achievement, whereas
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intrinsic and utility values were more related to math coursework selection (Marsh,
Abduljabbar, et al., 2013). In addition, most EVT studies have focused on the unique
contributions of self-concept and task value (i.e., examining the effect of value controlling for
self-concept; or including either self-concept or one value component at one time in the
regression model) on achievement-related choices. However, recent research found that self-
concept appeared to interact with task value in predicting educational outcomes (Nagengast
et al., 2011; Trautwein et al., 2012; see further discussion below).

In relation to educational choices during the post-high school transition, it has been
well documented that general high-stakes achievement (i.e., final school year matriculation
results) is an important precursor of educational attainment, such as university entry and
long-term occupational and socio-economic attainment, but not of STEM major selection
during post-school transition (Bowen et al., 2009; Hauser, 2010; Wang & Dogel, 2013).
Although high school achievement, motivational beliefs, and math course selection have been
shown to significantly predict educational and career aspirations related to math (e.g., Watt et
al., 2012; Wang, 2012), still little is known about how these high school predictors influence

subsequent STEM major taking during the post-school transition.

Multiplicative Relation Between Self-Concept and Task Values

EVT had its origins in an early cognitive model (i.e., the risk-taking model of
achievement motivation; Atkinson, 1957), superseding earlier behaviorist models of animal
behavior. A core assumption of the original EVT (Atkinson, 1957) was the multiplicative
combination of expectancies of success and subjective task value (i.e., expectancy by value
interaction; also see Feather, 1982 for a review). The multiplicative relation between
expectancy and value implies a synergistic relation - high expectancy alone is not sufficient
to motivate behaviors. Rather, to choose an advanced math course, students not only need to

think that they are good at math but also need to value it highly. Although Eccles (2009)
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believes that “the motivational power of ability self concepts to influence task choice is, at
least partially, determined by the value individuals attach to engaging in the domain” (p.84),
in modern EVT (Eccles et al., 1983; Eccles, 2009) the relation between expectancies and task
value is often implicitly assumed to be additive rather than multiplicative in predicting
educational outcomes (also see Nagengast et al., 2011). Additive relation suggests that
expectancy and task value uniquely and independently predict achievement-related outcomes.
However, multiplicative relations suggest that the relation between self-concept (expectancy)
and outcomes depends on the extent to which an individual values a given domain and vice
versa.

Thus, the proposition of a multiplicative relation between expectancy and task value
has important theoretical and practical implications for researchers in applied motivation. For
example, tackling either self-related belief in isolation is unlikely to be an effective way to
promote students’ engagement with the subject domain.

Researchers have argued that this is due to methodological limitations in detecting
multiplicative effects between latent constructs in non-experimental studies, rather than to
any defined theoretical position favoring additive relationship (Nagengast et al., 2011;
Nagengast, Trautwein, Kelava & Liidtke, 2013; Trautwein et al., 2012). Indeed, classic
approaches to interaction effects, in the context of multiple regression, rely on product terms
of manifest variables that are not corrected for measurement error (thus multiplying error),
considerably limiting the ability to detect interactions (Dimitruk, Schermelleh-Engel, Kelava
& Moosbrugger, 2007; see Marsh, Hau, Wen, Nagengast, & Morin, 2013 for further
discussion).

Recently, two empirical studies have used Structural Equation Models (SEMs) with
latent interactions corrected for measurement error, providing important evidence for a

multiplicative relation of self-concept and task value in predicting achievement-related
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behaviors (Nagengast et al., 2011; Trauwein et al., 2012). Nagengast et al. (2011) conducted
a strong cross-national test using the Programme for International Student Assessment (PISA)
2006 data, demonstrating significant multiplicative effects of science self-concept and
intrinsic value across 57 countries, both on engagement in science activities and intention to
pursue scientific careers. Trautwein et al. (2012) also revealed, based on a large sample of
German high school students, that the multiplicative terms self-concept and four
subcomponents of value beliefs (attainment, intrinsic value, utility value, and cost) had
positive effects on English and mathematics achievement. However, an important limitation
of these studies is their reliance on a single wave of data. Longitudinal studies would allow us
to draw stronger conclusion about directional influences of self-concept and task value and
the importance of their interactions. Thus, the present study is unique in that it draws on a
longitudinal national sample to explore the interactive role of self-concept and task value in

the process leading to entry into university and STEM fields of study.

Gender Effects

According to modern EVT (Eccles, 2009), gendered socialization experiences
influence individuals’ motivated achievement-related choices through the relation of the
hierarchy associated with individuals’ domain-specific self-concepts and subjective task
values. Although growing evidence in cross-national meta-analyses showed gender
similarities in math achievement (Else-Quest, Hyde, & Linn, 2012; Lindbery, Hyde, Petersen,
& Linn, 2012), female adolescents had lower self-concept in math compared with male
adolescents (Marsh, Abduljabbar, et al., 2013; Marsh & Hau, 2007; Parker et al., 2012,
Parker, Marsh, et al., 2014). However, there was no gender difference in math task value
when treated as a single, general value scale (Jacobs et al., 2002; Wang, 2012; Wang &
Eccles, 2012; see Gaspard et al., 2014 more discuss). Nevertheless, researchers

differentiating components of task value (intrinsic vs. utility value) have shown that male
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adolescents have higher interest in math and perceived math as more useful than female
adolescents (e.g., Eccles et al., 1999; Gaspard et al., 2014; Marsh, Abduljabbar, et al., 2013;
Updegraff, Eccles, Barber, & O’Brien, 1996). Importantly, their differences in motivational
beliefs predict disproportionate gendered enrollment in math courses (Eccles et al., 1999;
Nagy, et al., 2006, 2008; Wang, 2012; Watt et al., 2012) and subsequent math-intensive
major selection in university (Parker et al., 2012, Parker, Nagy, et al., 2014).

Furthermore, to better understand gendered processes underlying choice of
educational pathway, Eccles (2009) suggests that research should focus on gender differences,
not only in mean-level of motivational beliefs and educational choices, but also in the
relationships between these constructs. However, on the basis of EVT, the extant research
investigating gender as a moderator has been limited and has yielded mixed evidence (e.g.,
Simpkins et al., 2012; Wang, 2012; Watt, et al., 2012). For example, based on a multi-cohort
study using data from Australia, Canada and USA, math utility value was found to be a
stronger unique predictor of female adolescents’ math-related career choices compared to
math self-concept and intrinsic value (Watt et al, 2012). In contrast, Wang (2012) found that
the relations between math self-concept and task value, and math-related career aspirations
and math course taken are invariant across gender based on U.S. high school students. Taken
together, it is pivotal to integrate both types of gender effects to gain a better understanding

of gender differences in decision-making process leading to different educational pathways.

The Present Investigation

Drawing on EVT (Eccles, 2009), this study aims to examine a development model
describing the gendered process through which 15-year-old students’ prior achievement
(reading, math and science) and motivational beliefs (self-concept, intrinsic value and utility
value) influence math course selection at Grade 11 and 12, high-stakes achievement (i.e.,

Tertiary Entrance Rank [TER]; final school year matriculation results); subsequent STEM
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fields of study; and university entry during transition into early adulthood. The underlying
conceptual model is presented in Figure 1. These relationships are tested using data from a
10-year longitudinal follow-up of a large nationally representative sample of Australian youth.
Specifically, we attempted to fill a gap in the literature on the motivation pathways to
educational choices during the critical transition point with respect to three deficiencies. First,
little longitudinal research has explored the interactive role of self-concept and task value on
long-term educational outcomes. Second, few studies have investigated internal comparison
processes between multidimensional achievement and motivational constructs and how these
internal comparison processes influence educational choices. Third, attempts to
systematically examine whether the gendered relationships among academic achievement,
motivational beliefs, and long-term educational outcomes are lacking.

It should be noted that although the hypothesized model depicts paths leading for
prior achievement to motivational construct and subsequent educational outcomes, we do not
make assumptions about the directions of causal relations among these constructs in the
context of the current research. Our main research hypotheses were as follows:

Hypothesis 1: Of central importance to the investigation, we hypothesized that self-
concept, task value and their interaction would positively predict TER scores and math
course selection (e.g., Nagengast et al., 2011; Trautwein, et al., 2012), which would be
respectively associated with a greater likelihood of entering university (e.g., Hauser, 2010)
and undertaking a STEM major (e.g., Parker et al., 2012, Parker, Marsh, et al., 2014).

Hypothesis 2: Prior domain-specific achievement would influence educational
achievement and choices, directly or indirectly, through math self-concept and task value
(e.g., Nagy et al., 2006, 2008; Parker et al., 2012). More specifically, according to the internal
comparison process posited in I/E model (Marsh, 2007) and Dimensional Comparison

Theory (Mdller and Marsh, 2013), it is expected that prior reading achievement would
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negatively predict motivational beliefs and choices related to math, while prior science and
math achievement would positively predict math-related motivational beliefs and choices.
Nonetheless, domain-specific achievement scores would positively predict general (non-
domain-specific) high-stakes TER scores.

Hypothesis 3: In relation to the effect of gender, we expect the predictive effect of
gender in educational outcomes would in part be mediated through motivational beliefs (e.g.,
Eccles et al., 1999; Parker et al., 2012; Schoon & Polek, 2011). Further, given the absence of
strong theoretical or empirical evidence regarding the extent to which the proposed relations
vary by gender, we explore whether the effects of EVT predictors on educational outcomes
differ as a function of gender.

In the present investigation, we reintroduce a longstanding substantively important
issue—the omission of multiplicative relationships between expectancy and task value—and
extend the integration of substantive theories (i.e., EVT and DCT models). To tackle these
complex issues, we apply strong and evolving methodological approaches to create more
appropriate tests of latent-variable models of the direct and indirect effects of continuous and
dichotomous outcomes. Thus, our study is a substantive-methodological synergy (Marsh &
Hau, 2007), using advanced statistical methodology to address substantive issues with

important theoretical and practical implications for researchers in applied motivation.

Method

Participants

The data used in the present study came from the 2003 cohort of the Longitudinal
Study of Australian Youth (LSAY03) extension of PISA 2003 (PISA2003). The LSAY03
was a multi-wave longitudinal follow-up study with a nationally representative sample of 15-

year-old students in Australia secondary schools (N = 10370). At the initial survey wave,
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integrated with PISA2003, a two-stage sampling procedure was employed. The first stage
comprised a sample of 314 schools selected from a complete list of schools, with
probabilities proportional to their size, and then an average of roughly 33 students were
elected randomly from each of the selected schools. As a result of this selection process, the
majority of the sample was in the first year of upper high school in Australia (Year 10, N =
7,378, 71.1%), followed by Year 11 students (N = 2,105, 30.3%) and Year 9 students (N =
868, 8.4%). The sample comprised nearly equal numbers of females (N = 5,149) and males
(N=5,221). These participants were then surveyed each subsequent year, for the ten years

following 2003.

Measures

Although academic achievement in reading, mathematics, and science were assessed
in PISA2003, only math-related motivation items were included in the questionnaire (see
OECD, 2005). All motivation items were coded on a Likert scale, with 1 indicating that the
participants strongly agree and 4 indicating strongly disagree. However, for the present
purposes, responses were reverse-scored, so that higher values represent more favorable
responses and thus higher levels of motivation (see Appendix 1 in the Supplemental
Materials for more detail regarding the items used and the scale-score reliability estimates).

Math self-concept. Mathematics self-concept in the PISA2003 database was
measured with five items (e.g., “I learn Mathematics quickly.”). These items were partly
based on the Academic Self-Description Questionnaire-1I (Marsh, 1990, 1993).

Math intrinsic value. Four items were used to assess the affect students experienced
when participating in mathematics-related activities (e.g., “I am interested in the things I
learn in mathematics”).

Math utility value. In line with the notion of utility value in the modern EVT (Eccles,

et al., 1983), four items were used to assess how well mathematics learning relates to current
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and future goals (e.g., “Learning mathematics is worthwhile for me because it will improve
my career”).

Academic achievement. Participants’ academic abilities were measured by academic
achievement test items, a combination of multiple choice and written tasks in pencil and
paper format. To prevent biased population estimates, the PISA2003 measured reading,
mathematics, and science abilities using five plausible values for each subject (with a mean
of 500, standard deviation of 100). Hence, in the current study, to be able to correct the
measurement error appropriately, these sets of plausible values were used to measure
students’ achievement (see OECD, 2005).

High school mathematics course selection. Participants were asked to report the
level of mathematics class they had taken or were taking in Grade 11 and Grade 12, when
Math coursework is no longer a compulsory subject and Math courses are designed according
to course demand and difficulty. We treated the response of math course selection as a
continuous variable, ranging from (1) “no math course”, (2) “basic math course” (i.e.,
Essential Mathematics), (3) “general math course” (i.e., General Mathematics), (4) “medium
math course” (i.e., Mathematical Method), to (5) “advanced math course” (i.e., Specialist
Mathematics). A higher value on these items indicates that students took a more complex
math course in senior high school. If more than one category was chosen by participants, the
more complex math class was coded.

Postsecondary STEM major selection. Participants were asked whether they were
studying in a STEM major at the tertiary level. This dichotomous item was only available at
Wave 5 (2 year post-secondary education), when participants were 19 years old. Those
studying in a STEM major were coded as 1, while those who were not were coded as 0.

Tertiary entrance rank (TER). The TER was a tertiary entrance score, consisting of

standardized tests and school-based assessment. These ranks were awarded to students at
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Year 12 (average age 17), the final year of high school, and were the primary metric on
which university and university course placement were determined in Australian universities.
This item was collected from Wave 3 to Wave 6, in which each participant only has one TER
score. TER was measured by a combination of school-based achievement and state-wide
standardized testing, with a 100-point scale in all states except Queensland (100 being the
highest possible TER rank). However, a 25-point scale instead was used in Queensland, with
1 being the highest possible TER rank (see Marks, McMillan, & Hillman, 2001, for more
details). For the present purposes, the TER scores in Queensland were reversed, and all the
TER scores were standardized (z-scored) within each state.

University entry. Participants were asked if they were studying or had studied in
university since Wave 1. This item had been updated at the following wave. Those who
entered university study at any stage from 2003 to 2012 were coded 1, whereas those who
had never entered university prior to 2012 were coded 0.

Covariates. Gender (0 = male, 1 = female), and SES (Economic, Social and Cultural
Index [ESCS]; see OECD, 2005) were treated as covariates, in which the effect on all
variables was freely estimated. Specifically, the ESCS was created on the basis of the
variables relating to family background, including the highest occupational status of parents,
the highest educational level, and an estimate related to household possessions. Furthermore,
given that the PISA samples are age-based, grade level (hereafter “year”) differed across
participants and was found to be significantly associated with motivational beliefs and
educational outcomes in the PISA data (Parker, Marsh, et al., 2014). Therefore, the year was

also included as a covariate in our hypothesized model.

Data Analysis
Missing data. The amount of missing data for motivational items and academic

achievement at Time 1 was small (ranging from .6% to 1.4% per item). Since the LSAY03
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data cover a ten-year period and include post-high school transition, the sample attrition rate
was relatively large, particularly for postschool outcomes, which typically were estimated
several years after the initial time wave (14.8% for Mathematics course selection; 26.5% for
university entry; 28.2% for TER scores; 34.8% for STEM major selection). In the present
study, missing data were handled using multiple imputation, which has been shown to be
robust to departures from normality assumptions and to provide adequate results even for
high rates of missing data (Graham, Cumsille, & Elek-Fisk, 2003; Schafer & Graham, 2002).
Given that participants who come from more disadvantaged SES backgrounds or have lower
self-beliefs are much more likely to drop out of the study (see Parker, Marsh, et al., 2014),
the items pertaining to demographic background and motivational beliefs were all included as
auxiliary variables in multiple imputations.' To fully account for the plausible values of
academic achievement, two sets of missing data imputations were created for each plausible
value, meaning that in total, ten imputations were created for the analysis, using the R
package Amelia II (Honaker, King, & Blackwell, 2011). All categorical variables (e.g.,
STEM and University entry) were treated as nominal variables in multiple imputation process.
All data analyses were run separately, and the results were aggregated appropriately in order
to obtain unbiased estimates (Rubin, 1987).

Estimator. Structural equation modeling (SEM) with Mplus 7.11 (Muthén & Muthén,
2008 —2013) was used to examine the hypothesized relations among latent constructs and
outcome variables. In the present study, three latent constructs were measured: math self-
concept, intrinsic value, and utility value. In relation to estimator, robust maximum likelihood
(MLR) with the LINK = PROBIT option was used. The relationships between covariates,

prior academic achievement, motivational constructs, math high school course selection and

! Supplemental analysis: we created an attrition group variable coded one for participants who left the study
during the post-secondary school transition and zero otherwise. We used t-tests to examine mean differences by
two groups (attrition group vs the group with full data) in SES and motivational beliefs. The results revealed

that compared to the group with full data, attrition group was lower on SES (.40 SD), math self-concept (.51 SD),
intrinsic value (.39 SD) and utility value (.38 SD).
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TER were estimated by MLR, while probit regression was used to estimate the relations to
binary outcomes—university entry and STEM major selection.

To allow for probit regression coefficients to be interpreted in a more intuitive manner,
these coefficients were converted to probability value according to the instruction presented
in the Mplus User’s Guide (Muthén & Muthén, 1998-2013, p.492). The probability
differences presented in Figure 2 indicated that the likelihood of entering university or
choosing a STEM major, with changes of one SD increase in the continuous predictor
variable, when all other continuous independent variables were held at their mean and
discrete independent variable (i.e., gender) was set to its mode value. For gender, a positive
probability value indicated a higher probability to enter university and STEM fields of study
in favor of females (also see Wang, 2013, p. 24 for more discuss).

Analysis plan. To address the research questions, we began with a SEM based on the
conceptual model (Figure 1) but excluded latent interactions. The indirect and total effects
were assessed using the MODEL CONSTRAINT command, where the delta method was
utilized to estimate the standard errors of indirect effects (MacKinnon, 2008). After
examining direct and indirect relations, latent interactions between math self-concept and
task values were incorporated into the path model using the latent moderated structural (LMS)
equations approach (Klein & Moosbrugger, 2000). The advantage of the LMS approach is
that it corrects for measurement error of latent constructs and provides unbiased estimates of
latent interaction effects. Further, LMS represents the nonnormal distribution as a mixture of
conditionally normal distributions; thus, separate indicators of the product terms are not
required (Kelava et al., 2011).

The LSAYO03 database has a nested data structure in which students are nested within
schools. To account for this nested structure, we used the TYPE = COMPLEX option in

Mplus to adjust the standard errors. In relation to fit indices, the comparative fit index (CFI),
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the root-mean-square error of approximation (RMSEA) and the Tucker-Lewis Index (TLI)
were used to determine model fit. Values greater than .95 and .90 for CFI and TLI typically
indicate excellent and acceptable fits respectively, to the data. RMSEA values of less than .06
and .08 are considered to reflect good and acceptable statistical fits, respectively, to the data
(Marsh, Hau, & Grayson, 2005).

To explore whether the hypothesized relations in the final model vary as a function of
gender, we conducted a multi-group comparison analysis in SEM (Bollen, 1989) and tested a
series of increasingly stringent invariance constraints on the parameters of measurement and
structural model, in which little or no change in goodness of fit supported invariance of the
factor structure (Millsap, 2011, see Appendix 3 in the Supplemental Materials for more
detail).

In order to enhance the interpretation of the results, we standardized (z-scored) all the
variables to be Mean (M) = 0, Standard Deviation (SD) = 1, except for the dichotomous

variables (see Raudenbush & Bryk, 2002).

Results
A Confirmatory Factor Analysis (CFA) was employed to examine the factor structure
of math self-concept and task values. The measurement model provided an adequate fit (CFA

model: y*(42)=1523.437, df = 62, CFI=.977, TLI = .971, RMSEA = .048). Latent

correlations indicated that math self-concept was moderately correlated with utility value (»
=.49) and somewhat more highly correlated with intrinsic value (» = .70), while the
correlation between intrinsic value and utility value was .59. Further, supporting the construct
validity of motivational beliefs, math self-concept, and task values were all more highly
correlated with achievement in math than in reading and science. Compared to task values,

math self-concept was more strongly correlated with academic achievement, math course

99



Chapter 6: Study3 100

MULTIPLICATIVE PERSPECTIVE ON EXPECTANCY AND VALUE 19

selection and TER. Gender differences in math motivational beliefs and math course
selection favoring males were moderate in size, whilst males were favored to a small extent
in math achievement. However, females scored substantially higher in reading achievement
and TER than males. Females were more likely to attend university but opted out of
advanced math courses and further STEM majors (see Appendices 2—3 of the Supplemental
Materials for the full correlation matrix and more details about gender difference).

To explore direct and indirect relationships between domain-specific academic
achievement, motivational factors, TER, and educational choices, the SEM model was
analyzed, based on the whole sample. The model accounted for 53.1%, 22.4%, 40.7% and
27.5% of the variance in university entry, STEM major selection, TER, and high school math
course selection respectively. The model also explained 25.4%, 10.2% and 10.4% of the
variance in math self-concept, intrinsic value, and utility value respectively. The standardized
path coefficients of direct, indirect, and total effects are presented in Tables 1 and 2.
Probability differences for statistically significant direct effect on university entry and STEM

major selection are also included.

Effects of Prior Achievement on Motivational Beliefs and Educational Qutcomes
Consistent with our hypotheses, three achievements (math, reading, and science) were
all statistically significantly associated with motivational beliefs. Specifically, math and
science achievement were each positively associated with math self-concept and intrinsic and
utility values, although the effect sizes relating to science achievement were relatively small.
Nevertheless, reading achievement was negatively associated with math motivational beliefs.
Only math achievement significantly positively predicted math course selection, and there
were no significant direct effects of prior achievement on STEM major selection. All three
achievements were positively associated with TER, whereas math and reading achievement

were significant predictors of university entry. In terms of probability difference, the results



Chapter 6: Study3 101

MULTIPLICATIVE PERSPECTIVE ON EXPECTANCY AND VALUE 20

revealed that 1 standard deviation increase from the mean in math and reading scores led
to .04 and .06 increases, respectively, in the probability of entering university.

In addition, motivational beliefs fully mediated the relationships between reading and
science achievements and selections of math course and STEM major. Specifically, reading
achievement had negative indirect effects on math course and STEM major selections,
whereas science slightly positively predicted these outcomes. Similarly, reading achievement
exerted negative indirect effects on TER via math motivational beliefs but was offset by the
positive corresponding direct effect. Math achievement indirectly and positively predicted all

educational outcomes.

Effects of Motivational Beliefs on Educational Outcomes

Math self-concept, intrinsic value, and utility value positively predicted math course
selection in high school, whereas only math intrinsic value and utility value had positive
direct effects on STEM major selection. As stated previously, in probability terms, 1 standard
deviation increase from the mean in math intrinsic value and utility value led to similar
probability increases (.04 and .06 respectively) of selecting a STEM major. The relationship
between math self-concept and STEM major selection was fully mediated by math course
selection. Although math self-concept and intrinsic value were significant predictors of TER,
they did not directly predict subsequent university entry. In contrast, utility value positively
predicted university entry but not TER. The relationships between math self-concept and
intrinsic value and university entry were fully mediated by TER. In total, each motivational
belief had similar predictive power on university and STEM entrance.

Finally, postsecondary STEM major choice was predicted by math high school course
selection, while university entry was substantially predicted by TER. In probability terms,

here, 1 standard deviation increase from the mean in math course selection and TER led to a
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relatively higher probability increase (.08 and .15 respectively) of entering a STEM major

and university respectively.

Multiplicative Effect of Math Self-Concept and Task Value

To test the multiplicative relation between math self-concept and task values, we
added the latent interaction between self-concept and intrinsic value and between self-
concept and utility value to predict TER and educational choices, based on the conceptual

model (Figure 1%). The results show that the interaction between math self-concept and

intrinsic value positively predicted math course selection — main effect: self-concept (f = .18),

intrinsic value (B = .07); interaction effect: (8 = .07) — and TER — main effect: self-concept

(B = .18), intrinsic value (§ = .08); interaction effect: (8 = .08), p < .001. The simple slopes

in Figure 3 showed that math self-concept had a positive effect on the two outcomes at
different levels of intrinsic value (i.e., mean and 1 standard deviation below and above the
mean). When self-concept was at nearly 1 standard deviation below the mean, different levels
of intrinsic value tended to predict similar outcome levels. This finding supports the
synergistic relation of math self-concept and intrinsic value in predicting the two outcomes:
Choice of advanced mathematics course, and high TER scores, occurred only when self-

concept and intrinsic value were both relatively high. Interestingly, math self-concept and

% Supplemental analyses: we examined the interaction effect between self-concept and value based on two
hypothesized models where only one value component (intrinsic or utility value) was included. We found self-
concept, intrinsic value, and their interaction significantly positively predicted TER and math course selection
(ranging from .07 to .20). However, only intrinsic value had a direct predictive effect on entrance into university
and STEM major selection (.17 and .14 respectively). Similar patterns were found for the model involving
utility value, with an exception that the predictive effect of self-concept on STEM major selection became
significant (.10). In sum, for the model involving one value component, the interactions between self-concept
and intrinsic value as well as between self-concept and utility value positively predicted TER and math course
selection, whereas only the interaction between self-concept and intrinsic value was statistically significant
when the model included both value components and their interactions with self-concept. The significant
interaction effects for different models were similar in size. The interaction effects on entrance into university
and STEM major selection were fully mediated by TER and math course selection respectively (also see
Appendix 7-8 in the Supplemental Materials for more details).
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intrinsic value positively interact in predicting university entry and STEM major selection
through their influence on the TER and math course selection (i.e., moderated mediation;
Preacher, Rucker, & Hayes, 2007; also see Muller, Judd, & Yzerbyt, 2005). The indirect
effect of math self-concept on university entry and STEM major selection, via TER, varied
with level of intrinsic value (i.e., the indirect effect became larger as intrinsic value increased;
also see Appendix 4 in the Supplemental Materials). However, the multiplicative effects
between self-concept and utility value on course selection and TER were not statistically
significant. All path coefficients in the model with interactions are similar with those without

interactions (i.e., Figure 2; see Appendix 5 in the Supplemental Materials for more details).

Predictive Effects of Gender on motivational beliefs and educational outcomes

As hypothesized, gender was negatively associated with math achievement, math self-
concept, and intrinsic and utility values, indicating that males had higher math achievement
and motivation beliefs, controlling for SES and school year. Similarly, gender was negatively
associated with math course and STEM major selection. Nonetheless, gender was positively
associated with reading achievement, TER and university entry. The results indicate that, in
terms of gender difference in probability, males had a higher probability of opting for a
STEM major (-.04), whereas females had a higher probability of entering university (.06). In
relation to indirect effects, academic achievement partially mediated the relationships among
gender, self-concept, and intrinsic value. Similarly, academic achievement and motivational
beliefs partially mediated the relationship between gender and math course and STEM major
selections.

In addition, we conducted supplemental analyses to test the moderating role of SES on

gendered relations among achievement, motivation beliefs and educational outcomes.
Specifically, we added the product term between gender and SES into the hypothesized

model to examine the effects of this interaction on prior achievement, educational beliefs and
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educational outcomes. However, this interaction effect was statistically non-significant,
indicating that SES did not moderate the relations between gender and achievement,
motivational beliefs, and educational outcomes. Detailed results and discussion of the effect

of SES are provided in Appendix 6 in Supplemental Materials.

Moderation Effect of Gender

Before examining whether the hypothesized relations vary by gender, based on the
final structural model, we tested the invariance of the CFA measurement model for males and
females. The measurement invariance test showed that the changes in model fits were
negligible (see Appendix 3 in the Supplemental Materials for more details).

After examining measurement invariance, all paths were constrained to be equal in
multigroup SEM models. As fit statistics are not available for models that have categorical
outcomes, -2 times the log-likelihood difference (i.e., -2ALL), which was distributed as Chi-
square and equivalent to the chi-square difference test (Ay’), was used to compare nested
models. The change in -2LL between the unconstrained (i.e., path-non-invariant) and path-
invariant SEM model was statistically significant (-2ALL (53) = 71.79, p <.001). Given the
sample size, however, this difference was marginal. Further post hoc analyses showed that
there were significant differences across gender in the relation between math achievement
and utility value (Ay*(1) = 4.61, p < .05) as well as between reading achievement and utility
value (Ax*(1) = 8.50, p < .01). Math achievement was more strongly associated with utility
value for males (.24, p <.001) than for females (.15, p <.001). Reading achievement was a
negative predictor of utility value for males (-.14, p <.001), whereas the corresponding effect
was not statistically significant for females (-.02, p = .593). In addition, the result showed
gender differences in the relation between math achievement and math course selection
(Ay*(1)=5.21, p < .05). Similarly, math achievement was more strongly associated with

math course selection for males (.24, p <.001) than for females (.17, p <.001). All other
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relations in the conceptual model did not vary as a function of gender. Taken together, we

found only three significant gender-differentiated patterns out of 63 cases.

Discussion

The current study represents one of the most comprehensive tests of Eccles’s (2009,
2011) model of achievement-related choices, simultaneously testing the effect of
achievement, expectancy, value, and expectancy-value interactions, in predicting a sequence
of educational choice, both before and after the transition from high-school. As expected,
students’ achievement predicts math self-concept, math intrinsic value and utility value. In
turn, students who master math skills and find math interesting or useful are more likely to
take advanced math courses and to achieve high TER scores, which predict post-secondary
educational choices. More importantly, these results provide longitudinal support for the
multiplicative effect of math self-concept and intrinsic value in predicting educational

outcomes.

Predictive Effect of Self-Concept, Task Value and Their Interaction

This study extends prior research on motivational pathways to STEM choices by linking
high school math motivational beliefs and math course selection to further STEM major
enrollment. Each math motivation belief has a significant contribution in math course
selection after controlling for prior achievement, suggesting that expectancy-value
motivations are independent predictors and facilitates students’ willingness to take the more
difficult math courses in senior high school, over and above achievement. However, the task
value that students attach to math, particularly for utility value, is more directly related to
STEM major selection and university entrance compared to math self-concept, even though
these three motivation beliefs have similar predictive power on postsecondary educational

choices in terms of the total effects. In contrast, math self-concept is a stronger predictor of
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high-stakes TER scores compared to task value but relates to STEM major selection and
university entrance via the different level of math courses students adopt and TER scores in
senior high school respectively. These findings are partially consistent with those of previous
studies demonstrating that academic self-concept is more related to academic achievement,
whereas task value is more related to educational choices. (e.g., Eccles et al., 1999; Marsh,
Abduljabbar, et al., 2013; Marsh, Trautwein, Liidtke, Koller, & Baumert, 2005). Given that
most EVT research only included a general task value or one of value components in the
regression model to assess educational choices (e.g., Wang, 2012; Simpkins et al., 2006; Watt
et al., 2006), our finding adds further nuances to our understanding of how self-concept and
different value components contribute to the decision making process, thus providing
empirical evidence for the importance of differentiating and incorporating multiple value
components.

One of the central contributions of this study is the examination of longitudinal
predictions of the self-concept-by-value interaction in relation to modern EVT (Eccles, 2009).
Consistent with our expectations, we found that the synergistic, multiplicative relation
between math self-concept and intrinsic value predicted both math course selection and TER.
More importantly, this is the first study to test this hypothesized latent interaction between
self-concept and task value on long-term attainment and critical educational choices. Our
finding indicates that the multiplicative effects of self-concept and intrinsic value on
postsecondary educational choices are fully mediated through math course selection and TER.
The observed synergistic relations suggest that students with high math self-concept and
intrinsic value are more likely to select advanced math courses, achieve more academically,
enter university, and pursue STEM fields of study. However, students with high self-concept
are unlikely to attain these educational outcomes if they ascribe a low level of intrinsic value

to math. Similarly, students who value math are also unlikely to attain these outcomes if their
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math self-concept remains low. Aligning with recent cross-sectional studies of the interactive
role of self-concept and value (Trautwein et al., 2012; Nagengast et al., 2011; 2013), our
results provide longitudinal evidence and strong support for theoretical assumption that self-
concept and value interact in predicting achievement-related outcomes and underscore the
importance of taking the expectancy-by-value interaction into account in future EVT studies.
These findings suggest that interventions targeting the promotion of academic
performance and math participation, as well as university and STEM pathways, should seek
to enhance both math self-concept and intrinsic value. To do this, utility-value interventions,
such as identifying personal utility-value connections between students’ lives and what they
are learning in class, have been found to be effective to trigger students’ interest and promote
academic performance in STEM topics (Hulleman & Harackiewicz, 2009; Hulleman, Godes,
Hendricks & Harackiewicz, 2010; also see Harackiewicz, Tibbetts, Canning, & Hyde, 2014
for a review). For interventions aiming to increase academic self-concept, meta-analyses
(Huang, 2011; O’Mara, Marsh, Craven, & Debus, 2006) suggest that self-enhancement and
skill development should be integrated in interventions targeting a specific domain rather
than global or skill-based self-concepts. More importantly, the observed synergistic relation
also suggests that multicomponent interventions (e.g., Martin, 2008; Guthrie, Wigfield, &
VonSecker, 2000) may be more effective in promoting students’ motivation than those based
on self-concept and value interventions individually. For example, the Concept-Oriented
Reading Instruction (CORI) intervention (Guthrie et al., 2000) was designed to target five
motivational processes, including self-efficacy and mastery (self-concept) and intrinsically
motivating activities (task value). The CORI has been shown to boost students’ reading
motivation (Guthrie, McRae, & Lutz Klauda, 2007). However, such multiple-component
intervention has not yet been fully investigated in relation to math and science school

learning.
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Internal Comparison Process

Consistent with our hypotheses, math self-concept, intrinsic value, and utility value
are positively associated with prior math and science achievements, but negatively associated
with prior reading achievement. These findings suggest that academic self-concept and task
value are involved in the internal comparison process between math and verbal domains,
while the ipsative process is not triggered between the math and science domains, due to their
proximity on the academic continuum. In addition, all achievements are found to be more
strongly predictive of math self-concept than task values. This result is consistent with
previous studies (e.g., Eccles et al., 1999; Eccles, 2009) suggesting that the formation of
relative self-concept is more dependent on prior performance, while the formation of relative
task value is more dependent on an individual’s personal and collective identities, as well as
on social and psychological experiences (also see Marsh et al., 2005). For instance, the value
of participating in a particular task depends on the individual’s needs, motives and personal
values (i.e., their personal identity) and on whether the task fulfills his/her collective/social
role (e.g., gender role; Eccles, 2009).

Importantly, our results explicitly explain how the internal comparison process
influences math-related educational choices. Students with high reading ability are more
likely to have relatively low math self-concept and task values. This in turn adversely
influences math course taking and subsequent STEM major selection. Hence, this finding
adds to the notable evidence that individuals who have both high mathematical and verbal
ability are less likely to pursue careers in the STEM fields compared to those with high
mathematical but only moderate verbal ability (Chow & Salmela-Aro, 2011; Wang, Eccles,

Kenny, 2013).
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Gender Differences

As expected, gender differences in achievement-related behaviors are partially
mediated by gender differences in prior academic achievement and math motivational beliefs.
Specifically, gender differences in math motivational beliefs favoring boys partially mediate
gender disparity in math course and STEM major selections when prior achievement is
controlled. This finding supports the premise that girls would, on average, be less likely than
boys to enroll in advanced math courses, as a result of their having lower math self-concepts
and lower intrinsic math motivation, and due to placing less extrinsic value than boys on
math (Nagy et al., 2006; 2008; Eccles et al., 1999; Simpkins et al., 2006). Consequently,
gender difference in STEM is partially mediated by gender difference in math course
selection. This finding aligns with other research (Watt, 2010; Watt et al., 2012) showing that
girls often opt out of the math “pipeline” during senior high school, leading to the
constraining of educational choice related to STEM fields. Effective preventative
interventions that aim to enhance girls’ retention in math through high school would be
beneficial in supporting girls to pursue STEM careers. In contrast, girls’ overrepresentation in
tertiary education is partially mediated by gender difference in TER marks, and thus
particular interventions that focus on boys’ underperformance in high school are required.

In spite of gender differences in the mean-level of math motivational beliefs and
educational outcomes, gender did not largely moderate the relations between these factors.
Post hoc analysis showed that only three paths did vary by gender (see Appendix 3 in
Supplemental Materials for more discuss). These results suggest that similar interventions
would promote adolescent males’ and females’ pursuit of math course and STEM majors.
However, given that the effect sizes of gender-differentiated patterns are marginal based on

the large sample size of the present study, replication studies are warranted.
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Limitations of This Study

Some limitations should be considered when interpreting the results. First, this study
only examines the roles of students’ math motivational beliefs in the process leading to
entrance into university and STEM fields of study. Given that reading and science self-
concept and task values also have substantial impacts on this process, the further inclusion of
multiple domain-specific self-concept and task values would provide a more comprehensive
picture to illuminate the roles of motivational beliefs. Second, while our model addresses the
reciprocal process between academic achievement and the motivational beliefs described in
Eccles’s expectancy-value model (Eccles, 2009, 2011), the data related to domain-specific
achievement and motivational beliefs was collected within a single wave. Also, Eccles (2009,
2011) notes that the relations between motivational beliefs and educational choices appear to
be reciprocal. For example, attending a different level of math course would provide a
different social context to students, in which their math motivation beliefs, subsequently,
would be shaped by their subjective interpretation of those experiences within the new class
context (Eccles, 2009). Therefore, further research using fine-grained longitudinal studies is
needed, to explore the reciprocal processes of motivational beliefs and achievement-related
behaviors. Additionally, motivational beliefs are likely to play different roles in the decision-
making processes in educational pathways across different countries (Parker et al., 2012;
Watt et al., 2012). Future comparison of longitudinal studies across different
national/international samples would be of use in clarifying whether the findings identified in
the present study are unique to this Australian sample, or whether they represent a
generalizable decision-making process. Finally, an important direction for further research
would be to take ethnicity and its interaction with gender into account, thus providing a more
nuanced understanding of individual ethnic and gender differences in choices of education

pathways.
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Conclusion

This present research shows a vital secondary-postsecondary nexus in the pursuit of
university and STEM educational pathways, by revealing the impact of individual
characteristics, prior domain-specific achievement, math motivational beliefs, and
achievement-related behaviors. One important conclusion of this study is that to achieve high
academic performance and take more advanced math courses in senior high school, both
math self-concept and intrinsic value need to be high. Also, the synergistic relation between
self-concept and intrinsic value contributes to the prediction of entrance into university and
STEM fields of study. Furthermore, prior math and science achievement positively predicted
math motivational beliefs and all educational outcomes, whereas prior reading achievement
had adverse influences on math courses and STEM major selection, through its negative
association with math motivational beliefs. Finally, gender differences in educational
outcomes are mediated by gender differences in motivational beliefs and prior academic
achievement, while the process underlying choice of educational pathways was similar for
males and females. Taken together, and supporting the importance of substantive-
methodological synergies (Marsh & Hau, 2007), the application of strong and evolving
methodological approaches in the present study leads to substantively important findings with
practical implications for educational policy-makers and practitioners seeking to promote

equity engagement in university and STEM fields of study.
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Figure 1. Conceptual model
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Figure 2. Path model depicting the hypothesized relations, excluding latent interaction, controlling for gender, Grade and SES. Only statistically
significant paths are presented in the model, for clarity; all coefficients shown are standardized. Coefficients displayed in boldface type are the
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probability differences calculated from probit regression.

Note. Dashed arrows represent negative association between reading achievement and motivational beliefs. ASC = math academic self-concept; MIV = math intrinsic value; UV = math utility
value; Math_Ach = math educational achievement; Read Ach = reading educational achievement; Sci Ach = science educational achievement; TER = Tertiary Entrance Rank; Math_Course =

high school math course selection; Uni_Entry = university entrance; STEM = university STEM major selection; * p < .05, ** p <.01, *** p < .001.
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Note. MIV = math intrinsic value.
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Table 1

Standardized Direct, Indirect, and Total Effect for the Path Model Without Latent Interaction

Predictor and Course TER STEM Uni_entry
covariate Direct Indirect Total Direct Indirect Total Direct Indirect Total Direct  Indirect Total
Math_ach 20%*k* 0 16%** 36*** 26%** 14%%* AQF** .02 18F** 21Fk* 10** Q5%H* 35%k*
B [.04]
Read ach .01 -Q9%F* )9k AR -08**%* 03 .00 -.08%* -.08%* d4%F% - 02 J2%*
[.05]
Sci_ach .04 04%%* LQ8*** 10*** Q3% J2%%* .05 .04%* .09* .04 L05%* .10*
MSC 18*** - - 1 9Fk* - - .06 .04 * .10* .03 Q9% ** 2%
INV L08** - - LQ8*** - - .09* .02 A1* .06 .04 * .10*
[.04]
MUV 3wk - - .01 - - 16%%* .03* 19k A0*** 01 A1x*
[.06] [.04]
Course - - - - - - 20%%* - - - -
[.08]
TER - - - - - - - - A8FE* - — -
[.15]
Covariate
Gender -.04%* SQ7FEE ]k 1R -.04%* 07** - 10*F*x L 06** - 17%E* A7FEE Q6% * D3k
[-.04] [.06]
SES .01 L1 3%E* 14%%* J2%%* 20%** 32%%* -.01 L08** .07* Jd6FER DR A3E*
[.06]
Year 5%k 04%* L9k - Q7%** LQ9*** .02 -.01 .03 .02 .04* 06%* .10*
[.02]

Note. Coefficients in brackets are the probability differences calculated from probit regression. ASC = math academic self-concept; MIV = math intrinsic value; UV = math utility value;
Math_Ach = math educational achievement; Read Ach = reading educational achievement; Sci_Ach = science educational achievement; TER = Tertiary Entrance Rank; Math Course = high
school math course selection; Uni_Entry = university entrance; STEM = university STEM major selection; * p < .05, ** p < .01, *** p < .001. Dashes indicate that it was not possible to
compute coefficients.
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Table 2

16

Standardized Direct, Indirect, and Total Effect for the Path Model Without Latent Interaction

Predictor MSC INV MUV Math ach Read ach Sci ach
and Direct Indirect Direct Indirect Total Direct Indirect  Total Direct Direct Direct
covariate

Math_ach ST7RE* - A0F** — - 24%%* - - - - -
Read ach S20%Ek* S26%kF — - - 15%%* - - - - -
Sci_ach L3k - L05%* - - 1R - - - - -
Covariate

Gender -09%¥*  _ ()9F** -.04%* SQ7FFE kR - Q7%%* -.04 SR -.06%** 1 8HE* -.02
SES -.02 5%k .00 Q7%k% 7 F** .01 O8***  R*** 37HE* J8F** 39%H*
Year - Q8%F* o JQFk* - Q5%k* 0 5*EE 00 N Vigkid Q5*Fk* 7Rk Q2%A* 18¥** 18%**

Note. ASC = math academic self-concept; MIV = math intrinsic value; UV = math utility value; Math_Ach = math educational achievement; Read_Ach = reading educational achievement;
Sci_Ach = science educational achievement; TER = Tertiary Entrance Rank; Math Course = high school math course selection; Uni_Entry = university entrance; STEM = university STEM
major selection; p < .05, ** p <.01, *** p <. 001. Dashes indicate that it was not possible to compute coefficients.
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Table 3

The Conditional Indirect Effect of Self-Concept on University Entry and STEM Major Selection

STEM Uni_Entry

Moderator (via Math_course) (via TER)
MIV =+1SD .05%* L 3E
MIV = mean .04%* LQ9**
MIV =-1SD .02%* LQ5%k*

Note. MIV = math intrinsic value; UV = math utility value; Math_Course = high school math course selection; Uni_Entry = university entrance; STEM = university STEM major selection; p
<.05, ** p <.01, *** p <.001.
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In the previous study, the I/E model with its extension to DCT was integrated into
EVT by testing associations between multiple academic achievement (math, reading and
science), math motivational beliefs, and postsecondary educational choices. The internal
comparison process indicated that prior reading adversely influenced math-related
coursework selection through its negative association with math motivational beliefs. This
suggests that understanding motivation and choices in relation to one academic domain
requires researchers to juxtapose constructs in that domain with those in opposing domains.
Study 4 extended prior research and both EVT and DCT to explore complex and seemingly
paradoxical theoretical predictions about the relations between academic achievement,
motivational beliefs (ASC, intrinsic value, utility value) and coursework aspirations across
four science subjects (physics, chemistry, earth science, and biology). Notably, earth science
has rarely been considered along with other science domains in academic motivation research.

The inclusion of ASC and multiple value beliefs also allowed the domain specific
models of ASC (i.e., domain specificity) to be integrated into EVT and tested in relation to
four science subjects, representing a narrower spectrum of the verbal-mathematical
continuum (Marsh, 1990). The other unique feature is that study 4 is apparently the first to
examine the distinctiveness of ASC-by-value interactions in predicting coursework
aspirations across domains. Therefore, this study broadened the theoretical understanding of
the dynamics of the motivation pathways leading to different STEM careers (e.g., physical

science versus biological science).
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Abstract

There is a dire shortage of able students pursuing careers in science. Based on TIMSS data
(18,047 Grade 8 students from four OECD countries) in relation to four science domains
(physics, chemistry, earth science, and biology), this study tested predictions about how self-
concept and task value are related to students’ achievement and coursework aspirations. The
findings revealed that (a) we found negative contrast effects of achievement on self-concept and
intrinsic value between contrasting domains (e.g., physics vs. biology) but positive assimilation
effects between complementary domains that were close to each other (near domain, e.g.,
physics vs. chemistry); (b) similar patterns were found for the effects of self-concept and
intrinsic value on coursework aspirations, and (c) synergistic self-concept-by-value interactions
contributed to the prediction of aspirations. The results were consistent across all four OECD
countries that collected data for multiple science disciplines, offering support for the robustness
and generalizability of the findings.

Keywords: self-concept, expectancy-value, science subjects, coursework aspirations,

latent interaction
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Extending Expectancy-Value Theory Predictions of Achievement and Aspirations in

Science: Internal Comparison Processes and Expectancy-by-Value Interactions

The issue of talented and capable students opting out of the STEM (i.e., science,
technology, engineering, and mathematics) pipeline has been a topic of enduring interest in the
science education community. Given that dropping out of science coursework at high school
makes it very difficult to undertake STEM college majors and STEM-related careers (Kimmel,
Miller, & Eccles, 2012), growing attention in research on science motivation has focused on
disentangling the relationship between students’ motivational beliefs and achievement in science
on one hand, and high-school science course taking, aspirations, and persistence on the other
(e.g., Guo, Parker, Marsh, & Morin, 2015; Nagy et al., 2006; Nagy, Trautwein, Baumert, Koller,
& Garrett, 2008; Parker et al., 2012; Parker, Nagy, Trautwein, & Liidtke, 2014, Watt et al.,
2012).

These studies have demonstrated that motivation beliefs (such as academic self-concept
and value beliefs) represent important determinants of achievement-related decisions in STEM
subjects, net of individual’s actual ability and achievement (Wang & Degol, 2013). However,
much of this research has focused on motivational beliefs in general science, whereas science
choices and aspirations (e.g., coursework and careers) are often measured in specific science
domains (Wang & Degol, 2013). Indeed, the process of subject selection is inherently
comparative: students are likely to select those coursework domains in which they hold the
highest motivational beliefs (Eccles, 2009). Intraindividual cross-domain (internal) comparisons
(e.g., between the math and verbal domain) have been found to be useful for predicting academic
choices (Nagy et al., 2006; Parker et al., 2012, 2014). Thus, focusing on motivational beliefs in
general science or a single subject domain would result in a very limited perspective in
explaining achievement-related behavior choices in STEM fields of study and may even be
counterproductive in understanding coursework selection and aspirations in particular science
disciplines (Eccles, 2009).

The aim of this study was to overcome the shortcomings of prior research, by testing

complex and seemingly paradoxical theoretical assumptions of the relations between academic
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achievement, motivational beliefs, and coursework aspirations taking into account several
different science disciplines. In pursuing this overarching aim, we integrated and extended two
major theoretical models of academic motivation (i.e., dimensional comparison theory [DCT],
Moller & Marsh, 2013; expectancy-value theory [EVT], Eccles, 2009) in relation to four major
science domains (physics, chemistry, biology, and earth science; Binns & Bell, 2015). First,
contrasting achievement and motivation, we tested how students’ subject-specific self-concept
and intrinsic and utility values in the sciences were shaped by internal comparisons. Second,
extending theoretical developments based on DCT, we explored how such internal comparison
processes predicted coursework aspirations across different science domains. Third, extending
recent developments based on EVT, we tested how academic self-concept interacted with value
beliefs in predicting aspirations in each of these four science domains.

The present study drew on eight-grade students from the Trends in International
Mathematics and Science Study (TIMSS 2007). TIMSS has been a major basis of international
comparisons of countries in terms of educational motivation and achievement in the four major
science domains. Thus, it presents an unprecedented opportunity for researchers to investigate
students’ motivational pathways to different STEM-related fields. This study was among the first
to take advantage of the TIMSS data to address this substantive issue. In order to test the cross-
national generalizability of our results, we included the Czech Republic, Hungary, Slovenia, and
Sweden, which were the only OECD countries who chose to conduct separate assessments in
physics, chemistry, biology and earth science (Olson, Martin, & Mullis, 2008).

Internal Comparison Processes
The I/E Model and Its Extension to DCT

Academic self-concept, the self-evaluation of a student’s ability in a given domain, has
been assumed to be a multifaceted, hierarchical construct including a number of self-perceptions
in different academic domains (Marsh, 1990). In order to evaluate their strengths and
weaknesses, students compare and contrast their own performances across different school
disciplines (Moller & Marsh, 2013). Such internal comparison processes were developed to
explain the apparently paradoxical relations among domain-specific self-concepts and

achievement: near zero-correlations between math and verbal self-concepts despite math and
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verbal achievement being moderately to strongly correlated (Marsh, 1986, 2007). The I/E model
posits that students form their verbal and math self-concepts as a function of two underlying
comparison processes or frames of reference: a) externally comparing their self-perceived
performance in a subject domain with that of their peers in the same school or classroom (i.e., an
external frame of reference); and b) by internally comparing their performances in one particular
subject domain against their performance in other subject domains (i.e., an internal frame of
reference). The external comparison process leads to a positive prediction from achievement and
self-concept within a subject domain. However, the internal comparison process is ipsative, so
that high levels of math ability should lead to lower verbal self-concept once the positive effect
of verbal ability is controlled for. The I/E model has been widely supported by experimental,
cross-cultural, and longitudinal studies (Marsh, 2007).

More recently, the I/E model has been extended into DCT (Moller & Marsh, 2013) by
incorporating a wider variety of disciplines based on a verbal-math continuum of academic
domains (Marsh, 1990). More specifically, physics and chemistry are assumed to be located
closer to the math domain, whereas biology is assumed to be located closer to be the middle of
the continuum. This is consistent with recent empirical findings that have shown that the
correlation between physics and chemistry self-concepts was slightly higher than correlations of
biology to physics and to chemistry self-concepts respectively (Jansen, Schroeders, & Liidtke,
2014). However, earth science has not been positioned in this academic continuum. Given that
topics covered in the teaching and learning of earth science are usually intertwined with some
concepts also covered in biology, physics and chemistry (Thomas, Ivey, & Puckette, 2013), earth
science should be located in the middle of the physics/chemistry and biology on the continuum.

DCT postulates that academic self-concepts are formed by different dimensional
comparisons (Marsh et al., 2015). On the one hand, contrasting dimensional comparison
processes predict that good performance in one domain leads to lower self-concept in other
domains (i.e., assimilation effects). On the other hand, assimilating dimensional comparison
processes are characterized by good performance in one domain leading to higher self-concept in
other domains (i.e., assimilation effects). According to the verbal-math continuum of school

subjects, assimilation effects are assumed to occur between domains that are close to each other
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on the continuum (“near” domains, e.g., physics vs. chemistry), whereas contrast effects are
assumed to occur between “far” domains (physics vs. reading). More recently, Jansen et al.
(2014) contrasted achievement and self-concept in physics, chemistry, and biology and found
that associations of self-concept with achievement and grades were substantial in the same
domains. For cross-subject relations, they revealed slight negative contrast effects between
biology and physics but assimilation effects between chemistry and physics (Jansen et al, 2014,
2015). However, these two previous studies focus on German high school students and the
findings have yet to be replicated with other populations across different science curricula.
Moreover, these studies have not included earth science and thus miss out on the opportunities to
gain insight into internal comparison processes between four major science disciplines.

The particular strength of DCT is the ipsative-like process of internal comparison, which
provides an important theoretical framework for analyzing the relations between achievement
and academic self-concepts across multiple domains in predicting achievement-related choice
behaviors. However, only recently have studies begun to explore this potential (Parker et al.,
2012, 2014, see subsequent discussion).

Expectancy-Value Framework
Modern EVT

Unlike the DCT, which mainly focus on the formation of academic self-concept, modern
EVT (EVT, Eccles, 2009; Eccles, et al., 1983) has been widely used to explain students’
academic choice behaviors. Modern EVT (Eccles, 2009) posits that educational aspirations and
choices are most directly influenced by the intraindividual hierarchy of expectancies for success
and the relative task values individuals attach to various achievement-related options.
Expectancies and values, in turn, are influenced by previous achievement-related experience and
the socialization processes linked to various cultural and social settings (e.g., school and family).

Modern EVT (Eccles, 2009) defines expectancies of success as a task-specific belief
about the possibility of experiencing future success in that task. Expectancies of success are
typically operationalized as self-conceptions (Marsh, 1986, 2007) in a given domain (Eccles,
2009; Nagengast et al., 2011; Trautwein et al., 2012). Thus, the present study relies on academic

self-concept as a reflection of students’ expectancies of success in particular STEM domains.
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Modern EVT distinguishes between multiple components of task value (Wigfield, Tonks,
& Klauda, 2009). In the current study, we focus on two of these components: intrinsic value,
referring to the extent to which the person gains enjoyment from performing an activity, and
utility value, the perceived usefulness of a specific task for the individual. It has been well
documented that academic self-concept is more strongly correlated with intrinsic value than with
utility value (Wigfield et al., 2009). Although value beliefs are assumed to be domain-specific
(Wigfield et al., 2009), recent research has revealed that compared to intrinsic value, utility value
is less distinctive between math and verbal domains (Xu, 2010) as well as between math and
science (Marsh et al., 2013). However, the majority of this EVT research has rarely considered
multiple science domains.

Internal Comparison Processes: Integration of DCT and EVT

According to modern EVT (Eccles, 2009), previous achievement-related activities and
achievement affect students’ expectancies of success and how they prioritize or rank task value
across various subject domains. In turn, these motivational beliefs influence their academic and
occupational aspirations, and their decision to pursue additional coursework in a particular
domain. When an individual has to select the activities they want to pursue, domain comparisons
within individuals are triggered (Eccles, 2009, 2011). All such behavioral choices are considered
to be associated with costs, given that (following an ipsative-like process) selecting one option
often results in forfeiting other options (Eccles, 2009).

Relatively little empirical work, however, has integrated notions of ipsative-like
processes from EVT and DCT to predict achievement-related choices. Nagy et al. (2008; Nagy et
al., 2006; Parker et al., 2012, 2014) present one of the few exceptions, which incorporated
intrinsic value and self-concept in math and verbal to test relations between achievement,
motivational beliefs, and advanced coursework selection. Consistent with EVT, prior
achievement predicted self-concept and intrinsic value, which in turn influenced coursework
selection. Also, consistent with the I/E model, self-concept and intrinsic value were positively
associated with achievement and course choices in the same domain but were negatively

associated with achievement and course choices in the other domain.
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In addition, Xu (2010) tested the I/E model for utility value, finding that I/E-like patterns
involving utility value were much weaker than those with self-concept and intrinsic value.
However, most of this extant research has only compared self-concept and intrinsic and utility
values between math and verbal domains, which are perceived as maximally dissimilar
dimensions (Mdller & Marsh, 2013) and are placed at the end points of the academic continuum
(Marsh, 1990). This leaves open the question as to how such internal comparison processes
influence achievement-related outcomes for domains that are close to each other on the
continuum (i.e., "near" domains), for example, between science subdisciplines. Thus, this study
integrated EVT with new insights from DCT and draws on multiple, similar (science) domains to
explore how internal comparison processes predict coursework aspirations.

Interaction Between Self-Concept and Task Values

In addition to having the first-order effects, competence beliefs and value beliefs are
assumed to interact with each other in influencing achievement-related behaviors and choices in
early EVT (Atkinson, 1957; also see Feather, 1982). The expectancy-by-value interaction
suggests that if students do not have confidence in their abilities to succeed in a task (i.e., low
expectancies of success), then even high value beliefs will not be sufficient to motivate students
to pursue the task. Eccles (2009) also suggested the presence of a multiplicative relation between
expectancies for success and task value in noting that: “the motivational power of ability self-
concepts to influence task choice is, at least partially, determined by the value individuals attach
to engaging in the domain” (p. 84). However, this multiplicative relation, which was the central
assumption of classic EVT, has not been widely studied in modern EVT. Nagengast et al. (2011)
attributed this to weak statistical methodology in testing interaction effects and that the
expectancy-by-value interaction should be returned "to its rightful place at the heart of EVT" (p.
1064).

Recently empirical studies have successfully reintroduced examination of interaction
effects between expectancy and value in predicting educational outcomes based on the newer
approaches (e.g., the unconstrained approach; Marsh et al., 2004,). For example, based on a
nationally representative sample of Australian youth, Guo, Parker et al. (2015) reported that the

interactions between high school math self-concept and values significantly predicted math
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course selection, matriculation results, subsequent STEM major choices and entry into university
when value components (intrinsic value or utility value) were considered separately. Although
intrinsic value and utility value had differential first-order (“main”) effects on educational
outcomes, the interaction effects for both value components were similar in size (also see
Trautwein et al., 2012). However, most of this research only considered a single domain (e.g.,
science), and the researchers did not test the domain specificity of the patterns of results across
different science domains. As a consequence, their research did not explore the ipsative (internal
comparison) process in the I/E model; a matter that has been subsequently addressed with the
extension to DCT and its integration into EVT.

The present investigation

Drawing on DCT and EVT, the present investigation aims to examine the distinctiveness
of relationships between domain-specific achievement, motivation beliefs (self-concept, intrinsic
value and utility value), and coursework aspirations across four major science subjects (physics,
chemistry, earth science, and biology). Importantly, we explore the roles of expectancy-by-value
interactions with internal comparison processes in predicting coursework aspirations. Hence, the
present study is unique in that it takes multiple science disciplines into account and integrates
DCT and EVT to provide greater understanding of the motivational dynamics leading students to
making academic choices within STEM-related fields.

Hypotheses
Relations between achievement and motivational beliefs

a. We predict matching paths from each of the four achievement domains to self-concept,
intrinsic value, and utility value in the same domain (e.g., physics achievement =» physics self-
concept) to be significantly positive.

b. For physics, chemistry, and biology, according to the verbal-math continuum of
academic domains (Marsh, 1990), we predict non-matching paths (cross-paths) relating to “far”
domains (e.g., physics achievement =»biology self-concept) to be negative (contrast effects),
whereas we predict these cross-paths relating to “near” domains (e.g., physics achievement

=>chemistry self-concept) to be positive (assimilation effects). We hypothesize that earth
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science, which has not previously been incorporated in the academic continuum, is located in the
middle of physics/chemistry and biology on the continuum (see early discussion).
Relations between motivational beliefs and coursework aspirations

a. We predict matching paths to be significantly positive from self-concept, intrinsic
value, and utility value in each domain to coursework aspirations in the same domain, even after
controlling for achievement (e.g., physics self-concept =»physics aspirations). Based on previous
research, in predicting coursework aspirations, we hypothesize matching path coefficients for
intrinsic value to be stronger than those for utility value and self-concept.

b. We predict non-matching paths (cross-paths) relating to “far” domain (e.g., biology
self-concept=>»physics aspirations) to be negative, whereas these cross-paths relating to “near
domain” (e.g., physics self-concept =»chemistry aspirations) might be positive. Again, we leave
the pattern of the predictions in relation to earth science as a research question.

c. Consistent with the recent re-introduction of expectancy-by-value interactions into
EVT, we predict that latent interactions between self-concept and values (intrinsic value and
utility value) will affect aspirations beyond the effects of the first-order (“main”) effects of these
latent constructs.

Generalizability of results

Students were exposed to different science curricula in different OECD countries (See
Appendix A in the supplemental materials), which would provide a strong test of the robustness
of our findings. We predict that the pattern of results outlined in Hypotheses 1-3 (above)
generalize across the four OECD countries, but leave as a research question whether the actual
sizes of paths differ when subjected to formal tests of invariance (i.e., holding the paths invariant
in multiple-group SEMs across the four countries).

Method
Participants

In the present study the sample consisted of Grade 8 students who participated in the
TIMSS 2007 study from four OECD countries (Czech Republic, Hungary, Slovenia, and
Sweden). In TIMSS 2007 data, these four countries were the only OECD countries in which

students completed surveys in relation to four science domains (physics, chemistry, earth
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science, and biology), although standardized tests in four science disciplines were administered
for eighth grade students in all participating countries. (Olson et al., 2008; also see Appendix A
in the supplemental materials). Therefore, in the present study, we considered data from 18,047
students (51% boys) in 1,025 classes and 598 schools in the four OECD countries described
above (see Appendix B in the supplemental materials for more details).
Measure

Motivational factors. The measures of expectancy-value constructs were selected from
the student-background questionnaire administered in TIMSS2007. All motivation items were
coded on a Likert scale, with 1 indicating that the participants “agree a lot” and 4 indicating
“disagree a lot”. However, for the present purposes, responses were reverse-scored, so that
higher values represented more favorable responses and thus, higher levels of motivation. The
wording of the items was strictly parallel across the science domains (see Appendix B in the
supplemental materials for the wording of the items and a priori factor structure of motivational
factors in the four OECD countries).

A scale of students’ Self-confidence in Learning Science (SCS) was created for TIMSS
(Olson et al., 2008) to assess how students think about their ability in specific domains. This
scale has been used to measure academic self-concept in TIMSS studies (e.g., Marsh et al.,
2013). The students’ Positive Affect Toward Science (PATS) scale was applied to assess the
affect experienced by students when participating in domain-related activities, in line with the
notion of intrinsic value in the EVT (Eccles et al., 1983). Likewise, the TIMSS Students Valuing
Science (SVS) scale was similar to utility value in the modern EVT (Eccles et al., 1983), which
assesses how well achievement in specific domains relates to current and future goals. These
three latent constructs demonstrated satisfactory reliability across the four countries (see
Appendix B for more detail)

Academic achievement. Participants’ academic abilities of science are assessed though a
range of questions in the four science subdomains. Two question formats were used in the
TIMSS assessment — multiple-choice and written-response questions that involved a mixture of

knowing, applying, and reasoning process (Olson et al., 2008). In total, TIMSS Grade 8
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assessment comprised 216 science achievement items, of which 25%, 20%, 20%, and 35% were
respectively related to physics, chemistry, biology, and earth science.

Coursework aspirations. As there was only one item measuring students’ achievement-
related decisions in the TIMSS2007, following Marsh, Abduljabbar et al. (2013), this single item
was used students’ coursework aspirations in each subject area (“I would like to do more in
Biology/Physics/Earth science/Chemistry in school.”). The response scale ranged from 1,
indicating that the participants “disagree a lot” to 4, indicating “agree a lot”.

Data Analysis

In the present study, all data analyses, confirmatory factor analysis (CFAs) and SEMs,
were conducted with Mplus 7.11 (Muthén & Muthén, 1998-2014) using the robust maximum
likelihood estimator. The unconstrained approach (Marsh, Wen, & Hau, 2004) was utilized to
model the latent interactions between self-concept and task values in predicting coursework
aspirations (e.g., Marsh et al., 2004;). We relied on the Mplus MODEL CONSTRAINT
command to compute the mean of matching and non-matching paths between science subjects in
relation to a priori predictions. In addition, to correct for standard errors and model fit statistics
for the nesting of classes, schools and countries, the four OECD countries were treated as
grouping variables in multigroup analyses, and the classroom clustering and weighting variables
were used to control for the clustering sample (see Appendix C and D in the supplemental
materials for more details regarding unconstrained approach, weight, goodness of fit, and
missing data).

Missing data. In order to account for the five plausible values for each achievement
score, all data analyses involving achievement were run separately for each of the five plausible
values. For each of the five data sets based on different plausible values, we used full
information maximum likelihood (FIML) estimation to handle missing data on the remaining
items (Enders, 2010), given that a relatively small amount of missing data (an average of less
than 2% missing data for motivation items for each country, except for Sweden, which presented
6.3% to 18.2% missing data). Final parameter estimates, standard errors and goodness-of-fit
statistics were obtained with the automatic aggregation procedure implemented in Mplus, for

multiple imputation to properly handle plausible values (Enders, 2010).
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Preliminary Analyses

Our main substantive interest is in relations among self-concept, intrinsic value and
utility value, and their relations to parallel measures of achievement and coursework aspirations
across the four science domain. Preliminary analyses described in details Appendix E in the
supplemental materials demonstrate: (a) there was good support for the factor structures
underlying the multiple domains of self-concept, intrinsic value, and utility value; (b) rigorous
tests of factorial invariance showed that factor loadings, variances and covariances for
motivational beliefs, achievement, and aspirations were invariant over the four OECD countries
(Models MG1-MG4, See Table 1), and (c) there was good support for the convergent and
discriminant validity of motivation beliefs in relation to achievement and aspirations, particularly
for self-concept and intrinsic value, to a lesser extent, but also for utility value (based on the
latent correlation matrix of relations among the constructs).

Results

Tests of Predictions Relating Achievement to Motivation Beliefs: Hypothesis 1

Matching paths. In this SEM model, we included one set of 16 (4 x 4; 1 matching paths
+ 3 non-matching paths for each domain;) paths leading from achievement in each science
domain to each of the four self-concept responses, and two additional sets of 16 paths from
achievement to each of the four intrinsic value and each of the four utility value latent factors
(Models MG5-MG6, See Table 1). As seen in see Figure 1-3, of particular importance were the
substantial path coefficients between matching paths from achievement to motivation constructs
in matching domains compared to those in non-matching domains. To clarify these critical path
coefficients, we computed summary statistics for matching paths, non-matching paths, and their
difference (see Appendix F in supplemental materials). The matching paths leading from
achievement to matching self-concept (M = .19, SE = .01) and intrinsic value (M = .14, SE = .01)
factors were positive across the four science disciplines. However, the matching paths for utility
value were relatively small (M = .05, SE = .01).

Non-matching paths. The means across the 12 remaining non-matching path
coefficients leading from achievement in each domain to non-matching motivational beliefs were

substantially smaller than the corresponding matching coefficients (self-concept: A [mean of
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matching paths — mean of non-matching paths] M = .15, SE = .01; intrinsic value: AM = .16, SE
=.01; utility value: AM = .07, SE =.01). More specifically, consistent with predictions from
Hypothesis 2b, cross-paths between physics and biology were negative, whereas those between
physics and chemistry were positive. We also found that cross-paths between chemistry and
biology were slightly positive but significantly weaker than those between physics and chemistry
(AM=.07, SE = .01 for self-concept; AM =.04, SE = .01 for intrinsic value). Cross-paths
between earth science and the other science domains were slightly positive or non-significant. It
should be noted these patterns of results were only evident in relation to self-concept and
intrinsic value.

In summary, consistent with Hypothesis 1, there was strong support for the domain
specificity of predictions relating achievement to self-concept and intrinsic value but relatively
weaker support for utility value in terms of the sizes of path coefficients'.

Tests of Predictions Relating Motivational Beliefs to Aspirations: Hypothesis 2

Matching paths. We began with an evaluation of models without latent interactions.
Consistent with predictions from Hypothesis 2a, matching paths leading from self-concept,
intrinsic value and utility value in each domain to coursework aspirations, were substantially
positive, controlling for achievement (see Figure 1-3). The mean across the four matching path
coefficients for intrinsic value (M = .67, SE = .01) was substantially larger than that for self-
concept (M = .10, SE = .01) and utility value (M = .06, SE = .01).

Non-matching paths. Non-matching path (cross-path) coefficients relating to
motivational beliefs to aspirations smaller than the corresponding matching paths (self-concept:
A M= .09, SE = .02; intrinsic value: AM = .66, SE = .01; utility value: AM =.05, SE=.01) In
line with predictions from Hypothesis 2b, cross-paths between physics and biology were
significantly negative. Again, the pattern of results was found for self-concept and intrinsic value
but not utility value. However, the majority of cross-paths involving self-concept, intrinsic value,

and utility value were non-significant or slightly positive. Similar pattern of results was found in

! The results also provided good support for domain specificity of predictions relating achievement to coursework
aspirations. Motivational constructs largely mediated the relation between each of the four achievement domains and
the corresponding measure of aspirations
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Model MG8b in which the self-concept-by-utility-value interaction was considered.

Latent interactions. We added two sets of domain-specific latent product variables to
the Model MG6: one based on product indicators for the self-concept and intrinsic value (MG7a-
MG?7b), and one based on those for self-concept and utility value items (MG8a-MG8b). It should
be noted that all path coefficients in the model with interactions are similar to those without
interactions (see Appendix F in the supplemental materials). Of particular relevance, the mean of
matching paths involving latent interactions were significantly positive (M = .12, SE = .01).
Given that the sizes of matching interaction path coefficients for different domains were similar,
a simple-slopes plot was constructed, based on the mean of matching interaction path
coefficients. As seen in Figure 4, the simple-slopes plot shows that the regression line of self-
concept is relatively flat at -1SD value, increasing in steepness with incremental intrinsic value,
and substantially steeper at +/SD. This finding indicates the synergistic relation of self-concept
and intrinsic value in predicting coursework aspirations, providing good support for a priori
predictions (Hypothesis 3b).

When self-concept-by-utility value interactions instead of self-concept-by-intrinsic value
interactions were included (Model MG8a-MG8b), the simple-slopes plot based on the means of
matching interaction path coefficients (see Figure 4) shows that the effects of self-concept were a
function of utility value, being weaker with low value and substantially stronger with high value,
indicating a synergistic interaction in predicting aspirations (M = .07, SE = .01). Supplemental
analyses suggest that both types of domain-specific latent interactions (self-concept-by-intrinsic
value and self-concept-by-utility value) make similar contributions to the prediction of
coursework aspirations when both product variables are considered simultaneously (see
Appendix G in the supplemental materials for more details).

In summary, consistent with Hypothesis 3, there was good support for the domain
specificity of predictions relating the three motivation constructs to coursework aspirations,
particularly for latent interactions between self-concept and task value, in terms of substantial
matching path coefficients.

Tests of Predictive Relations Over Countries: Hypothesis 3
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In order to test the generalizability of our results across the four countries, we estimated a
series of multiple-group SEMs in which path coefficients were constrained to be invariant across
the four countries (Models MG5-MG8Db). More specifically, in each model, invariance
constraints were imposed on the path coefficients in combination with the invariance of
additional sets of parameters: factor loadings, factor variances, and factor covariances. Although
the imposition of these additional constraints resulted in some decrease in model fit, these
decreases were negligible in relation to traditional guidelines of fit, and all models provided a
satisfactory level of fit to the data (see Appendix E in the supplemental materials). In summary,
consistent with Hypothesis 3, there was support for the invariance of path coefficients over the
four countries.

Discussion

In the present investigation we adopted a multidimensional perspective on academic self-
concept and task value (intrinsic and utility values) in multiple science domains, and examined
the domain specificity of associations relating achievement, motivational beliefs and coursework
aspirations. Although numerous studies have applied EVT to a generalized science construct, or
in relation to specific science subjects, ours is apparently the first to evaluate EVT constructs
representing physics, chemistry, earth science and biology in a single model. This is particularly
important in evaluating the internal comparison process posited in DCT and self-concept-by-
value interactions posited in classical EVT, in which outcomes in any one domain depend not
only on accomplishments, self-concept beliefs, and value perceptions in that domain, but also on
how these constructs compare to those in other, contrasting domains.

The Relations between Achievement and Motivational beliefs

Consistent with a priori predictions, the results provide strong evidence for domain-
specific relations between achievement and motivational beliefs, particularly for self-concept and
intrinsic value, in which paths for matching domains were substantially stronger than those for
non-matching domains.

Internal comparison processes involving self-concept. More importantly, this study
extends previous research and provides clear support for the internal comparison process in DCT

with regard to cross-paths from achievement to non-matching domains of self-concept. In
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particular, the results reveal negative cross-paths between physics and biology which are
separated by the greatest distance on the continuum of academic self-concepts (relative to other
science domains). However, most previous support for the negative cross-paths is based on
studies of math and verbal domains that are at opposite ends of the academic self-concept
continuum posited by Marsh (1990).

However, internal comparison processes in relation to self-concept were apparently
weaker between physics and chemistry, resulting in small positive cross-paths. This result is also
consistent with DCT, such that accomplishments in one domain will contribute positively—not
negatively—to self-concept in a closely related domain. This indicates that higher levels of
achievement in chemistry contribute positively to self-concept in physics. Hence, students
apparently perceive physics and chemistry to be similar and complementary subjects, such that
skills acquired in one subject will help success in the other subject, and achievement feedback in
one subject may generalize to the other subject.

The positive cross-paths are also evident between chemistry and biology, but they are
significantly smaller than those between physics and chemistry. This result is in line with the
verbal-math academic continuum, suggesting that chemistry and physics would be perceived as
more similar to each other than chemistry and biology. However, these assimilation effects are
not contradictory to the contrasting dimensional comparisons between physics and biology.
Having high ability in chemistry leads to positive self-concept in both physics and biology, while
highly able in biology leads to low self-concept in physics (and vice versa).

With respect to earth science, the internal comparison process apparently was not
triggered in relation to other science domains. Instead, small and positive cross-paths involving
earth science indicate that students are likely to engage in assimilating dimensional comparisons
between earth science and other science domains. This study is among the first to incorporate
earth science and explore its location in the math-verbal academic continuum. The similar
pattern of cross-paths relating earth science to different science domains is consistent with our
expectation that earth science would be located between physics/chemistry and biology. Thus,

the results provide new theoretical and substantive insights into I/E model and DCT.
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Internal comparison processes involving value beliefs. The pattern of results was
similar for self-concept and intrinsic value. This finding suggests that when students perceive
school subjects to be similar (e.g., physics and biology), intrinsic motivation in one is likely to
generalize to the other, whereas when they perceive those subjects to be distinct (physics vs.
biology), high achievement in one domain would lead to liking of the other domain being wane.
However, in relation to utility value, we found relatively weak support for the a priori predictions
posited in DCT. For instance, the non-significant matching paths for biology and earth sciences
appear inconsistent with DCT. A theoretical reason for this may be the low degree of domain
specificity of utility value across science domains (see Appendix E for more details). The
domain specificity of the construct is one of the bases underlying dimensional comparison
mechanisms. The pattern of relations between the motivational factors and achievement is
largely a function of the domain-specific nature of this factor (Marsh et al., 2001). Previous
research has suggested that a lower degree of domain specificity for the motivational constructs
is associated with weaker support for the I/E model (Xu, 2010).

The Relations between Motivational beliefs and Aspirations

Consistent with a prior prediction, this study found strong evidence for domain-specific
relations of self-concept and intrinsic value to coursework aspirations. Despite the lack of
domain specificity of utility value in relation to achievement, we found reasonable support for
domain specificity for utility value in relation to coursework aspirations. Indeed, students decide
whether or not a subject domain is useful based on certain characteristics that can be related to
their needs and personal values (i.e., their personal identity) rather than on performance in that
domain (see subsequent discussion), and these characteristics are in line with their coursework
aspirations.

Distinctiveness of self-concept-by-value interactions. This study is among the first to
test latent expectancy-by-value interactions for multiple science domains within the same model,
thus extending the results of previous research by incorporating a more multidimensional
perspective. In line with a priori predictions, there is strong evidence of the high domain
specificity of synergistic relations in predicting coursework aspirations, suggesting that aspiring

to engage in one science subject occurs especially when self-concept and value (intrinsic value or
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utility value) are both relatively high. Therefore, this study provides strong support for the
theoretical claim that self-concept and value interact in predicting achievement-related outcomes.

Internal comparison processes involving self-concept and value beliefs. This study
extends prior research by integrating EVT and the internal comparison processes of DCT, in
relating motivational beliefs to educational aspirations. Consistent with the a priori predictions,
support for the internal comparison process is particularly evident for the physics and biology
domains, where the cross-paths from self-concept and intrinsic value in one domain to
aspirations in the other domain are negative (see Figure 1-2). Thus, for example, students who
have high self-concept and interest in physics but even higher self-concept and interest in
biology are likely to have lower aspirations in physics compared to students who have the same
level of self-concept and interest in physics but lower self-concept and interest in biology. Thus,
aspirations in one science domain depend not only on abilities, self-concept, and intrinsic value
in that domain, but also on relative abilities and motivation in other science domains. These
findings shed further light on the important roles played by internal comparison processes in
shaping academic pathways to different STEM fields, and underline the importance of
differentiating motivational beliefs across science domains.

However, it should be noted that all cross-paths between achievement, motivational
beliefs and coursework aspirations were relatively weak, particularly for the assimilation effects.
These results are consistent with recent self-concept research on science domains (Jansen et al.,
2014, 2015). This may be because the four science subjects considered here are all relatively
similar, compared to the more obviously contrasted academic continuum, ranging from relatively
pure verbal subjects to relatively pure mathematical subjects (Marsh, 1990). Nevertheless,
mathematics and verbal skills are posited as the endpoints of the academic continuum were not
considered in this study.

Generalizability of the results

How science subjects are taught in a given learning environment varies as a function of
the country, state or school system, and this is particularly so for earth science. In this study,
physics, chemistry and biology were taught separately in the four countries, although the timing

for introducing these distinct subjects varied across countries. Earth science was integrated into
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physics or chemistry in Slovenia and Sweden, whereas it was treated as a separate subject in the
Czech Republic and in Hungary. Nevertheless, despite these variations in science curricula, the
pattern of results is invariant across countries, supporting the external validity of the results and
and providing strong support for the robustness of the domain specificity of motivation
constructs in science.

Implications for Instructional Practices

With respect to instructional practices, the high domain specificity of self-concept and
intrinsic value suggests that interventions targeting general academic, or even a general science,
self-concept and intrinsic value, may not be beneficial in promoting students’ motivation in
STEM areas. Rather, interventions targeting a specific academic self-concept domain, with the
integration of self-enhancement (self-concept enhances ability) and skill development (ability
improves self-concept) strategies, have been shown to be much more effective than those solely
targeting a global or skill-based self-concept (O’Mara, Marsh, Craven, & Debus, 2006).
Interventions designed to increase students’ perceptions of the relevance of academic subjects to
their lives through teachers and parents have been found to be effective in triggering students’
interest and to promote academic performance in STEM topics (Harackiewicz, Rozek, Hulleman,
& Hyde, 2012).

Furthermore, we recommend that teachers should be aware of the comparison processes
underlying the formation of students’ self-concept and intrinsic value. This would help teachers
provide effective feedback to students. In particular, attributional feedback, goal feedback, and
contingent praise, as forms of constructive feedback, have been identified as effective methods
of boosting self-concept (O’Mara et al., 2006). Teachers should be also aware of the comparison
processes that lead to different levels of coursework engagement, particularly between physics
and biology.

In addition, the distinctiveness of the synergistic relations between self-concept and value
beliefs across science domains, suggests that interventions targeting the promotion of aspirations
to STEM majors should seek to enhance both domain-specific self-concept and task value. This
suggests that multicomponent interventions (e.g., Glaser-Zikuda, Fu3, Laukenmann, Metz &

Randler, 2005) might be more effective in promoting students’ motivation than those based on
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self-concept and value interventions considered separately. For example, The ECOLE
(Emotional and Cognitive Aspects of Learning) intervention combines student- and teacher-
centered instruction targeting multiple aspects of the learning process, including competence
(self-concept) and value (intrinsic and utility values). The ECOLE intervention has been shown
to enhance students’ motivation and achievement in physics and biology (Glaser-Zikuda, et al.,
2005).

Limitations and Directions for Further Research

Several limitations to this study, and some caveats, must be noted. First, in the present
cross-sectional study, the issue of the temporal or causal ordering among achievement,
motivational beliefs and coursework aspirations could not be addressed on the basis of a single
measurement point. For example, there may be reciprocal relations between achievement and
motivational beliefs, since high motivational beliefs would result in high academic performance.
Thus, a longitudinal replication would enable us to draw stronger conclusions about the
directional influences of self-concept and value and the importance of their interactions.

Second, as our study is limited to the four OECD countries where science is taught as
separate subjects, it is also important to replicate the results in settings where students are taught
science as an interdisciplinary, unified subject. Relatedly, the domain specificity of EVT
predictions in science is likely to vary as a function of age, as the further students go in school
the more differentiated the coursework is likely to be. This is particularly the case as students
move into higher education. Thus, research across different international samples covering
multiple age groups, school subjects and schooling systems would be useful, to clarify the
generalizability of our findings.

Third, given that the present investigation only focuses on two out of four major value
components and single-item coursework aspirations, future research should consider
psychometrically stronger, multi-item measures of the four value components and coursework
aspirations. Finally, future studies would benefit from including a broader range of subject
domains (e.g., arts, physical education, social sciences) across multiple informants (i.e., teacher

as well as peer reports). In particular, self-concept, intrinsic values, utility value, and aspirations
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were only measured by student self-reports so that it would allow us to provide a more nuanced

understanding of how internal comparison processes influence STEM pathway choices.
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Figure 1. Structural path model of the relations between achievement, self-concept, and
coursework aspirations across the four science domains Model MG6.
Note. Only statistically significant regression paths (p < .05) are presented. Negative, significant
paths are shaded in gray.
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Figure 2. Structural path model of the relations between achievement, self-concept, and
coursework aspirations across the four science domains Model MG6.

Note. Only statistically significant regression paths (p <.05) are presented. Negative, significant

paths are shaded in gray.



Chapter 7: Study 4

EXPECTANCY VALUE IN SCIENCE SUBDISCIPLINES 29
Achievement Utility value Aspirations
.09 . .06
Physics 1 > Physics > Physics
; -.07,
-.08 .03
.09 . 06 ,
Chemistry Chemistry > Chemistry
13
-.08
Earth 08 Earth 06 _| Earth
science 5 science “|  science
-13
. 207 . .07 ‘
Biology ; Biology >\ Biology

Figure 3. Structural path model of the relations between achievement, self-concept, and
coursework aspirations across the four science domains Model MG6.

Note. Only statistically significant regression paths (p < .05) are presented. Negative, significant
paths are shaded in gray.
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Coursework Asplrations (SD)

Figure 4. Simple-slopes depicting the effects of latent interactions (self-concept by intrinsic value and self-concept by utility value) on coursework aspirations.
Note. IV = intrinsic value; UV = utility value.

1.0

05

0.0

0.5

-1.0

—_— IV=+1SD
— = IV=Mean
--- W=-18D

Self-concept (SD}

Coursework Asplrations (SD)

w
(=3

-0.5

—_— UV =+1SD
— = UV =Mean
-== UV=-1SD

T T T T
0.5 00 05 1.0

Self-concept (SD)

160

30



Supplemental Materials: Study 1

31
Table 1
Model Fit Statistics for the CFA and SEM Models Used in the Present Study
Model  Description ' df CFI TLI RMSEA
Multi-group (MG) analysis
CFA
MGl SC+IV+UV+ACH + ASP, Correlated Uniqueness + configural 18038 3912 .964 951 .028
MG2 MGI +FL invariance 19416 4008 961 .948 .029
MG3 MG2+FV invariance 20138 4068 959 .947 .030
MG4 MGS3 + FC invariance 23961 4638 951 944 .030
SEM
MG5 MG?2 + PC invariance 21088 4344 958 948 .029
MG6 MG4 + PC invariance 23961 4638 951 944 .030
MG7b MG6+FL, FV, CV, PC invariance relating to SCxIV 31512 7228 942 936 .027
MG8a MG6 + freely estimated FL, FV, CV, PC relating to SCXUV 25644 7740 955 947 .023
MG8b MG6+FL, FV, CV, PC invariance relating to SCXUV 28647 8184 948 942 .024
MG7a  MG6 + freely estimated FL, FV, CV, PC relating to SCXIV 29880 6934 945 936 .027

Note. PC = path coefficients; SC = self-concept; IV= intrinsic value; UV = utility value;

ASP = coursework aspirations;
SCxIV = the product term of self-concept by intrinsic value interaction; SCxUV = the product term of self-concept by
utility value interaction; FL. = factor loading; FV = factor variances; CV = factor covariances.
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Studies 1-4 incorporated two value components (intrinsic value and utility value)
together with ASC to explore the unique predictive power of these motivational beliefs as
well as their interactions on diverse achievement-related outcomes. Study 5 extended these
studies and examined the unique contributions of four value components (intrinsic value,
utility value, attainment value, and cost) to the prediction of academic achievement, effort,
and engagement in math, by employing a newly developed multifaceted measure of value
beliefs. In particular, an innovative bi-factor model was used to deal with relatively high
correlations among the four value components, which had plagued previous EVT research.

The other key feature of this study was to incorporate student self-reported and
teacher-rated educational outcomes (e.g., self-rated effort and teacher-reported engagement).
In particular, the use of non-self-rated variables has received scant attention in research on
expectancy-by-value interactions. Taken together with the previous studies (1-4), the thesis
built a comprehensive understanding of the contributions of motivational beliefs on both
short-term educational engagement and subject choices, but also long-term educational and

occupational outcomes.
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Drawing on expectancy-value theory, the present study examined the unique contributions of the four major value beliefs and
self-concept on achievement, self-reported effort, and teacher-rated behavioral engagement in mathematics. In particular, we
examined the multiplicative effects of self-concept and task values on educational outcomes using the latent moderated structural
equation approach. Participants were 1,868 German ninth-grade students. The data analyses relied on a higher-order structure
of value beliefs, which is suited to parsing the differential patterns of predictive relations for different value beliefs. The findings
revealed that (a) self-concept was more predictive of achievement, whereas value beliefs were more predictive of self-rated effort;
(b) self-concept and value beliefs emerged as equally important predictors of teacher-reported engagement; (c) among the four
value beliefs, achievement was more associated with low cost, whereas effort was more associated with attainment value; and

(d) latent interactions between self-concept and value beliefs predicted the three outcomes synergistically.

Keywords:

ExpEcTANCY-VALUE theory (EVT; Eccles, 2009; Eccles etal.,
1983; Wigfield & Eccles, 2002) is one of the major frameworks
for achievement motivation and has been widely used to explain
students’ effort, choices, and achievement in relation to aca-
demic and nonacademic domains (e.g., sports, music, and social
activities). Research based on EVT has demonstrated that com-
petence beliefs and value beliefs represent the most proximal
precursors of academic achievement, effort, and engagement

self-concept, expectancy-value theory, mathematics, achievement, effort, engagement, latent interaction

(e.g., Eccles, 2009; Guo, Marsh, Morin, Parker, & Kaur, 2015;
Wang & Eccles, 2013; Watt et al., 2012). Value beliefs are pos-
tulated to be multidimensional—composed of intrinsic value,
attainment value, utility value, and cost (Eccles etal., 1983;
Eccles & Wigfield, 2002). Although these four components can
be empirically differentiated (Conley, 2012; Luttrell et al.,
2010; Trautwein et al., 2012), rarely have all four value compo-
nents been considered simultaneously in one empirical study,
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particularly in one regression model, to examine the unique
contribution of specific value components to the prediction of
achievement-related outcomes.

In addition to their first-order effects, competence beliefs
and value beliefs are assumed to interact with each other in
influencing achievement-related behaviors and choices (see
Atkinson, 1957; Atkinson & Feather, 1966; Feather, 1982;
Vroom, 1964). In other words, the interactive associations
suggest that the relation between competence beliefs and
outcomes depends on the extent to which an individual val-
ues a given domain and vice versa. However, empirical
research examining interaction effects of motivational
beliefs on achievement-related behaviors in nonexperimen-
tal settings is surprisingly sparse (for exceptions, see Guo,
Parker, Marsh, & Morin, 2015; Nagengast etal., 2011;
Trautwein et al., 2012). One of the reasons for this sparsity
has been the error-prone specification of interaction effects
in latent variable models that account for measurement error
(e.g., Bollen, 1996; Joreskog & Yang, 1996; Kenny & Judd,
1984). In recent years, less-complicated specifications have
been published (Marsh, Wen, & Hau, 2004), and new
approaches (e.g., Klein & Moosbrugger, 2000; Kelava &
Nagengast, 2012; Kelava, Nagengast, & Brandt, 2014) have
become available with standard latent variable modeling
software (e.g., Mplus; Muthén & Muthén, 1998-2014).

In this study, we draw on the framework of modern EVT
(Eccles, 2009), using a large sample of high school students
in Germany, to investigate predictive relationships between
math motivational beliefs and three achievement-related
outcomes: math achievement, self-reported math effort, and
teacher-rated behavioral engagement. Of central importance,
the present study captured the multidimensional nature of
task values (Eccles et al., 1983; Eccles & Wigfield, 2002) to
explore the unique predictive power of the four math value
components, along with self-concept, on the educational
outcomes. The interactive roles of self-concept and value
beliefs were also examined in order to address this gap in the
literature. In particular, the use of non-self-rated variables
has received scant attention in research on expectancy-by-
value interactions. Finally, by juxtaposing the recent litera-
ture and the results of the present investigation, we provide
a more complete evaluation of the nature of expectancy-by-
value interactions in support of EVT.

EVT

The modern EVT (Eccles, 2009; Eccles et al., 1983) pos-
its that achievement-related performance and choices are
most directly influenced by an individual’s expectations of
academic success and a subjective assessment of the inher-
ent value of academic tasks. Modern EVT (Eccles et al.,
1983) defines expectancies of success as task-specitfic beliefs
about the possibility of experiencing future success in that
task, which is assumed to be mainly influenced by a person’s
beliefs about her or his abilities (i.e., ability self-concepts;

2

Marsh, 1986, 2007). However, Eccles (2009) states,
“Empirically, we have found that ability self-concepts are so
directly linked to expectations for success that it is quite
difficult to distinguish between these two constructs” (p. 82).
Similarly, in their review of competence self-perceptions
more generally, Schunk and Pajares (2005) also emphasize
that expectancy-value theorists have concluded that expecta-
tions of success and academic self-concept are not empiri-
cally separable. This has led to the routine use of academic
self-concept in recent EVT studies (e.g., Musu-Gillette,
Wigfield, Harring, & Eccles, 2015; Simpkins, Fredricks, &
Eccles, 2012; Wang & Eccles, 2013; Wang, Eccles, &
Kenny, 2013) as a measure of expectancies of success,
particularly so with those examining expectancy-by-value
interaction (e.g., Nagengast et al., 2011; Trautwein et al.,
2012; Guo, Parker, et al., 2015). Following this tradition,
academic self-concept was used in this research to measure
expectancies of success.

Modern EVT distinguishes between multiple components
of value (Wigfield & Eccles, 1992; Eccles & Wigfield,
2002): Intrinsic value refers to the extent to which the person
gains enjoyment from performing an activity. Attainment
value is the degree of importance attached to successful per-
formance of a specific task and has been also linked to rele-
vance of a task to one’s personal and social identities (Eccles,
2009, 2011). Utility value is the degree of usefulness that a
specific task has for the individual. Cost includes the degree
of potential loss of time; effort demands; the loss of valued
alternatives, such as spending time with friends; or addi-
tional negative experiences, such as stress. Cost is the least-
studied component of task value.

Recently, evidence has emerged that the four value compo-
nents can be empirically differentiated in the math domain
(Conley, 2012; Luttrell et al., 2010; Trautwein et al., 2012).
These studies found a similar correlation pattern among
the value components, with the highest correlations being
between intrinsic and attainment value. It has been well docu-
mented that correlations between academic self-concept and
the value components are usually moderate to large in size
(see Wigfield & Eccles, 2002; Wigfield, Tonks, & Klauda,
2009, for reviews). In particular, self-concept is more highly
correlated with intrinsic value than other value components
within a specific domain (Wigfield et al., 2009). Thus, it is
imperative to differentiate and consider all value components
along with self-concept in one regression model, which allows
us to further disentangle the interactive relationships between
self-concept and value beliefs in predicting achievement-
related outcomes (see subsequent discussion).

Association of Self-Concept, Task Value, and
Achievement-Related Behaviors

An extensive body of EVT research has demonstrated
that self-concept is more closely associated with academic
achievement than is task value, whereas task value is
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generally a stronger predictor of course-taking decisions
(e.g., Eccles, Barber, & Jozefowicz, 1999; Perez, Cromley,
& Kaplan, 2014; Watt, Eccles, & Durik, 2006), academic
engagement and effort (e.g., Cole, Bergin, & Whittaker,
2008; Trautwein & Liudtke, 2009; Wang & Eccles, 2013),
and educational and career aspirations (e.g., Simpkins,
Davis-Kean, & Eccles, 2006; Watt et al., 2012). However,
most of this research has focused predominantly on a single
value construct measured by a small number of items or only
on one or two of the expected components of value. Utility
value and attainment value have often been combined as
importance value (Durik, Vida, & Eccles, 2006; Jacobs,
Lanza, Osgood, Eccles, & Wigfield, 2002; Watt et al., 2012).
For example, Watt et al. (2012) found that importance value
was more predictive of educational aspirations than was
intrinsic value, whereas intrinsic value more strongly pre-
dicted math participation than did importance value, control-
ling for self-concept. Of particular relevance, no previous
studies have simultaneously considered all four components
of value, along with self-concept, in the same regression
model, although EVT (Eccles, 2009) emphasizes that differ-
ent value components should play differential roles in influ-
encing educational outcomes.

However, Wigfield and Eccles (2000), along with many
others (e.g., Wigfield & Cambria, 2010), have acknowl-
edged that overlapping elements among task values might
exist. Indeed, an apparent problem in previous research has
been that the four value components have been so highly
correlated that the resulting multicollinearity has made it dif-
ficult to identify the separate and unique contribution of
each value component. Thus, previous studies of the multi-
ple value components have conducted separate analyses of
each value component, rather than considering them simul-
taneously in a single model (e.g., Trautwein et al., 2012).
Recognizing this as a limitation in most previous research,
the challenge for us was to resolve this problem so that the
four value components could be considered together in the
same model. In an apparent resolution of this issue, we
applied an innovative higher-order bi-factor model that is
specifically designed to capture the multidimensional nature
of task value to test the unique contribution of value compo-
nents to students’ academic achievement, behavior engage-
ment, and effort (see subsequent discussion).

The Multiplicative Relation Between
Expectancy and Value

Although Eccles (2009) suggested that “the motivational
power of ability self-concepts to influence task choice is, at
least partially, determined by the value individuals attach to
engaging in the domain” (p. 84), the multiplicative relation
between expectancies for success and task values, which
was the core assumption of classic EVT (Atkinson, 1957,
also see Feather, 1982; Vroom, 1967), has not been widely

Expectancy-Value Interaction and Unique Prediction

examined. In modern EVT (Eccles, 2009; Eccles et al.,
1983), the effects of self-concept and value are often implic-
itly assumed to be additive, which would suggest that self-
concept and task value predict achievement-related
behaviors uniquely and independently. A multiplicative rela-
tion, on the other hand, would imply that the effect of self-
concept on outcomes depends on the extent to which an
individual values a given domain and vice versa.

Typically, an interaction between two independent pre-
dictors (i.e., self-concept and task value) has been described
as having either a compensatory or a synergistic relation to
the outcome. The nature of the interactions in relation to
the two taxonomies is considerably different; this has theo-
retical and substantive implications for motivation
researchers. Specifically, a compensatory relation suggests
that as long as individuals have high expectancy or high
value attached to a given academic task, they will be moti-
vated to engage in it. In other words, high expectancy can
compensate for low value and vice versa. In contrast, a
synergistic relation would suggest that either high expec-
tancy or high value alone is not sufficient to motivate
behaviors. Rather, individuals must have both high self-
concept and high value to engage in a given academic task.
More specifically, recent studies of expectancy-by-value
interactions (Nagengast et al., 2011; Trautwein et al., 2012)
have argued that support for EVT implies a synergistic
expectancy-by-value interaction, suggesting that compen-
satory interaction might not support EVT.

The omission of the multiplicative relation in modern
EVT may be partly due to the shift from experimental
designs focusing on intraindividual differences to real-world
settings focusing on interindividual differences (for further
discussion, see Nagengast etal., 2011; Trautwein et al.,
2012). Methodologically, it is difficult to detect interaction
effects in nonexperimental designs (Marsh et al., 2004; also
see Appendix A in the supplemental materials). However,
recently, researchers have been able to examine interaction
effects using structural equation modeling (SEM; Bollen,
1989) techniques, such as the latent moderated structural
equation approach (LMS; Klein & Moosbrugger, 2000) and
the unconstrained product indicator approach (Marsh et al.,
2004), in which the measurement error of the predictor vari-
ables is accounted for (for an overview, see Schumacker &
Marcoulides, 1998).

On the basis of these recent approaches, there is now
some recent empirical support for a synergistic relation
between expectancy and task value in predicting educational
outcomes. For example, Nagengast et al. (2011) found that
science self-concept, intrinsic value, and their interaction
significantly positively predicted engagement in science
extracurricular activities and intentions to pursue a scientific
career. Importantly, the pattern of results was similar across
57 countries in the Programme for International Student
Assessment 2006 data (Nagengast et al., 2011). In addition,
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Guo et al.

on the basis of a nationally representative sample of
Australian youth, Guo, Parker, et al. (2015) reported that the
interactions between high school mathematics self-concept
and value significantly predicted mathematics course selec-
tion; matriculation results; subsequent science, technology,
engineering, and mathematics [STEM] major choices; and
entry into university when value components (intrinsic value
and utility value) are considered separately (also see Guo,
Marsh, Parker, Morin, & Yeung, 2015; Nagengast,
Trautwein, Kelava, & Liidtke, 2013; Trautwein et al., 2012).
However, when the model included both value components
and their interactions with self-concept, only the interaction
between self-concept and intrinsic value was found to pre-
dict the outcomes significantly.

Although these empirical studies successfully reintro-
duced the multiplicative relation between expectancy and
value in motivation research, three important limitations
need to be addressed. First, as discussed above, the multidi-
mensional nature of task value has not been fully taken into
account in previous studies, particularly in those with expec-
tancy-by-value interaction.

Second, little is known about whether self-concept and
task value interact in predicting academic effort and behav-
ioral engagement, particularly in a classroom setting; these
are important determinants of academic success (Wang &
Degol, 2014). Students’ effort in learning tasks is highly cor-
related with their behavioral engagement in classroom and is
usually treated as a part of measures of engagement (e.g.,
Furrer, Skinner, Marchand, & Kindermann, 2006; Skinner,
Kindermann, & Furrer, 2008; Skinner, Zimmer-Gembeck, &
Connell, 1998). Students’ behavioral engagement is also
determined by their attention, self-direction, and persistence
in learning activities (Furrer etal., 2006; Skinner et al.,
1998, 2008).

Most empirical studies investigating how motivational
beliefs relate to academic effort and engagement have relied
heavily on student self-report measures (e.g., Trautwein &
Ludtke, 2009; Wang, 2012; Wang & Eccles, 2013).
Monitoring the extent to which students are engaged with
and make an effort in learning activities is important for
teachers in order to provide constructive feedback in the
classroom. However, teacher perceptions of student engage-
ment and effort might differ from those of their students. In
previous research, the correlation between self-reported and
teacher-rated engagement was found to be moderate (aver-
age r=.30-.35; Lee & Reeve, 2012; Skinner et al., 2008).
Collecting information from teachers can provide an alterna-
tive and important perspective on student engagement and
effort. To date, little EVT research has simultaneously con-
sidered multiple informants (i.e., student as well as teacher
reports) with respect to engagement or effort and has exam-
ined associations between motivation beliefs and outcomes.
Therefore, in this study, we fill this gap in the literature by
exploring the interactive relations between math self-concept
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and all value components in predicting student self-reported
effort and teacher-rated engagement.

Third, insufficient attention has been given to the nature
of first-order effects (“main” effects of self-concept and
value) and interactions (self-concept by value) in support of
EVT predictions. Although positive interaction effects indi-
cate synergistic relations, and negative interaction effects
indicate compensatory relations, the interpretation of the
results in relation to EVT depends fundamentally on the
combination of first-order and interaction effects. In particu-
lar, superficial interpretations of interaction effects that do
not also take into account the size and nature of the first-
order effects can be misleading. Rather, interpretation of
interaction effects should always be based on a graph of the
results in relation to a priori predictions. In this study, we
provide a more complete evaluation of the nature of multi-
plicative relations in support of EVT, showing that compen-
satory interactions are not necessarily inconsistent with EVT
predictions, whereas synergistic interactions are not neces-
sarily consistent with EVT predictions (see subsequent
discussion).

The Present Study

Drawing on EVT, we operationalize math subjective task
value as a multidimensional construct to examine self-con-
cept, the four value components, and their interactions in
predicting three math-related outcomes: objective achieve-
ment, self-reported effort, and teacher-rated behavioral
engagement. The present study is unique in that it simultane-
ously includes the four latent value components in the latent
SEM to explore the unique contribution of each value com-
ponent to the prediction of achievement-related outcomes by
integrating a second-order model and a bi-factor model.

This integration allows us to extend past research on the
application of modern EVT and leads to the following
research hypotheses:

Hypothesis 1: We examined whether student self-con-
cept and the four value components predict the three
outcomes differentially. Generally, we expected that
self-concept would be a stronger predictor of aca-
demic achievement, whereas task value would be
more predictive of self-reported effort and teacher-
rated engagement (e.g., Eccles & Wigtield, 2002).
However, specific hypotheses about which value
components play more important roles in promoting
student’ academic effort and engagement are lacking
in the EVT literature. Theoretically, intrinsic value
and, perhaps, cost are the most closely tied to effort
and engagement. When students value an activity
intrinsically, they often become deeply engaged in it
and can persist at it for a long time (Wigfield & Cam-
bria, 2010). Perceived negative aspects of engaging
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in a specific task (i.e., anticipated effort, time, and
energy) might also be directly associated with stu-
dents’ exertion of effort and engagement (Barron &
Hulleman, 2015; Flake, Barron, Hulleman, McCoach,
& Welsh, 2015). Thus, we expect intrinsic value and
cost would make unique contributions to the predic-
tion of self-reported effort and teacher-rated engage-
ment, after controlling for self-concept and other
value components.

Hypothesis 2: Of particular importance to the investiga-
tion, we expect a synergistic relation between self-
concept and value in predicting the outcomes (e.g.,
Guo, Parker, etal.,, 2015; Nagengast etal., 2011).
Importantly, we also provide a more complete evalua-
tion of the nature of multiplicative relations in support
of EVT by juxtaposing the recent literature and the
results of the present investigation.

Method
Participants

The data set used in the present study (see Gaspard et al.,
2015) is part of the larger Motivation in Mathematics
(MoMa) project. The current study’s sample was drawn
from ninth-grade high school students from 82 classes in 25
academic track schools (Gymnasium schools) in the German
state of Baden-Wiirttemberg in 2012. A total of 1,978 stu-
dents who had active parental consent participated in the
study (53.5% female; age, M= 14.62). The questionnaires
were administered to the students in class by trained research
assistants.

Measures

Students’ motivational beliefs were measured through
student ratings with a 4-point Likert-type scale, systemati-
cally recoded so that higher values represented more favor-
able responses and, thus, higher levels of motivation. In
particular, we assessed math-related value beliefs with an
instrument developed to measure the multidimensional
nature of task beliefs, based on the modern EVT model
(Eccles et al., 1983).

Value components/facets. There is recent empirical support
that subjective task value not only is defined by four compo-
nents but could be further characterized by multiple facets
within each major component (Trautwein et al., 2013). This
is similar to the Big Five personality factor structure, in
which each of the Big Five factors is represented by multiple
facets and each facet in turn is represented by multiple items
(Goldberg, 1992, 1999). But it is worth noting that these fac-
ets are merely a means to get at the Big Five factors (Costa
& McCrae, 1995; Goldberg, 1992, 1999). Thus, in this study,
37 items were used to measure a total of 10 facets, which
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form the four value components (see Table 1 for descriptive
statistics, sample items, and reliability of value scales).

Specifically, intrinsic value was measured by four items
and attainment value by 10 items tapping two facets (impor-
tance of achievement and personal importance; Eccles,
2009; Wigfield & Eccles, 1992). Utility value consisted of
12 items assessing the utility of different life domains from
a short-term (school, daily life, social life; Eccles et al.,
1983; Hulleman & Harackiewicz, 2009) as well as from a
long-term perspective (job, future life in general; Conley,
2012; Hulleman, Durik, Schweigert, & Harackiewicz,
2008). Cost was measured by 11 items tapping three facets
(opportunity cost, effort required, and emotional cost; Perez
etal., 2014; Wigfield & Eccles, 2002). For a detailed
description of the scales and the total set of items, see
Gaspard et al. (2015). All value items were measured with a
4-point Likert scale ranging from completely disagree to
completely agree. Scale reliabilities for value facets were
acceptable (see Table 1).

Self-concept. Math self-concept was assessed with five
items (e.g., “I am good at math”; see Appendix B in the sup-
plemental materials), each with a 4-point response format
ranging from completely disagree to completely agree. All
items were validated and came from the German adaptation
(Schwanzer, Trautwein, Liidtke, & Sydow, 2005) of the Self-
Description Questionnaire III (Marsh et al., 2004) as well as
from previous large-scale national studies (e.g., Marsh,
Trautwein, Liidtke, Koller, & Baumert, 2005). The reliabil-
ity of this scale was acceptable (Cronbach’s a.=.92).

Math achievement. A validated and comprehensive test
developed by the statewide school quality assurance agency
(Landesinstitut fiir Schulentwicklung) was utilized to mea-
sure math achievement. The math test is used to assess the
quality development of schools on an empirically estab-
lished, targeted, and systematic basis. To ensure reliable test-
ing and evaluation, this instrument comprises a balance of
closed, partially open, and open test item formats. The
official test results reported by the schools were used to
operationalize students’ math achievement.

Student self-reported effort. This scale consisted of six
items measuring students’ effort in math class as well as on
math tasks and homework (Organisation for Economic Co-
operation and Development, 2003; e.g., “I work hard in
math”; 1 = strongly disagree to 4 = strongly agree; see
Appendix B in supplemental materials). Reliability of this
scale was good (o= .81).

Teacher-rated engagement. This scale comprised two items
measuring students’ classroom engagement (“This student
participates in math lessons as well as he/she can”) and effort
expenditure on homework (“This student works on all of his/
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TABLE 1
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Sample Items, ICCs, Reliabilities, and Factor Loadings of Motivational Beliefs and Outcome Scales

Number Scale Loadings Loadings
Variable Sample items ofitems ICC  reliability = (Model SO-4V)  (Model SO-B-4V)
Intrinsic value (IV) Math is fun to me. 4 .07 94 — —
Attainment value (AV)
Importance of Good grades in math are very 4 .07 .88 .83 79
achievement important to me.
(ACH)
Personal Math is very important to me 6 .04 .83 1.00 .84
importance (PER) personally.
Utility value (UV)
Utility for school Being good at math pays off, because 2 .03 .52 .65 .39
(SCH) it is simply needed at school.
Utility for daily Understanding math has many 3 .06 .83 .83 75
life (DAI) benefits in my daily life.
Social utility (SOC) I can impress others with intimate 3 .05 .76 41 A1
knowledge in math.
Utility for job Good grades in math can be of great 2 .04 .68 .76 .63
(JOB) value to me later on.
General utility for I will often need math in my life. 2 .05 78 95 .99
future life (FUT)
Cost (CO)
Effort required Doing math is exhausting to me. 4 .04 .90 91 .84
(EFF)
Emotional cost Doing math makes me really 4 .04 .87 99 93
(EMO) nervous.
Opportunity cost I have to give up a lot to do well in 2 .02 .79 .68 .60
(OPP) math.
Self-concept I’'m good at math. 5 .03 92 — —
Self-reported effort I work hard in math. 6 15 .81 — —
Teacher-rated This student participates in math 2 .02 .50 — —

engagement

lessons as well as he/she can

Note. ICC = intraclass correlation; Model SO-4V = first-order bi-factor for four value components; Model SO-B-4V = second-order bi-factor for four value
components with 11 value facets.

her tasks and homework thoroughly”). We again used a Lik-
ert-type scale ranging from 1 = strongly disagree to 4 =

strongly agree.

Statistical Analyses

In the present study, all data analyses, confirmatory factor
analyses (CFAs), and SEMs were conducted with Mplus
7.11 (Muthén & Muthén, 1998-2014) using the robust maxi-
mum likelihood estimator. The LMS approach (Klein &
Moosbrugger, 2000) was utilized to model the latent interac-
tions between self-concept and task values in predicting the
three outcomes. The advantage of the LMS approach is that
it corrects for measurement error of latent constructs and
provides unbiased estimates of latent interaction effects.
Further, LMS represents non-normal distribution as a mix-
ture of conditionally normal distributions; thus, separate

indicators of the product terms (latent interaction) are not
required (Kelava et al., 2011).

Four value components: Higher-order structure. As empha-
sized earlier, the multiple facets of the four value compo-
nents are merely a means to an end. Although further
research into specific outcomes might identify the important
predictions specific to each of the 10 value facets, the focus
in the present investigation is on the four value components
originally posited by modern EVT (Eccles et al., 1983; Wig-
field & Eccles, 2000). In this respect, our focus is on second-
order factors representing the four value components rather
than on the first-order factors representing the 10 value fac-
ets. Thus, a second-order model was employed to define the
hierarchical representation of each value component from
multiple dimensions of value facets tapped by multiple items
(see Figure 1).
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FIGURE 1.
their acronym (see Table 1).

Bi-factor models provide a more flexible alternative, a
way of capturing the hierarchical and multidimensional
nature of task value (Chen, West, & Sousa, 2006; Reise,
2012). The assumption underlying the bi-factor models is
that an f~factor solution exists for a set of n items with one
global factor (G-factor) and f-1 domain-specific factor
(S-factor); the total covariance is partitioned into a G-factor
underlying all indicators and f-1 S-factors that reflect the
residual covariance not explained by the G-factor
(Gustafsson, & Balke, 1993; Holzinger & Swineford, 1937;
Morin, Arens, & Marsh, 2015; Mulaik & Quartetti, 1997).
This bi-factor specification is consistent with EVT, in which
task values might overlap with each other to a certain degree,
even though the four value components have emerged from
different theoretical perspectives and can be defined sepa-
rately (Eccles & Wigfield, 2002). These overlapping ele-
ments might reflect an overall sense of values students attach
to various tasks. Furthermore, as discussed above, these

Second-order confirmatory factor analysis models presenting the four value components. All value facets are labeled by

overlapping elements might lead to high correlations among
value components, which would make it difficult to isolate
and detect the unique contribution of each value component.
One of the key features of the bi-factor model is that the
residual S-factors typically are specified as uncorrelated
(orthogonal) to one another and with the G-factor (Chen
et al., 2006). This makes the bi-factor model particularly
useful for researchers to study the unique roles of a subset of
S-factors in predicting external variables, over and above the
general factors.

In this study, we integrated a second-order model and a
bi-factor model. More specifically, we applied an innovative
second-order bi-factor model that was uniquely suited not
only to capture hierarchical and multidimensional features
of task value but also to address the challenge of detecting
the unique contribution of value components. As illustrated
in Figure 1, in the second-order bi-factor model, the covari-
ance among value items is attributable to three major
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sources: (a) a global (general) value factor representing the
common variation shared by all 37 value items; (b) 10
domain-specific first-order factors based on value facets,
which represent the unique variances represented by each
facet that are independent of the global value factor; and (c)
second-order value factors representing the four value com-
ponents posited in EVT, which are the main focus of the
present investigation. In this model, the relations of global
task value to first-order value facets and second-order value
components were assumed to be orthogonal; the second-
order value components are directly represented as indepen-
dent factors. Hence, this allows us to test whether each value
component make a unique contribution to the prediction of
the three outcomes, over and above the global value.

Model fit indices. The comparative fit index (CFI), the root
mean square error of approximation (RMSEA), and the
Tucker-Lewis index (TLI) were used to determine the fit of
CFA models. Values greater than .95 and .90 for CFI and TLI
typically provide excellent and acceptable fits, respectively,
to the data (Hu & Bentler, 1999). RMSEA values of less than
.06 and .08 are considered to reflect good and acceptable
statistical fits, respectively (Marsh et al., 2004). Nonethe-
less, these fit statistics are not available for the SEM models
including latent interactions (Klein & Moosbrugger, 2000).
Akaike information criteria (AIC) and Bayes information
criteria (BIC) were utilized for model comparison in the
present study (e.g., Kelava etal., 2011; Pek, Losardo, &
Bauer, 2011). These indexes have the advantage that they
not only consider how well a model fits the data but also
reward more parsimonious models in contrast to more com-
plex models in which many parameters are estimated.
Smaller values of AIC and BIC indicate better fits to the data
(Kelava et al., 2011).

Hierarchical data structure and missing data. The data set has
a nested data structure in which students are nested within
schools and classes. To account for this nested structure, we
used the TYPE = COMPLEX with the CLUSTER and
STRATIFICATION options in Mplus to adjust the standard
errors. For the variables considered here, the percentage of
missing data was low (2.9% at maximum). Full information
maximum likelihood (FIML) estimation was used to cope with
the missing data. In FIML, the parameters of a statistical model
are estimated in the presence of missing data, and all of the
information of the observed data is used to inform the param-
eters’ values and standard errors (Enders, 2010).

Results

In order to test the hierarchical and multidimensional
nature of the value components, we employed two alterna-
tive models within the CFA framework: second-order mod-
els and bi-factor models. Following Gaspard et al. (2015),

we began by evaluating a series of CFAs based on second-
order models and examined intercorrelations among value
components, self-concept, and outcome variables.
Subsequently, we tested an innovative second-order bi-fac-
tor model that is uniquely suited to parsing the differential
patterns of predictive relations for different value beliefs.
Finally, a series of SEMs was conducted to explore the
unique predictive power of self-concept, value components,
and their interactions on math achievement, effort, and
engagement.

Second-Order CFA

For each value (except for intrinsic value), the models
differentiating value facets consistently yielded better fits to
the data, thus providing good support for the dimensionality
of value components (Models IV to CO2; see Table 2). To
further assess the separability of value components, we eval-
uated high-order CFAs. The second-order model (Model
SO-4V: CFI=.939, TLI=.934, RMSEA= .044; see Figure 1
and Appendix C in the supplemental materials; also see
Gaspard et al., 2015), where the four value components were
formed by 10 value facets, fitted the data much better than
did the first-order four-factor models (Model FO-4V: CFI=
.849, TLI=.838, RMSEA=.069). This finding demonstrates
the differentiation of value components into distinct facets
(see Gaspard et al., 2015, for further discussion).

Correlations among value beliefs, self-concept, and outcomes.
Based on Model FO-4V, latent correlations indicated that the
four value components were moderately or highly correlated,
ranging from .41 (utility value and low cost) to .77 (intrinsic
value and low cost). Math self-concept was moderately cor-
related with math attainment value (»= .55) and utility value
(r=.45) and more highly correlated with intrinsic value (r=
.80) and low cost (= .82; see Table 3).

Correlations between motivational beliefs and the three
outcomes were all statistically significant and positive (see
Appendix D in the supplemental materials for correlations
involving value facets). Specifically, achievement was more
highly correlated with self-concept, intrinsic value, and low
cost (r= .53, 46, and 42), and self-reported effort was more
highly correlated with attainment value (= .60). Correlations
of teacher-rated engagement to motivational beliefs are some-
what smaller (#= .16 to .32, M= 24). In line with prior studies
(Lee & Reeve, 2012; Skinner et al., 2008), the correlation
between self-reported effort and teacher-rated engagement was
moderate in size (r=.32), while both were significantly corre-
lated with achievement (= .18 and .36, respectively).

Second-Order Bi-Factor CFA

The second-order bi-factor CFA model (SO-B-4V; Table 2;
also see Figure 1) posits one global value, 10 first-order value
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TABLE 2
Model Fit Statistics for the Hypothesized CFA Models

Model Description x df CFI TLI ~ RMSEA
Value components (separated)
v Intrinsic value 3.41 2 1.000  .999 .019
AV1 Attainment value (1 factor) 404.55 34 0951 935 .076
AV2 Attainment value (2 factors) 140.63 33 0986  .981 .042
UVI Utility value (1 factor) 1,830.35 54 0.748 692 133
uv2 Utility value (4 factors) 174.34 44 0982 972 .040
COol1 Cost (1 factor) 1,301.96 44 0.869 836 124
CcO2 Cost (3 factors) 259.85 41 0977 969 .053
All value components (combined)
FO-4V First-order four value components 6,117.08 622  0.849 838 .069
SO-4V Second-order four value components (11 first-order factors)® 2,827.14 613 0939 934 .044
FO-B-4V First-order bi-factor four value components 4,397.09 580  0.895 .880 .059
SO-B-4V  Second-order bi-factor four value components (11 first-order factors)®  2,207.26 581  0.955 949 .039
All value components + self-concept + outcomes
ModelAl  Model SO-4V + self-concept + outcomes 4,859.10 1177 0929 923 .040
ModelB1 Model SO-B-4V + self-concept + outcomes 4,147.66 1142 0.942 935 .037

Note. CFA = confirmatory factor analysis; CFI = comparative fit index; TLI = Tucker-Lewis index; RMSEA = root mean square error of approximation.
“The first-order factors representing the facets of attainment value, utility value, and cost were set to load on a second-order factor representing the corre-
sponding value component. Given that there were no value facets for intrinsic value, it was still treated as a first-order factor and included in the second-order

factor model (see Gaspard et al., 2015).

TABLE 3

Intercorrelations Among Self-Concept, Value Components, and Outcomes

Variable 1 2 3 4 5 6 7

1. Self-concept —

2. Intrinsic value .80 (.02) —

3. Attainment value .55 (.02) 72 (.02) —

4. Utility value A45(.02) .57 (.02) 75 (.02) —

5. Low cost .82 (.01) .76 (.01) .50 (.02) A1 (.03) —

6. Achievement .53 (.02) 42 (.03) .27 (.03) .24 (.03) 46 (.02) —

7. Self-reported effort .30 (.03) 40 (.03) .60 (.03) .36 (.03) .25 (.03) .18 (.03) —

8. Teacher-rated engagement .32 (.04) .26 (.03) .23 (.04) .16 (.04) .25 (.03) .36 (.03) .30 (.03)

Note. For presentational purpose, the low cost scale was reverse coded. The correlation coefficients reported above were based on the second-order confir-

matory factor analysis model (Model SO-4V).

facet factors, and four second-order value factors. This model
provided a better fit to the data (CFI= .955; TLI= .949;
RMSEA= .039) than did second-order CFA model (Model
SO—4V).] In Model SO-B-4V, the global value factor was well
defined, with generally moderate loadings (|A|= .19 to .85,
M = .51; see Appendix D in the supplemental materials for
more details). Beyond this G-factor, the specific first-order
factors were also well defined, with largely moderate to strong
item loadings (JA|= .22 to .94, M = .57). The loadings on the
second-order factors were substantial for value facets (JA|=.39
t0.99, M =.73), except for the social utility facet. In summary,

Model SO-B-4V showed the four well-defined second-order
value components along with a global value factor, providing
good support for the hierarchical and multidimensional repre-
sentation of task value as posited in EVT.

Four value components: Unique contributions to outcomes.
What is the unique contribution of the four value components
and the global value factor to the prediction of our three outcome
variables? We tested the predictive effects of the four second-
order value components, self-concept, and the global value as
well as self-concept-by-value interactions on achievement,
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TABLE 4

Standardized Path Coefficients of Self-Concept, Value Components on Three Qutcomes Based on the Second-Order Bi-Factor Model

Predictor Model C1 Model C2 Model C3 Model C4
Achievement
Self-concept .53 (L02)*** A8 (.04)*** AT (L06)***
Intrinsic value 15 (.05)** .07 (.06) .07 (.05)
Attainment value .01 (.04) .01 (.03) .01 (.03)
Utility value .04 (.03) .05 (.03) .05 (.03)
Low cost .26 (.03)*** .09 (.04)* .09 (.04)*
Global value 38 (L03)*** .01 (.06)
Self-reported effort
Self-concept 32 (L03)*** .30 (L05)*** -.02(.11)
Intrinsic value 25 (.06)*** .20 (.08)* 25 (L06)***
Attainment value .58 (.03)*** 57 (.04)*** .58 (.04)***
Utility value .02 (.03) .03 (.04) .02 (.03)
Low cost .08 (.04) .02 (.05) .09 (.05)"
Global value .33 (.04)*** 35 (L10)***
Teacher-rated engagement
Self-concept 36 (L04)*** .29 (.05)*** 28 ((10)**
Intrinsic value 22 (.06)*** 18 (.07)* A8 (L07)**
Attainment value 23 (.04)*** 23 (.04)*** 23 (.04)**
Utility value .01 (.04) .01 (.04) .01 (.04)
Low cost 22 (L04)*** 12 (L05)* 13 (.06)*
Global value 23 (.04)*** .02 (.09)

p <10, %p < 05. **p < 01. #** p < 001,

self-reported effort, and teacher-rated engagement. We began
with the evaluation of a CFA model (Model B1) in which the
second-order bi-factor structure of the value components was
incorporated with self-concept and the three outcomes. This
model fitted the data well (e.g., CFI= .942; TLI= .935). It
should be noted that the bi-factor second-order model was
applied only to the set of 37 items assessing all value facets.
Thus, in Model B1, self-concept is allowed to correlate with
the four value components as well as with the global value,
whereas the value components are orthogonal to each other
and to the global value. Next, we evaluated a series of SEM
models (Models C1 through C4). In each of the models consid-
ered here, we included all variables, noting that a model with
all variables simply correlated is equivalent (in terms of
degrees of freedom and goodness of fit) to a model where
some of the correlations are represented as path coefficients.
Thus, for example, in a preliminary model (Model C1; see
Table 4), relations among self-concept and the three outcomes
were represented by paths, whereas all other relations were
represented as correlations. In the subsequent model, addi-
tional correlations were represented by appropriate paths in the
SEM. Using this approach, all the different models incorpo-
rated the same variables and resulted in the same model fit.
This strategy had important advantages for the comparison of
models based on different sets of variables that potentially

10

confound aspects of the measurement and structural models
(see Marsh et al., 2015, for further discussion).

As seen in Table 4, self-concept substantially predicted self-
rated effort, teacher-rated engagement, and in particular, aca-
demic achievement, without controlling for value beliefs (B=
.32, .36, and .53, respectively; see Model C1). Model C2, in
which the four value components were considered along with
the global value, intrinsic value, low cost, and global values
consistently predicted the three outcomes (f=.15 to .25, .08 to
.26, and .23 to .38, respectively). Attainment value had positive
predictive effects on engagement (B=.23) and, in particular, on
effort (3=.58) but not on achievement. However, the predictive
effects of utility value were nonsignificant for each of the out-
comes considered here after controlling for the global value.

The sizes of the path coefficients involving self-concept were
not altered when the four value components were also consid-
ered as predictors excluding global value (see Model C3).
However, the predictive effects of intrinsic value and low cost
became substantially smaller and even nonsignificant. Finally, in
the extended SEM model (Model C4), we included predictive
paths from global value to the three outcomes. The model results
in similar patterns for achievement and engagement with Model
C3. However, the predictive effect of self-concept on effort
became nonsignificant. Instead, global value substantially pre-
dicted effort (3= .35) but not achievement and engagement.
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TABLE 5

Standardized Path Coefficients of Self-Concept, Value Components, and Their Interactions on Three Outcomes Based on the Second-

Order Bi-Factor Model

Predictor Model D1 Model D2 Model D3 Model D4 Model D5
Achievement
Self-concept (SC) 52 (L05)*** .52 ((05)*** 52 (L05)*** 52 (L05)*** .50 (L06)***
Intrinsic value (IV) .02 (.06) .01 (.10) .00 (.06) .01 (.06) .05 (.06)
Attainment value (AV) —.01 (.03) —-.02 (.04) —-.03 (.03) —-.02 (.03) .01 (.03)
Utility value (UV) .05 (.03) .05 (.04) .05 (.03) .05 (.03) —-.06 (.03)
Low cost (LC) .09 (.04)* .09 (.04)* .09 (.04)* .09 (.04)* 13 (L04)*
Global value (GV) —.03 (.06) -.03 (.07) —-.02 (.05) —-.03 (.05) —-.01 (.05)
SC x IV —-.02 (.08)
SC x AV —-.04 (.02)
SC x UV —-.01 (.02)
SC x LC .10 (L03)**
SC x GV 15 (L02)*** 15 (L03)*** 15 (102)*** 15 ([02)*** 13 (L02)***
Self-reported effort
SC .03 (.12) .05 (.14) -.04 (.12) .04 (.12) .02 (.11)
I\Y 25 (L07)*** .26 (.08)*** 25 (.07)*** 25 (L07)*** 23 (.07)***
AV 57 (L04)*** 57 (.04)*** .58 (.04)*** 57 (L04)*** 57 (.04)***
uv .04 (.03) .04 (.03) .04 (.03) .04 (.03) .03 (.03)
LC .10 (.05)* .10 (.05)* .10 (.05)* .10 (.05)* 08 (.05) "
GV 29 (L12)* 28 ((13)* 29 ((11)** 29 ((11)** 30 (L10)**
SC x IV —-.02 (.06)
SC x AV .03 (.03)
SC x UV .03 (.03)
SCx LC .06 (.04)
SC x GV 10 (L03)*** A1 (L03)*** 10 (L03)*** .10 (L03)*** A1 (03)***
Teacher-rated engagement
SC 31 (.10)* 32 ((11)** 31 (.10)** 31 (. 10)** 30 (L10)***
1\Y% .16 (L07)* 16 (.07)* .15 (.06)* .16 (.06)* 17 (.07)*
AV 21 (L04)*** 21 (.04)*** 21 (.04)*** 21 (.04)*** 22 (.04)***
uv .01 (.04) .01 (.04) .01 (.03) .01 (.04) .01 (.04)
LC 12 (.05)* 12 (.06)* 12 (.05)* 12 (L05)* 13 (.05)*
GV —-.01 (.09) —-.02 (.09) —.01 (.08) —.01 (.08) —.01 (.08)
SC x IV .01 (.05)
SC x AV —-.02 (.03)
SC x UV .01 (.03)
SC x LC .02 (.03)
SC x GV .05 (.02)* .05 (.02)* .05 (.02)* .05 (.02)* .05 (.02)*

Tp <.10. *p <.05. ¥*p < .01. *** p <.001.

In summary, self-concept was more predictive of achieve-
ment, whereas value beliefs were more predictive of self-
rated effort. However, self-concept and value beliefs had
similar predictive effects on teacher-rated engagement.
More importantly, after partialing out the global value, the
findings showed differential patterns of predictive relations
to the three outcomes for the different value components.
Math achievement was more associated with low cost,
whereas self-rated effort was more associated with

attainment value. Intrinsic value, attainment value, and low
cost had uniquely predictive power on teacher-reported
engagement. However, utility value did not make a unique
contribution in predicting the three outcomes.

Predictive Effects of Self-Concept and Value Beliefs

To probe the interactive roles of self-concept and value
beliefs, we first added the interaction between self-concept

11

174



Chapter 8: Study 5
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FIGURE 2.  Response surface displays for the multiplicative effect of self-concept and task value on the three outcomes.

and global value along with all the predictive effects of the
four value components (see Model D1 in Table 5). We found
that the interaction model provided lower AIC and BIC than
that without interaction (Model D1 vs. Model C1; AAIC=
211; ABIC= 227; Aadjust-BIC = 218). Both models showed
similar patterns of path coefficients for the first-order effects.
To enhance the presentation, we provide graphical depic-
tions of the interaction effects (3-D response surface dis-
plays; Myers, Montgomery, & Anderson-Cook, 2009; see
Figure 2) using the RSA package (Schonbrodt, 2015) in R (R
Core Team, 2013). As is generally the case with interaction
effects, researchers are encouraged to plot the interactions in
order to better understand their nature. The type of 3-D plot
presented here has the added advantage of showing a scatter
plot, which allows researchers to evaluate the range of val-
ues under consideration. This is useful because the nature of
the interaction might not be relevant for very extreme values
outside of the range of values actually observed.
The results showed that the interaction between self-
concept and global value positively predicted achievement

12

(B= .15). The simple slope in Figure 2A shows that the
effects of self-concept on achievement are positive for all
levels of global value, whereas the sizes of this positive
simple effect vary substantially as a function of attainment
value. More specifically, two latent observations of each
student are represented on the surface display as one point;
the circle on the surface contains at most 50% of the data
points. The color of the surface indicates the level of
achievement (from dark red to dark green, indicating —1 SD
to +1 SD achievement), which is useful to identify the gra-
dient of the regression line. For instance, the regression
line of self-concept is relatively flat at —1.5 SD global
value, increasing in steepness with incremental global
value, and very steep at +1.5 SD global value. In other
words, the effect of self-concept is moderated by global
value: weaker with low value and substantially stronger
with high value. Figure 2A also demonstrates that the sim-
ple effects of global value varied as a function of self-con-
cept. The higher the self-concept, the more the global value

contributes to increasing achievement. This finding
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supports a synergistic relationship between self-concept
and value in predicting achievement. It should be noted
that slightly negative slopes for the effect of global value
on achievement are evident when self-concept is very low
(e.g., —1.5 SD self-concept).

For self-reported effort, the interaction effect between
self-concept and global value was statistically significant
(B=.10). The positive multiplicative relation between self-
concept and global value (Figure 2B) indicates that the
simple slope for the effect of self-concept on effort is rela-
tively small when global value is low (-1.5 SD) and
becomes more positive when global value is high (+1.5
SD). Figure 2C reveals a similar pattern of interaction
between self-concept and global value for teacher-rated
engagement, but the pattern is somewhat smaller (B=.05)
compared to that for achievement.

Subsequently, we added interactions between self-con-
cept and each value component to predict the three out-
comes. In this case, we examined only interaction effects
between self-concept and one value component at a time, in
addition to self-concept-by-global value interaction (Models
D2 through D5). However, only path coefficients from inter-
actions between self-concept and low cost to achievement
were statistically significant (B = .10; see Figure 2D). The
inclusion of additional interaction between self-concept and
specific value components did not alter the pattern of results
(see Table 5).

In summary, the interactions between self-concept and
global value were consistently found to be significant and
positive, thus providing support for synergistic relationships
in predicting the three outcomes. However, controlling for
interaction between self-concept and global value, interac-
tion between self-concept and specific value components
did not have additional predictive power except for self-con-
cept-by-low cost interaction on achievement.

Discussion

The current study is the first to evaluate the unique contri-
butions of self-concept and the four math value components
on academic achievement, self-rated effort, and teacher-
reported engagement. In line with a priori predictions, math
self-concept proved to be a relatively important predictor of
math achievement, whereas value components were more
strongly associated with self-reported effort. We extended
past research on the application of modern EVT by linking
motivation beliefs to teacher-reported outcomes, and the
findings indicate that self-concept and value beliefs emerged
as equally important predictors of academic engagement
assessed by teacher. More importantly, as expected, different
value components have differential contributions to the pre-
diction of the outcomes, particularly for effort and engage-
ment, over and above the global value factor. Furthermore,
we provided empirical evidence supporting synergistic

Expectancy-Value Interaction and Unique Prediction

interactions between self-concept and value in predicting the
achievement-related outcomes; this is consistent with mod-
ern EVT.

Unique Contributions of the Four Value
Components and Self-Concept

Controlling for self-concept and the global value factor,
only one of the specific value beliefs—low cost—signifi-
cantly predicted math achievement. For self-reported effort
and teacher-rated engagement, the predictive effects of the
four value factors differed substantially, thus supporting
their discriminant validity. Consistent with our expectations,
intrinsic value and low cost made unique contributions in
predicting engagement and effort. Interestingly, attainment
value plays a more important role in promoting students’
effort, over and above the global value factor. Indeed, mod-
ern EVT places great emphasis on the roles of both personal
and social identities that underlie attainment value over the
last decade (Eccles, 2009, 2011). Attainment value, relating
to how well the task helps students manifest their personal
needs and both their personal and their social identities,
becomes more salient for engagement by older students,
who have better-articulated identities (Eccles & Wang,
2012). However, utility value did not have unique predictive
power on the three outcomes. One potential explanation is
that utility value, referring to how useful a task is for fulfill-
ing students’ various short- and long-term goals, may be
more directly related to course work choices and enrollment
intentions (Eccles et al., 1999; Eccles, Vida, & Barber, 2004;
Guo, Parker, et al., 2015) as well as educational and career
aspirations (Durik et al., 2006; Watt et al., 2006, 2012).
These distinct patterns of results provide strong support for
the conceptual differentiation of task value components.

In contrast to self-rated effort, self-concept makes a sig-
nificant contribution to the prediction of teacher-reported
engagement, controlling for task values. One reason might
be that teacher-rated behavioral engagement is inherently
confounded by the teachers’ knowledge of students’ achieve-
ment, which is in turn highly associated with students’ self-
concept. Indeed, previous research has demonstrated that
teachers appear to use students’ performance- and ability-
based information to inform their inferences of engagement
(Givvin, Stipek, Salmon, & MacGyvers, 2001; Lee & Reeve,
2012; Skinner et al., 2008). However, it is important to keep
in mind that students’ prior achievement most likely also
affects students’ perceptions and, consequently, their behav-
ior. Thus, these possible confounding effects should be fur-
ther investigated in future research.

The Nature of the Multiplicative Relation

In this section we more carefully evaluate what consti-
tutes support for EVT when there is an expectancy-by-value

13
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Response surface display for synergistic and compensatory relations between academic self-concept and task value, based

on the hypothetical results. In regression equations containing an interaction term, simple slopes of simple regression equations, and the
status and interpretation of interaction (ordinal vs. disordinal), are unaffected by additive scales transformation. Thus, the hypothetical
plots presented in this section were independent of scaling (uncentered vs. centered; see Appendix E in the supplemental materials for
more discussion), it is important to note that the interactions in which two predictors (i.e., academic self-concept and task value) and
the outcome variable (i.e., achievement-related performance and choices) are considered as continuous latent variables. Only the linear
effects of both predictors are included in the hypothetical regression equations. ASC = academic self-concept.

interaction, clarify some apparent misconceptions in the
recent literature, and address these clarifications in relation
to the results of the present investigation. To do this, we pro-
vide a series of graphs of paradigmatic outcomes based on
hypothetical results—purely synergistic or compensatory
interactions with no first-order effects, or combinations of
positive first-order effects and various forms of expectancy-
by-value interactions (see Figure 3). These graphs and their
interpretation in relation to EVT express certain complexi-
ties apparently not identified in previous research.

Even with relatively simple models, the interaction
effects can be substantially different. Typically, synergistic
and compensatory relations predict the interaction between
two independent variables. The “pure” synergistic model
(i.e., positive interaction effect) with no first-order effects
indicates that individuals tend to choose and pursue a task
only when both academic self-concept and task value are
either high or low (Figure 3A). Conversely, the “pure” com-
pensatory model (i.e., negative interaction effect) with no
first-order effects indicates that to gain high achievement-
related outcomes, individuals need either high self-concept
coupled with low task value or vice versa (Figure 3E).
Likewise, synergistic and compensatory models with sub-
stantially smaller positive first-order effects are similar to
the “pure” models, in that the simple effects of self-concept
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(and task value) are negative for some levels of task value
(and self-concept; Figures 3B and 3F). We argue that these
forms of interaction would not be in line with modern EVT.
In particular, in contrast to suggestions by Nagengast et al.
(2011) and Trautwein et al. (2012), neither a purely syner-
gistic interaction (with no first-order effects) nor a result
dominated by a synergistic interaction is consistent with
EVT predictions. Nevertheless, it should be borne in mind
that in empirical settings, interaction effects are typically
small to moderate in size, resulting from the sparsity of cases
in extreme conditions (e.g., high self-concept coupled with
extremely low task value).

When the positive first-order effects are similar in size to
or stronger than the interaction effect, the synergistic model
shows that the outcome is especially high if individuals have
high self-concept and task value. These findings align with
modern EVT (see Figures 3C and 3D). Equivalently, this
finding indicates that the simple effect of self-concept is
stronger for individuals with higher task value and that the
simple effect of self-concept is substantially weak when task
value is extremely low and vice versa. In contrast, the corre-
sponding compensatory model indicates that self-concept has
a stronger positive simple effect on the outcome when task
value is lower; the simple effect of self-concept is substan-
tially weaker when task value is extremely high and vice
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versa (see Figures 3G and 3H). In other words, this finding
suggests that high self-concept can only partially compensate
for low task value to achieve the outcome (and vice versa),
particularly when the first-order effects are substantially
larger than the interaction effect. These forms of compensa-
tory interaction are also consistent with modern EVT. In sum,
when the size of the first-order effects is similar to (or sub-
stantially stronger than) the interaction effect, both synergis-
tic and compensatory interactions support modern EVT.

One of the central contributions of this study is its exami-
nation of the interaction effects of self-concept and task val-
ues in relation to the modern EVT model (Eccles, 2009). The
results show the synergistic interaction between self-concept
and global value, with stronger first-order effects on the
three outcomes. These findings provide clear evidence for
modern EVT predictions, suggesting that students tend to
gain high math achievement, to exert great effort, and to be
highly engaged only when both self-concept and task value
are relatively high. Interestingly, in addition to self-concept-
by-global-value interaction, a synergistic interaction is evi-
dentbetween self-concept and low cost for math achievement.
This suggests that students with high math self-concept are
unlikely to achieve academically if they ascribe a high level
of task cost to math in terms of time, effort, and energy. This
finding is in line with more recent empirical work on cost,
which suggests that cost is better conceived of as a modera-
tor variable for the relations between expectancy and
achievement-related behaviors, compared to other value
components (Barron & Hulleman, 2015; Flake et al., 2015).

In sum, the multiplicative relations between self-concept
and task value for all three outcomes are consistent with our
expectations and with modern EVT predictions, highlighting
the importance of taking expectancy-by-value interaction
into account in future EVT studies.’

Limitations, Strengths, and Implications

Some limitations should be considered when interpreting
the results. First, we focused only on self-concept and task
value in the domain of math in the present study. Further
examination of the associations between motivation beliefs
and achievement-related outcomes in other domains, across
diverse national/international samples, would be useful for
clarifying whether the current findings are replicable and
reflect a generalizable EVT prediction, particularly for the
multiplicative relation between self-concept and task
values.

Second, teacher-rated engagement was measured by two
items in this study: behavioral engagement in math lessons
and homework. However, academic engagement has been
assumed to be a multidimensional construct and in prior
studies was usually assessed by multiple items (Wang,
Willett, & Eccles, 2011). For example, engagement was con-
ceptualized by three features: behavioral, emotional, and

Expectancy-Value Interaction and Unique Prediction

cognitive (Skinner etal., 2008; Wang & Eccles, 2013).
Hence, further use of multidimensional measures of engage-
ment would provide a more nuanced understanding of asso-
ciations between motivational beliefs and these outcomes.

Third, as with previous studies (Nagengast et al., 2011;
Trautwein et al., 2012), we used the measure of self-concept
to address this substantive issue—expectancy-by-value
interaction—with theoretical and practical implications. A
worthwhile further study would be to tackle this issue on the
basis of the measure of expectancies of success.

Fourth, to keep the length of the questionnaire in balance,
only two items were used to measure two value facets: utility
for school and utility for job. This resulted in low reliability
(a= .52 and a=.68). Indeed, using short scales can under-
mine reliability as well as validity (see further discussion in
Gaspard et al., 2015). However, in this study, we mainly
focus on the major value components posited in modern
EVT. If the focus of subsequent research were on the value
facets, then the development of a more extensive instrument
with more refined items measuring different value facets
would be desirable.

Fifth, to evaluate the temporal ordering of the EVT con-
structs in relation to the achievement-related outcomes
implicit in the present investigation, there is a need for care-
fully constructed longitudinal panel studies and, perhaps, for
experimental interventions to better understand the causal
mechanisms. Additionally, because the study was based on
responses by Year 9 students in German academic-track
schools, future studies evaluating the generalizability of the
results to students who are younger, less able, in different
school types, and from other countries are warranted. For
example, it might be that younger, less able students in
untracked systems have less well-defined and less differenti-
ated values in relation to mathematics.

Finally, although the global value factor and the specific
value factors (i.e., the four value components) are well
defined in the second-order bi-factor model, the factor load-
ings of some value items on the global value are substan-
tially higher than those on the specific value facets. This
indicates that the global, overarching value factor may cap-
ture the essence of specific value facets, which would lead to
the value components losing predictive power on educa-
tional outcomes. Thus, it is important to replicate and extend
future research to evaluate factor structure of value beliefs
using bi-factor models.

Despite these limitations, this study makes significant
contributions to the existing research in a number of ways.
First, this study expands our understanding of the interplay
between self-concept and value beliefs in predicting aca-
demic behaviors and provides a heuristic guide for future
research and for intervention design. This finding of a syner-
gistic relation between self-concept and value beliefs implies
that isolated interventions that aim at strengthening one
component would be less effective at promoting academic
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performance, effort, and engagement. Rather, interventions
targeting the promotion of educational outcomes should
seek to enhance both self-concept and value beliefs. Second,
examining the unique contribution of each value component
advances our understanding of what value components lead
to gains in achievement, effort, and engagement. Importantly,
the distinctive patterns of value components in relation to
academic outcomes provide more specific suggestions for
intervention strategies. For example, perceived math attain-
ment was more highly associated with students’ effort, com-
pared to other value components. Our findings also have the
potential to contribute to the design of more specifically tar-
geted and nuanced student engagement programs.
Furthermore, the inclusion and distinguishing of self-
reported and teacher-rated effort enabled us to identify dif-
ferences in the pattern of predictions for these two outcomes.
Different patterns of results for student-rated effort and
teacher-reported engagement in our study also suggest the
importance of assessing both student and teacher percep-
tions to better understand actual levels of student academic
effort and engagement. In conclusion, we have provided a
comprehensive picture illuminating the differential roles of
motivational beliefs and their interaction with self-concept
in predicting achievement-related behaviors. The findings
underscore the importance of assessing the unique contribu-
tion of value beliefs and self-concept-by-value interaction,
which was much less emphasized in modern EVT.
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Notes

1. The first-order bi-factor confirmatory factor analysis model
(FO-B-4V), in which the factors represented one global value and
four first-order value components while ignoring the value facets
level, did not yield a satisfactory fit (e.g., comparative fit index=
.895; Tucker-Lewis index = .880). The results again support the dif-
ferentiation of value components into distinct facets.
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2. We note that inspection of Figure 2A suggests that global
value has a negative simple effect on achievement when self-con-
cept is very low. However, the simple slope test (Aiken & West,
1991; Cohen, Cohen, West, & Aiken, 2003) indicates that the
simple effect of global value on achievement was not statistically
significant for self-concept of —1.5 SD below the mean (= —.166,
SE= 121, p> .05). Thus, the plot of self-concept-by-global-value
interaction on achievement (Figure 2A) is a special case of the
hypothetical model (Figure 3D), in which self-concept is a domi-
nant predictor.
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Chapter 9: General Discussion and Conclusion

For the last three decades, research based on expectancy-value theory (EVT) has been
successful in explaining how expectancies and task values influence diverse achievement-
related outcomes, such as performance and choices in different subject domains (Eccles, 2009;
Eccles & Wigfield, 2002). Despite the fact that research on task values has increased, it still
lags far behind research on expectancy-related beliefs (e.g., academic self-concept [ASC])
(Wigfield et al., 2009). The aim of this thesis was to provide a comprehensive test of EVT and
its integration with ASC theory, particularly testing the combined effects of ASC, value
beliefs and their interactions on diverse achievement-related outcomes. To this end, five
empirical studies (see Table 9.1) using combinations of cross-sectional and longitudinal data
based on nationally representative samples were conducted as part of this thesis. First, the
findings of the five empirical studies were summarised and discussed within the EVT broader
research context. Second, some strengths, limitations and directions for future research were
addressed. Finally, implications for educational policy and practice were elaborated.

Summary of Findings: Studies 1 to 5

Study 1. Study 1 examined the relations among student background variables (SES
and gender), maths motivation (ASC and value), and maths achievement and aspirations
relying on three cohorts (1999, 2003, and 2007) from Hong Kong’s TIMSS dataset. The
results revealed that: (a) compensatory ASC-by-value interactions in which ASC was more
important for students with lower utility values in predicting the outcomes; (b) motivational
beliefs substantially mediated the relations between background variables and the outcomes;
(c) the relationships among SES, motivational beliefs, and the outcomes were not
substantially moderated by gender.

Study 2. Study 2 examined the directionality of the associations among cognitive
assets (IQ, academic achievement), motivational beliefs (academic ASC, intrinsic value, and
utility value), and educational and occupational aspirations over time from late adolescence
(Grade 10) into early adulthood (five years post-high school) based on a nationally
representative sample of U.S. boys (N = 2,213). The results revealed that: (a) ASC was a
stronger predictor of achievement and aspirations than task values; (b) by integrating REM
into EVT, ASC and intrinsic value had reciprocal effects with academic achievement, and
significantly predicted educational attainment; (¢) ASC in high school had stronger long-term
indirect effects on future occupational aspirations and educational attainment than did task

values and 1Q; (d) motivational beliefs partially mediated the associations between prior
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achievement and subsequent aspirations.'

Study 3. Study 3 explored individual and gender differences in maths motivational
beliefs as well as subsequent post-secondary choices based on a nationally representative
sample of 15-year-old Australian youths (N = 10,370). The results revealed that: (a) both
maths ASC and intrinsic value synergistically interacted in the prediction of advanced maths
course selection, matriculation results, entrance into university, and the selection of STEM
fields of study; (b) by integrating the I/E model into EVT, prior reading achievement had
negative effects on advanced maths course selection and STEM fields of study that were
mediated through maths-related motivational beliefs; and (c) gender differences in
educational outcomes were mediated by gender differences in motivational beliefs and prior
academic achievement, whereas the processes underlying choice of educational pathways
were similar for males and females.

Study 4. Study 4 tested new predictions about how ASC and task value (intrinsic
value and utility value) were related to students’ achievement and coursework aspirations in
relation to four science domains (physics, chemistry, earth science, and biology) based on
nationally representative samples of 18,047 Grade 8 students from four OECD countries. The
results revealed that: (a) ASC was a stronger predictor of achievement in the matching
domain than value beliefs, whereas intrinsic value was a stronger predictor of aspirations than
ASC; (b) the effects of achievement in one domain on ASC and intrinsic value were found to
be highly domain specific, whereas those based on utility value were less domain specific (i.e.,
more highly correlated across multiple science domains); (c¢) by integrating DCT into EVT,
achievement in each domain had a positive effect on ASC in the matching domain (e.g., paths
from physics achievement to physics ASC), but a negative effect in contrasting domains (e.g.,
paths from physics achievement to biology ASC); (d) a similar pattern of results was found
for the effects of ASC and intrinsic value on coursework aspirations (i.e., positive effects in
matching domains, negative effects in contrasting domains); (e) distinctive, synergistic ASC-
by-value interactions contributed to the prediction of coursework aspirations across the four
science domains; and (f) the results were consistent across the four OECD countries,
providing support for the robustness and generalisability of the findings.

Study 5. Study 5 examined the unique contributions of the four major value beliefs
and ASC on achievement, self-reported effort, and teacher-rated behavioural engagement in

maths based on a nationally representative sample of German 9" grade students (N = 1,978).

"It should be noted that latent interactions between ASC and value were not included in the above paper (study
2), given that the journal editors and reviewers suggested that this issue would bring another complication to an
already complex article. These additional results are reported in Appendix 2-F of the supplemental materials
related to study 2.
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Data analyses relied on a higher-order structure model of value beliefs using a newly
developed multifaceted instrument. The results revealed that: (a) ASC was more predictive of
achievement, whereas value beliefs were more predictive of self-rated efforts; (b) ASC and
value beliefs were equally important predictors of teacher-reported engagement; (c) among
the four value beliefs, achievement was more related to low cost, whereas effort was more
related to attainment value; and (d) latent interactions between ASC and value beliefs
synergistically predicted the three outcomes.

These five empirical studies are based on secondary data analyses of large scale
nationally representative samples. Secondary data analysis is defined as re-using and
repurposing initial datasets for solving new research questions and offering new insights into
theory (e.g., Kum & Ahalt, 2013). Although the items used in the five studies might be
initially designed to measure different motivational constructs, the analyses of these items
allowed for the development of reliable and valid measures of ASC and value beliefs. In
doing so, the generalisability of the results across countries and student cohorts, particularly
for the unique and combined effects of ASC and value beliefs, could be clearly assessed and
established. However, when comparing and contrasting the results across the five studies, it
should be borne in mind that in different studies ASC and value beliefs were assessed by
somewhat different items, even though they all possessed strong psychometric properties.

Discussion of General Findings
Unique predictions of ASC and value beliefs. Of particular importance in the thesis

was that the five empirical studies considered multiple value components together with ASC
to explore their unique contributions to the prediction of achievement-related outcomes (See
Table 9.1 for the overview of the five studies). In particular, study 5 was the first to evaluate
the unique roles that ASC and the four value components (intrinsic value, utility value,
attainment value, and cost) played in predicting educational outcomes. Note that study 2
focused on the effects of general ASC and value beliefs on general academic outcomes, such
as educational attainment and aspirations, whereas the other four studies drew on domain-
specific ASC and value beliefs across multiple subject domains. In this section, therefore, I
begin with a discussion of the findings in relation to domain-specific ASC and value beliefs,

followed by those based on general academic motivation beliefs in study 2.
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Table 9.1 An overview of the five empirical studies conducted in this thesis
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Study  Datasets (Date) Participants Subject Value Outcomes Covariates Approach for Unique features
components interaction
1 TIMSS Hong Kong G8 Maths Intrinsic (IV) Achievement Gender LMS a. Mediating role of
(1999, 2003, 2007) (N =13621) Utility (UV) General educational SES motivation
aspirations b. Gender and SES
effects
2 YIT (1966-1974; U.S. boys General Intrinsic (IV) Achievement N/A Unconstrained a. Integration of REM
post-high school (N=2,213) Utility (UV) Educational aspirations approach into EVT
transition) Occupational aspirations b. Long-term indirect
Educational attainment effects
3 LSAY (2003— Australian Maths Intrinsic (IV) Tertiary Entrance Rank  Gender LMS a. Integration of the I/E
2013; post-high 15-year-olds Utility (UV) Maths course selection ~ SES model and DCT into
school transition) (N =10,370) University entry School year EVT
STEM major selection b. Gender and SES
effects
4 TIMSS (2007) 4 OECD countries  Physics, Intrinsic (IV) Coursework aspirations ~ Achievement  Unconstrained a. Domain specificity for
G8 chemistry, Utility (UV) approach ASC and value
(N =18,047) earth science, b. Integration of DCT
biology into EVT
5 Moma (2014) German G9 Maths 4 value Maths achievement N/A LMS a. Unique predictive
(N =1,978) components Self-reported effort power for the four values
Teacher-rated b. Innovative bi-factor
engagement model (based on

multifaceted value
instrument)

Note. SES = socioeconomic status; LMS = the latent moderated structural equation approach; DCT = dimensional comparison theory; EVT = expectancy-
value theory; REM = reciprocal effects model; I/E model: internal/external frame-of-references model; TIMSS = Trends in International Mathematics and
Science Study; YIT = Youth in Transition study; LSAY = Longitudinal Study of Australian Youth; Moma = Motivation in Mathematics project.
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Domain-specific ASC and value beliefs. Consistent with a priori predictions, domain-
specific ASCs considered in all but study 2 were consistently found to be stronger predictors
of domain specific academic achievement, whereas value beliefs were more predictive of
educational and coursework aspirations (studies 1, 3, 4 and 5, see Table 9.1). However,
domain-specific ASC and value beliefs contributed equally to the prediction of academic
choices, such as senior high school maths course selections, university entry, and post-
secondary STEM major selections over and above prior achievement in terms of total effects,
even though value beliefs were more directly associated with these choices (study 3). Another
unique feature of the thesis was the juxtaposition of teacher-rated and self-reported outcomes
in study 5. The results demonstrated that value beliefs were stronger predictors of self-
reported academic effort, whereas ASC and value beliefs emerged as equally important
predictors of academic behavioural engagement as assessed by teachers. Therefore, the thesis
provided substantial evidence attesting that both ASC and value beliefs represent key
determinants of achievement-related outcomes.

Unique predictions of domain-specific value beliefs. In accordance with modern EVT,
different domain-specific value components played differential roles in predicting students’
achievement-related behaviours. The results showed that intrinsic value was more directly
associated with academic effort and engagement, whereas utility value was more directly
associated with post-secondary academic choices, such as university entry and STEM major
selection (studies 3 and 5). However, study 1 showed that utility value was more predictive of
general educational aspirations than intrinsic value, whereas in study 4 intrinsic value was
more predictive of coursework aspirations in a particular domain than utility value.
Theoretically, utility value refers to how useful a task is for facilitating an individual’s long-
range goals and helping an individual obtain long-range external rewards. High levels of
educational aspirations are closely linked to adolescents’ future occupation, later income, and
life quality, which seem to be more highly associated with utility value than with intrinsic
value. This finding was also in line with previous research (e.g., Watt et al., 2012).

Study 5 extended prior EVT research by capturing the multidimensional and
hierarchical nature of value beliefs (e.g., utility value was formed by three facets: utility for
school, daily life, and social life), which made it possible to extricate the unique contribution
of the four major value components (intrinsic value, utility value, attainment value, and cost)
to the prediction of achievement-related outcomes. More specifically, in study 5 an innovative
approach (i.e., bi-factor second-order measurement model) was applied to separate a global
(general) value from each of the four value components. The global value presented an

overall sense of value students attach to different academic tasks, which might lead to high
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correlations among the four value components (see subsequent discussion regarding

methodological contributions of the thesis).
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Figure 9.1 Effect sizes of path coefficients for self-concept and value beliefs in predicting

achievement-related outcomes across the five studies

Note. SC = self-concept; IV = intrinsic value; ACH = Achievement; Asp = Aspirations; Att =
Attainment; Edu = Educational; TER = Tertiary Entrance Rank. Vertical dash lines indicate the value
zero on the x-axis. Given that the effects of motivational beliefs on educational outcomes (e.g.,
educational achievement and career aspirations) are similar across waves in study 2, the effect sizes
presented in this figure are based on averaged standardised path coefficients.

Given that attainment value has often been combined with utility value (also called
importance value) (Simpkins et al, 2006; Watt et al., 2012) or with intrinsic value (Battle &
Wigfield, 2003) in previous EVT research, study 5 was one of the first to consider attainment
value along with other value components to explore their unique predictive power. The results
indicated that attainment value was an important predictor of students’ academic engagement
and, in particular, effort exertion (see Figure 9.1). Attainment value relates to how a given
task or activity fits with one’s personal identity (Eccles, 2009), and appeared to play a more
salient role in students’ engagement in secondary school, potentially because the emergence
of more well-articulated personal identities would guide students to explore activities which

were more directly linked to their identities (Eccles & Wang, 2012).
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Cost, as the least researched value component (Wigfield & Cambria, 2010), has
attracted growing attention in recent research literature (Barron & Hulleman, 2015; Perez et
al., 2014). Consistent with this recent work, study 5 found cost to be a negative predictor of
academic achievement and engagement while controlling for ASC and other value
components. This provided empirical evidence that cost captured motivational dynamics that
complemented competence beliefs and the positive valanced value components. Thus, for
example, these negative psychological costs may lead the students to not devote their time
and energy to a specific science subject, even when they have relatively high ASC and value
beliefs in the specific science subject.

Given three out of the five empirical studies conducted in this thesis focused on
domain-specific intrinsic value and utility value (studies 1, 3, and 4, see Table 9.1), it is
interesting to compare these studies with study 5 where all four value components are
considered. As noted earlier, utility value was found to be a significant predictor of all
educational outcomes, particularly for coursework and major choices and educational
aspirations, controlling for intrinsic value in studies 1, 3, and 4. However, utility value lost its
predictive power when attainment value and cost were also taken into account in study 5. One
possible theoretical explanation is that utility value, referring to how useful a task is for
fulfilling students’ various short- and long-term goals, is indeed more closely tied to
educational choices, intentions, and aspirations than academic engagement and effort exertion
(e.g., Eccles et al., 1999, 2004). More importantly, these findings suggest the need for caution
in interpreting the findings of the EVT empirical studies while only considering one or two
value components. It is imperative to include and differentiate all value components along
with ASC in one single predictive model to disentangle relationships between each
motivational belief (ASC and value beliefs) and achievement-related outcomes.

Unique predictions of general ASC and value beliefs. Study 2 examined the temporal
process linking general academic motivational beliefs with educational and occupational
outcomes, such as educational achievement, attainment, and aspirations, across the transition
into early adulthood. This study extended previous ASC research (Marsh & O’Mara, 2008,
2010), and showed that ASC was a key determinant of educational achievement and
attainment, even after controlling for 1Q, prior achievement, and value beliefs. However,
contrary to the findings based on domain-specific ASC and value beliefs, general ASC was
also a stronger predictor of educational and occupational aspirations than value beliefs over
time. It should be borne in mind that in study 2 the measure of general academic value beliefs
was substantially different from the measures of domain-specific value beliefs used in the

other studies. For instance, general academic intrinsic value was measured by multiple items
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in relation to how interesting and enjoyable learning at school was and how satisfied students
were with school in general, whereas domain-specific intrinsic value refers to the enjoyment
students gain in a specific subject domain. General academic value beliefs may not play such
a large role, as many youth know the importance of high attainment and high prestige
occupations for their later income and life quality (to be productive citizens) and are more
likely to have high educational and occupational aspirations when they expect to do well in
specific school subjects.

Furthermore, study 2 was one of the few studies to explore the long-term indirect
effects of cognitive and non-cognitive assets on educational attainment over an eight-year
span. Given the remarkable stability of ASC during the post-high school transition, ASC
coupled with high school achievement accounted for almost all of the association between 1Q
and educational attainment.

In summary, this thesis provided strong support for the proposition of modern EVT
that different value components had differential predictive effects on achievement-related
outcomes, by taking into account a broader range of outcome variables and multiple value
components. The thesis also extended prior ASC research and demonstrated that ASC, in
particular general ASC, played an important role in influencing not only educational
achievement and long-term attainment but also choice behaviours, such as coursework
selection and academic engagement.

Multiplicative relation between ASC and value beliefs. One of the central
contributions of the thesis was the examination of the multiplicative relation between ASC
and task value, which was the core proposition of classic EVT (Atkinson, 1957). More
specifically, the thesis extended relatively few empirical studies on the ASC-by-value
interaction (i.e., Trautwein et al., 2012; Nagengast et al., 2011) in several ways.

First, the thesis incorporated multiple value components when testing their interactive
relations with ASC. When one ASC-by-value interaction (e.g., ASC-by-intrinsic value
interaction or ASC-by-utility value interaction) was considered along with multiple domain-
specific value components and ASC, the results consistently revealed that the interactions
between ASC and task value significantly predicted achievement-related outcomes. It is worth
noting that study 4, incorporating a more multidimensional perspective, tested ASC-by-value
interactions for multiple science domains within the same model. Again, significant
interaction effects between ASC and task value were consistently found across domains.

However, when domain-specific ASC-by-intrinsic value interaction and ASC-by-
utility value interaction were considered simultaneously, one of the two interactions lost

predictive power on the outcomes (see Table 9.1). In contrast, the more parsimonious model
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(in which the paths leading from both types of interactions to the outcome were constrained to
be equal) was able to fit the data as well with a notable reduction in the size of the standard
errors. This was further indicative of multicollinearity when the two interaction terms were
considered as separate predictors (Marsh, Dowson, Pietsch, & Walker, 2004) (see further
discussion in study 4). The results for this model indicated that both types of latent interaction
positively predicted matching measures of aspirations, suggesting that they might make
similar contributions to the prediction of the achievement-related outcomes.

These finding were also in line with study 5, in which specific value components did
not significantly interact with ASC in predicting the outcomes (except for cost), while
controlling for the ASC-by-global value interaction. These results indicated that the ASC-by-
value interaction might be characterised by an interactive relation based on the overall sense
of value students attached to domain-specific tasks and ASC. Interestingly, in addition to
ASC-by-global value interaction, a significant interaction was evident between ASC and cost.
These results apparently reflect the fact that cost is the most distinctive of the various value
components. This finding was also consistent with more recent empirical work on cost, which
indicated that cost was better conceived as a moderator of the relations between ASC and
educational outcomes compared to other value components (Barron & Hulleman, 2015; Flake
et al., 2015).

Second, this thesis examined the longitudinal contributions of domain-specific ASC-
by-value to the predictions of long-term attainment and critical education choices during post-
high school transition. Study 3 provided longitudinal and strong evidence for the ASC-by-
value interactions in predicting the outcomes. In particular, the interaction effects of ASC and
value beliefs on post-secondary educational choices (i.e., STEM major selections and
university entry) were fully mediated through maths course selection and TER. In other words,
the indirect effect of maths ASC on university entry and STEM major selection, via TER and
maths course selection respectively, varied with the level of value beliefs.

Third, the thesis provided a more complete evaluation of the nature of expectancy-by-
value interactions in support of EVT, by juxtaposing the results of the five empirical studies
and recent literature. Consistent with recent studies of ASC-by-value interactions (Nagengast
et al., 2011; Trautwein et al., 2012), studies 3, 4, and 5 found a synergistic interaction
between domain-specific ASC and value beliefs, coupled with strong and positive main
effects, in predicting all achievement-related outcomes (see Table 9.1). This indicated that
high performance and choices of coursework or a major in a particular subject domain was
more likely to occur when students thought they exceled in the domain and valued it

relatively highly. This empirical evidence was consistent with modern EVT. In contrast, study
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1 showed a negative, compensatory relation between maths ASC and value beliefs in
predicting maths achievement and educational aspirations. More specifically, the
compensatory model indicated that task value had a stronger positive simple effect on the
outcomes when ASC was lower; the simple effect of task value became weaker when ASC
was extremely high and vice versa. In other words, ASC was more important for students
with lower utility values in predicting the outcomes. However, it was noteworthy that both
high ASC and high task value still led to higher outcomes, suggesting that high task value
could only partially compensate for low ASC to achieve the outcomes. Thus, this form of
compensatory interaction was also consistent with modern EVT. These findings imply that
whether the ASC-by-value interactions supports modern EVT cannot be summarised by
simply showing synergistic/compensatory interactions without taking into account the first-
order (main) effects. Rather, interpretation of interaction effects should always be based on a
graph of the results. The thesis provides empirical and theoretical evidence that compensatory
interactions are not necessarily inconsistent with EVT predictions, whereas synergistic
interactions are not necessarily consistent with EVT predictions (see study 5 for more details).
The results with respect to latent interaction based on domain-specific motivational
beliefs were inconsistent with those based on general academic motivational beliefs. Study 2
found that general ASC did not significantly interact with either intrinsic value or utility value
to predict general academic outcomes during post-high school transition, when two sets of
product variables were included simultaneously (ASC-by-intrinsic value and ASC-by-utility
value interactions). Nevertheless, supplemental analyses showed that when only the self-
concept-by-intrinsic value interaction was included, it positively predicted educational
achievement and aspirations across time (averaged effects; M =.091 and .060 respectively,
see Appendix 2-F in the supplementary materials), whereas the effects of this interaction on
educational attainment and occupational aspirations were non-significant. However, none of
the interaction effects was significant even when only ASC-by-utility value interactions were
considered along with the main effects of ASC and value. These findings indicated relatively
weak support for ASC-by-value interactions based on general academic motivational beliefs.
The reason might be that students had more stable perceptions of their academic ability during
late adolescence into early adulthood, and ASC was a predominant predictor of long-term
educational and occupational outcomes. In contrast, general academic task value was less
stable (averaged test-retest correlation: .375 for intrinsic value, .402 for utility value, and .779
for ASC) and played a smaller role in influencing long-term outcomes. This led to the loss of
predictive power for the ASC-by-value interactions on the outcomes during post-high school

transition.
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In summary, the thesis provided cross-sectional and longitudinal evidence that
domain-specific ASC and task value consistently interacted with each other to predict
educational outcomes. Both the synergistic and compensatory interactions revealed in this
thesis supported the modern EVT.

Integration of EVT and ASC theory. This thesis integrated three of the main
theoretical models of ASC (domain specificity, REM, I/E model) into EVT, and examined
how these models generalise to different components of task value with various achievement-
related outcomes.

Domain specificity. Compared to ASC, the factor structure of task value had not been
fully evaluated in relation to multiple dimensions and different subject domains, in particular
within science domains. In this thesis, evidence was found for the high domain specificity of
ASC and intrinsic value across maths, reading, and general science (in study 3) as well as
across four science subjects (physics, chemistry, earth science, and biology, in study 4). The
support for the domain specificity of utility value was much weaker, particularly across the
four science disciplines. These findings indicated that students were able to differentiate
different levels of ASC and interest across different academic subjects, whereas they were
less likely able to distinguish clearly between the usefulness of subject domains. Indeed,
utility or usefulness refers to how an activity relates to other plans the individual has, such as
taking an advanced physics course in order to get a job in a physics-intensive field. Studies 3
and 4 focused on Grade 8, or 15-year-old students, whose initial sense of exactly what skills
they will need later on in life in all likelihood is murky, particularly among the science
domains (Wigfield et al., 2009). Hence, the utility value of the different science domains
might be better differentiated among university students — particularly those majoring in
different science subjects.

Reciprocal effect model (REM). Consistent with a priori expectations, the significant
reciprocal effects between ASC and academic achievement were evident during post-high
school transition (study 2). Although the reciprocal association between intrinsic motivation
and academic achievement has been examined in the literature (e.g., Garon-Carrier et al.,
2015; Marsh et al., 2005; Pinxten et al., 2014), these studies drew on either a short time period
with only two time points or students in elementary school or early secondary school (i.e.,
Grade 7). These studies found relatively weak reciprocal effects between intrinsic value and
achievement, but this pattern of results disappeared when ASC was included.

Study 2 was among the first to test the reciprocal effects between task value and
achievement over a longer time span (eight years) during the critical transition into adulthood.

Study 2 provided strong evidence for reciprocal effects between intrinsic value and
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achievement, even controlling for ASC, utility value, and aspirations. The reason for these
apparent differences across studies may be that in the early school years, the learning
environment is highly structured and driven by school contingencies, such as mandatory
schedules and learning exercises. This may lead to an unfavourable context for intrinsic value
to influence subsequent learning behaviours. In contrast, intrinsic value may play a more
important role in later school years when the learning environment becomes less structured
(Koller et al., 2001).

However, there was no empirical evidence for reciprocal effects between utility value
and achievement, controlling for the positive effects of ASC and intrinsic value. It is
interesting to note that the supplemental analyses showed significant but relatively weak
reciprocal effects for utility value and achievement when ASC and intrinsic value were not
taken into account. One reason for the weak support for the REM in relation to utility value
might be that, although high utility value could lead to high achievement and high
achievement could lead to high utility value to some extent, students might become
extrinsically motivated when receiving poor marks because teachers or parents introduce
incentives, punishments, or other extrinsic contingencies in order to encourage better
performance (Corpus, McClintic-Gilbert & Hayenga, 2009). Thus, this thesis provides good
support for the REM in relation to ASC and intrinsic value, but not utility value.

I/E model and DCT. Modern EVT assumes that achievement-related choices are
influenced by intraindividual hierarchies of expectancies and task value, and emphasises that
it is important to examine the processes through which these intraindividual hierarchies
develop across different subjects (Eccles, 2009). Studies 3 and 4 integrated the I/E model with
its extension to DCT into modern EVT, and explored dimensional intra-individual
comparisons (internal frame of reference) in relation to ASC, intrinsic value, and utility value.

Consistent with a priori predictions, our findings provided clear support for DCT, in
that the paths from achievement to matching domain of ASC were substantially stronger than
the cross-paths from achievement to non-matching domains of ASC. More specifically, in
accordance with a priori verbal-mathematical continuum of academic domains, the contrast
effects were evident between maths and reading (i.e., negative effects of achievement in
reading on ASC in maths), whereas the assimilation effects were evident between maths and
science in study 2 (i.e., positive effects of achievement in science on ASC in maths). When a
narrower spectrum of the verbal-mathematical continuum that included only science subject
domains was investigated (study 5), the contrast effects were evident between physics and
biology which were separated by the greatest distance on the continuum. In addition, the

assimilation effects were evident between physics and chemistry as well as between chemistry
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and biology. Furthermore, study 4 was the first to incorporate earth science into DCT and
explore its location in the verbal-mathematical continuum. The assimilation effects between
earth science and other science subjects suggest that earth science should be located between
physics/chemistry and biology. Thus, these results provided new theoretical and substantive
support to the I/E model and DCT.

With respect to value beliefs, the pattern of results in support of the I/E and DCT
models was similar for ASC and intrinsic value. This finding indicated that when students
perceived school subjects to be similar (e.g., physics vs. chemistry), intrinsic motivation in
one domain was likely to generalise to the other domain, whereas when they perceived those
subjects to be distinct (maths vs. reading and physics vs. biology), high achievement in one
domain would lead to the waning of intrinsic value in the other domain. However, support for
the a priori predictions posited in DCT in relation to utility value was relatively weak. The
reason might be due to low domain specificity of utility value across academic domains,
which have been found to be associated with weak support for the I/E model (Xu, 2010).

DCT and achievement-related behaviours. Consistent with previous research (e.g.,
Nagy et al., 2006; Parker et al, 2012; Parker, Nagy et al., 2014), intraindividual cross-domain
comparisons proposed in DCT were useful for predicting achievement-related choices and
aspirations. For instance, study 4 showed that high ASC and intrinsic value in the physics
domain led to low coursework aspirations in biology, after controlling for physics ASC and
ability. Students who had high confidence and interest in physics were less likely to aspire to
engage in physics if they had even higher confidence and interest in biology. This suggests
that choices and aspirations in one academic domain depend not only on abilities, ASC, and
value beliefs in that domain, but also on relative abilities and motivation in other domains.

In summary, the thesis provided strong support for domain specificity, REM, and the
I/E model with its extension to DCT in relation to ASC. The results generalised well to
intrinsic value but relatively weakly to utility value.

Gender and family background (SES). The thesis investigated how gender and SES
influence achievement-related outcomes through motivational beliefs, but also mapped how
they moderated the relationships between EVT predictors and outcomes. Studies 1 and 3
provided a holistic view in order to accurately capture the influences of gender and family
posited in modern EVT.

Gender. Consistent with a priori predictions, males reported higher levels of maths
ASC, intrinsic value, and utility value. These gender differences in maths motivational beliefs
partially mediated gender imbalance in maths-related behaviours, such as the selection of

advanced maths course and STEM major (study 3). Similar indirect effects of gender through
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motivational beliefs were also found in study 1. These findings suggest that boys are likely to
have higher maths ASC and value beliefs, which leads to higher maths performance and a
greater likelihood of enrolling in maths-related courses and majors. However, it was
interesting to note that in study 1 girls tended to have higher maths achievement when girls
and boys have similar levels of motivational beliefs (the direct path from gender to maths
achievement controlling for movational beliefs). These direct effects were largely off-set by
the corresponding indirect effects. Taken together therefore, there was no gender difference in
maths achievement in terms of total effect.

With respect to the role of gender as a possible moderator, this thesis found that SES
was more strongly linked to educational aspirations for males in study 1, and academic
achievement was also more strongly associated with utility value for males in study 3.
However, all other relations based on the hypothesised model did not vary as a function of
gender. Given the relatively large sample size of both studies, the marginal effect sizes of
gender-differentiated patterns indicated little evidence that any of the effects were
substantially moderated by gender.

Despite maths-related motivation and choice behaviours in maths favouring males,
females were favoured in terms of general educational aspirations at high school and of
subsequent university enrolment (see study 1 and 3 for more details). These findings suggest
that future research covering motivational beliefs in the range of the academic continuum and
not just the maths-science end of it are needed.

SES. Consistent with a priori predictions and previous studies, SES positively
predicted achievement-related outcomes partially through its positive association with ASC
and value beliefs (Parker et al., 2012; Schoon & Polek, 2011). These results suggested that
children from a socially and economically disadvantaged background tend to have low
academic motivational beliefs, especially for maths and science, which in turn influences
subsequent educational choices (Eccles, 2009).

In summary, aligning with modern EVT, ASC and value beliefs played important
mediating roles between gender and SES, and achievement-related outcomes. Despite gender
differences in the mean level of maths motivational beliefs and educational outcomes, gender
did not largely moderate the relations between these factors.

The effects of gender and SES: From a cross-cultural perspective. EVT theorists
(Wigfield & Eccles, 2002; Wigfield et al., 2009) claimed that the modern EVT was originally
designed to explain a sociocultural phenomenon, in which cultural differences not only shape
the way education is valued but also the way in which self-beliefs are constructed and

encouraged. Thus, it is believed that the EVT model is particularly suited to a cultural
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analysis of motivation and activity choices. However, in extant EVT research, the role of
culture in students’ motivational dynamics has often been neglected. Drawing on different
cultural groups (Hong Kong, U. S., Australia, Germany, and four OECD

European countries [Czech Republic, Hungary, Slovenia, and Sweden]), the results in this
thesis provide strong support of the cross-cultural validity of the expectancy-value

models. Positive ASC and high value beliefs were universally and positively associated

with different kinds of academic engagement, choices, and achievement. These positive ASC
and value beliefs played important mediation roles between gender and SES, and
achievement-related outcomes.

However, several cross-cultural differences in the effects of gender and SES were
evident between Hong Kong and Australia. It was interesting to note that SES was more
substantially related to math utility value than intrinsic value based on Hong Kong students
(study 1), whereas the relations to SES were similar for math intrinsic value and utility value
based on Australian students (in study 3). A possible explanation might be that in cultures
characterized as collective (e.g., Hong Kong) utility value may reflect not just the usefulness
of the activity to the individual but also to one’s larger social group (Wigfield, Tonks, &
Eccles, 2004). And students tend to seek to maintain their parents’ class status (avoid
downward social mobility, Akerlof and Kranton, 2000). Thus, the Hong Kong students from
affluent families are more likely to place greater importance on educational success that helps
them fit into and contribute to their social group. Another possible explanation might be that
in Hong Kong, an extremely competitive society, the parents from affluent family may have a
deeper understanding of how important of educational success to achieve certain career goals.
They therefore are likely to communicate these beliefs to their children.

In addition, the results showed that Australian girls had lower math utility value than
boys while math was perceived as equally useful for boys and girls in Hong Kong. This may
be due to different educational systems. In Hong Kong, math is a compulsory subject for
students across secondary school and one of the main subjects in university entry examination,
whereas in Australia, math is not so and most students choose to study math because it was
prerequisite to certain university courses. Such differences would lead to Hong Kong girls
valuing math heavily even though they were, on average, less interested in math than boys.
These cross-cultural variations in socialization and gender-role processes underlying choice of
educational pathways indicate that more comparative studies in more diverse setting are

needed to advance our understanding of students’ choice behaviours.
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Strengths of This Thesis

This thesis made theoretical and methodological contributions to the existing research
in a number of ways.

Theoretical contributions. First, drawing on a multidimensional perspective of value
beliefs, the thesis provided new and additional support to modern EVT stating that different
value components along with ASC uniquely contributed to the prediction of achievement-
related outcomes. These results allow the gaining of novel insights about which aspects of
value beliefs are most salient, and thus potentially most effective, in enhancing the different
types of choices behaviours, particularly during crucial transition periods.

Second, the thesis probed multiplicative relations between ASC and value beliefs in
predicting achievement-related outcomes, which was the core proposition of classic EVT but
had rarely been addressed in empirical EVT research. Specifically, this thesis juxtaposed the
ASC-by-value interaction and critical features posited in modern EVT, such as multiple value
components, longitudinal predictions, and a large set of choice behaviours (see earlier
discussion). The consistency of the significant multiplicative effects between domain-specific
ASC and value beliefs across both cross-sectional and longitudinal studies considered in this
thesis added further support for the robustness of the expectancy-by-value interaction and
underscored the importance of taking it into account in future EVT studies.

Third, this thesis helped bridge gaps between large bodies of ASC and EVT research
by integrating three of the main theoretical models of ASC (domain specificity, REM, I/E
model) into EVT, providing new perspectives on each. Separately, constructs from each area
have been shown to be important predictors of educational outcomes, in concert they hold the
promise of providing a powerful and nuanced account of achievement-related outcomes.
Specifically, the thesis extended the theoretical models to school subject domains including
maths, reading, and science domains. In particular, the thesis included multiple science
domains — such as physics, chemistry, earth science, and biology — which have been
seldom included in previous ASC and EVT research. High domain specificity of motivational
beliefs as well as their distinctive relationship with achievement-related outcomes contributed
to evidence about the importance of differentiating and incorporating motivational beliefs
across academic domains.

Multiple domain-specific motivational beliefs and educational outcomes also allow
extending traditional tests of the I/E model and exploring theoretical predictions based on
DCT. Our findings supported the I/E model to confirm that students receive information from
two main sources to form their ASC: students systematically evaluate their abilities by

comparing difference subject domains (internal/dimensional comparison process), and they
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engage in social comparison with others as a way to judge their own abilities (external
comparison process). More importantly, our findings supported the crucial assumption of
DCT that student tend to make assimilating or contrasting dimensional comparisons, which
varies contingent upon how they perceive similarity of two or more domains. By integrating
the I/E model and DCT into EVT, the results suggested that the two main sources involving
achievement/ability comparison also significantly influence the development of students’
intrinsic value. However, the pattern of results for utility value was somewhat weaker. This
finding indicates that the formation of utility value may rely on other sources, for example,
cultural and parent subjective norms (Wigfield, Tonks, & Klauda, 2016). Put simply, parents
who value math are likely to communicate these beliefs to children as a way for children to
understand that math is important and useful, which can influence students’ own valuing of
math.

In addition, the thesis extended previous REM research and tested the reciprocal
effects of motivational beliefs and achievement over critical development periods. The
findings provided a better understanding of how to produce positive changes in achievement
and motivational beliefs across the secondary—post-secondary nexus.

Methodological contributions. This thesis also possesses methodological strengths
by using appropriate state-of-the-art statistical methodology. First, the thesis employed new
SEM techniques, such as the LMS approach (Klein & Moosbrugger, 2000) and the
unconstrained product indicator approach (Marsh et al., 2004), to model ASC-by-value
interactions based on large samples. In both approaches the measurement error of the latent
predictors is corrected and substantially reduced. This thesis also created more appropriate
tests of indirect effects of continuous and dichotomous variable for interaction effects (i.e.,
mediated interaction effects). Thus, this thesis provided a series of reliable tests on ASC-by-
value interaction, which had only been sparsely addressed in the EVT literature due mainly to
methodological limitations (e.g., Nagengast et al., 2011).

Second, all motivational constructs were measured by multiple items and possessed
strong psychometric properties. In order to properly model common measurement variance
controlling for item wording, the a priori correlated uniquenesses in relation to parallel and
negatively worded items were also included.

In particular, a newly developed multifaceted instrument was utilised to capture the
multidimensional and hierarchical nature of value beliefs in study 5. In this study, the very
high correlations among the four value constructs led to issues of multicollinearity that have
plagued previous research. In order to address this issue, an innovative higher-order bi-factor

model was applied. In this model, the total covariance was partitioned into a global (general)



Chapter 9: General Discussion and Conclusion 201
factor that reflected an overall sense of value task as well as four specific factors that reflected
major value components. Of particular importance was that in the bi-factor model the four
value components are specified as uncorrelated (orthogonal) to one another and with global
value. This made the bi-factor model uniquely suited to addressing the challenge of detecting
unique predictions of each value component and expectancy-by-value interaction, given
moderate and high correlations among the four value components.

In summary, this thesis reintroduced a long-standing, substantively important issue —
the omission of multiplicative relationships between expectancy and task value — and
extended the integration of substantive theories in ASC research to EVT. The state-of-the-art
research methods were used to tackle these complex issues. Therefore, this thesis represents
substantive-methodological synergy, applying new and evolving methodology to address
substantively important issues with theoretical and policy-practice implications for

researchers in achievement motivation.

Limitations and Directions for Future Research

Several limitations to this thesis, and some caveats, must be noted. First, this thesis
successfully integrated multiple theoretical models of ASC research into EVT and illustrate
that these ASC models generalized well to intrinsic value, and a less extent, to utility value.
However, the actual integration of ASC and EVT has yet to be fully tested. For example, big-
fish-little-pond-effect [BFLPE] model, another critical theoretical model of ASC, posited the
influence of social comparisons with students’ scholastic reference group. It indicates that
students within high achieving schools or classes develop a lower self-concept compared to
equally achieving students who compare their individual achievement with a low achieving
reference group. Parker et al. (2013) integrated the I/’E model and BFLPE model and showed
that social and dimensional comparisons influenced students” ASC independently of each
other, indicating both comparisons served different sources of information upon which
students can form their ASC. Relatively little empirical work, however, has examined BFLPE
in relation to value beliefs, particularly across multiple domains in addition to math and
verbal subjects (Trautwein, Liidtke, Marsh, Kéller, & Baumert, 2006; Schurtz, Pfost,
Nagengast, & Artelt, 2014). Although beyond the scope of this thesis, a fuller integration of
EVT and the BFLPE is clearly warranted.

Second, the formation of intraindividual hierarchies of ASCs and task values, which
was one of the key elements of EVT and of the I/E model with its extension to DCT, was
addressed in studies 3 and 4. However, neither of these studies additionally examined the

influence of internal comparison processes in the development of students’ motivational
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beliefs. Although study 3 was based on longitudinal data, all achievement and motivational
beliefs were based on a single wave of data. In particular, individual achievement and
motivational belief from the same wave of data would potentially confound the temporal
ordering of these variables (e.g., REM) and preclude tests of the stability of cross subject
paths over time. Indeed, how students contrast different subjects is likely to vary as a function
of age and year in school. For instance, university students, particularly for those majoring in
science, would be more capable of distinguishing physical and biological sciences in terms of
ASC and value beliefs than those in secondary school. Although beyond the scope of this
thesis, it might be anticipated that domain specificity and support for the internal comparison
(contrast) effects would increase with age and the extent to which the science courses are
taught as separate subjects. However, longitudinal research with multiple points of
measurement in relation to motivational beliefs, covering multiple age groups, school subjects
and schooling systems would be useful to clarify this issue.

Third, although this thesis employed longitudinal data in study 3, and particularly in
study 2 that allowed examining the temporal ordering of ASC and value beliefs in relation to
the outcome variables theorised by EVT, it was still not possible to systematically assess
whether the observed relations were causal in nature. There is a need for carefully constructed
longitudinal panel studies and, perhaps, for experimental interventions to better understand
the causal mechanisms underlying the associations between motivational beliefs and
achievement-related outcomes, particularly for ASC-by-value interaction.

Fourth, this thesis took variable-centred approaches to study motivational beliefs in
predicting achievement-related outcomes. Future studies could employ person-centred
approaches (e.g., latent profile analysis) (Vermunt & Magidson, 2002) to examine how
profiles of multidimensional motivational constructs influence students’ educational pathways
leading to different fields of study. Specifically, such techniques classify students into
homogenous groups with similar profiles across motivational beliefs and subject domains,
then relations between different established profiles and educational outcomes can be
examined. For example, having high levels of ASC in physics, chemistry and biology, and
ascribing a high value to them, could have a different impact on educational outcomes than
high physics and chemistry ASC and value, coupled with a low level of biology motivation
(Chow et al., 2012; Eccles, 2011). Relatedly, there is an implicit assumption in the extension
of the I/E model to DCT that the underlying maths-verbal continuum posited by Marsh (1990)
is consistent across all students — a variable-centred rationale. However, it is possible that the
placement of different academic domains might vary from student to student, more consistent

with the person-centred approach. Although beyond the scope of this thesis, there is need for
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more research evaluating the extent to which the placement of academic domains along the
continuum is consistent across students and how this influences tests of DCT (Marsh, Parker,
& Craven, 2015; Moller, Streblow, & Pholmann, 2006).

Fifth, the thesis mainly focused on two value components (intrinsic value and utility
value) out of the four value components (except for study 5). Given that different value
components play differential roles in predicting achievement-related behaviors (Eccles, 2009)
(also see study 5), future studies evaluating the generalisability of results across the four value
components are warranted.

In addition, the motivational beliefs were only measured by student self-reports in this
thesis. Although self-reports are an adequate means to assess students’ subjective value
beliefs (Wigfield & Cambria, 2010), future studies would benefit from considering alternative
measures of the four value components, such as teacher reports, observation measures or
student diary studies. The fine-grain analyses of the four value components would provide a
more nuanced understanding of the relationships between motivational beliefs and
achievement-related outcomes.

Finally, although domain-specific expectancy-by-value interactions have been
consistently demonstrated across the empirical studies included in this thesis, different forms
of interactions (synergistic vs. compensatory) were evident in different studies. Therefore, it
is important to replicate and extend future research, to evaluate the generalisability of the
results to students from different age groups, school types and countries. Relatedly, another
avenue for future research is to explore unique contributions of ASC, value beliefs and their
interactions on more distal outcomes in addition to achievement and choices, such as self-
regulated learning strategies (Chueng & Pomerantz, 2015) and achievement goals (Goetz,
Sticca, Pekrun, Kou, & Elliot, 2016).

Implications for Educational Policy and Practice

This thesis expanded previous research on EVT and ASC and provided a
comprehensive examination of both theories and a heuristic guide for future research and
intervention designs.

First, this thesis demonstrated distinctive patterns of relations between ASC and value
components, and a variety of achievement-related outcomes. These findings provided more
specific suggestions for intervention strategies. For instance, intrinsic value was more directly
associated with academic effort and engagement, whereas utility value was more directly
associated with post-secondary choices, such as STEM major selection and university entry.
This information potentially contributes to design more specifically targeted and nuanced

intervention on STEM retention.
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More importantly, the significant multiplicative effects between ASC and value
beliefs suggests that isolated interventions that aim at boosting either ASC or value beliefs
would be less effective at promoting education outcomes. Rather, interventions should seek to
enhance both ASC and value beliefs simultaneously. There were multidimensional education
interventions, such as the Concept-Oriented Reading Instruction (CORI) intervention by
Guthrie et al. (2000), the Motivation and Engagement Wheel by Martin (2008), and the
Emotional and Cognitive Aspects of Learning intervention (ECOLE) by Gldser-Zikuda et al.
(2005). These interventions targeted multiple aspects of the motivational processes, including
self-efficacy and competence (ASC), and value beliefs. For example, the CORI intervention
study helped to enable all students to experience success and enjoyment, and offered
personalised reading activities that also promote students’ attainment value in reading
(Guthrie, Wigfield, & VonSecker, 2000). More specifically, the observed synergistic ASC-
by-value interactions in studies 2 to 5 suggest that both dimensions of ASC and value beliefs
should be treated as equally important when the multidimensional intervention is applied.
However, the compensatory interaction revealed in study 1 suggests that more attention is
needed on strengthening ASC for students with a lower utility value.

Third, this thesis showed a high level of domain specificity for ASC and intrinsic
value, but also, to a lesser extent, for utility value. Of particular relevance was that high
domain specificity was evident for four science disciplines (i.e., physics, chemistry, earth
science, and biology). These findings suggest that interventions targeting general academic, or
even a general science, ASC and intrinsic value, might not be beneficial in promoting
students’ motivation in STEM areas. Indeed, students who have high overall intrinsic value
might still have very low intrinsic value in a particular domain, which would lead to poor
performance and opting out of that particular domain. Rather, intervention targeting domain-
specific motivational beliefs has been shown to be more effective to enhance students' ASC
and value beliefs (Hulleman & Harackiewicz, 2009; also see Harackiewicz et al., 2014, for a
review), which is also in line with the results from this thesis.

Fourth, the REM in relation to ASC and intrinsic value implies that academic
achievement, ASC, and intrinsic value are reciprocally related and mutually reinforcing.
Improved ASC and intrinsic value would lead to higher achievement (a self-enhancement
model), and improved achievement would lead to high ASC and intrinsic value (a skill
development model). For example, interventions targeting a specific ASC domain, with the
integration of self-enhancement and skill development, have been found to effectively
promote ASC in that domain (O’Mara, Marsh, Craven, & Debus, 2006). However, if teachers

boost students” ASC and intrinsic value without simultaneously promoting their academic
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achievement in the same domain, then observed growth in ASC and intrinsic value might be
ephemeral. Likewise, if teachers boost students’ achievement without improving ASC and
intrinsic value, the observed increase in achievement might not be longstanding. Thus, the
reciprocal effects of ASC and intrinsic value with academic achievement shown in the results
suggest that one of the most effective strategies is to improve both ASC and intrinsic value
along with achievement simultaneously. However, teachers are not particularly effective at
enhancing ASCs, particularly at the secondary level, where an increasing emphasis on getting
good marks on standardised tests might not be supportive of positive ASCs (Marsh et al., in
review).

Fifth, the thesis revealed contrasting relationships between maths and verbal domain
as well as physics and biology for ASC and intrinsic value. It suggests that an intervention
targeting ASC and interest in maths might lower ASC or interest in verbal domains. Such
negative side effects have been found in a recent intervention study focusing on task value
(Gaspard et al., 2015). Based on a large sample of German Grade 9 students, Gaspard et al.
(2015b) showed that a maths intervention on utility value effectively promoted students’
intrinsic value, attainment value, and utility value in maths, but it had a negative effect on
values in German.

One way to resolve this dilemma might be to build connections between school
subjects in curriculum development. It would help to foster and reinforce students’ general
ASC and motivation in learning across all academic subjects, rather than only in the few
subjects in which they perform better (see Woolley, Rose, Orthner, Akos, & Jones-Sanpei,
2013). Furthermore, teachers and parents appear to perceive students’ ASCs as domain-
transcending, and believe that ASCs in different domains primarily depend on external
comparison processes rather than on internal comparison processes (Marsh, 1993). More
simply, if students are good at maths, they are also likely to be perceived as good in the verbal
domain by teachers and parents. Thus, teachers and parents should be aware of the formation
of ASC and value beliefs in relation to the process posited in the I/E model and DCT, and
reinforce the complementarity of different subjects to undermine the negative contrast effects.

Conversely, the contrasting comparison between maths and reading as well as between
physics and biology may be one of the critical factors contributing to substantial
underrepresentation of women in the fields of physics, science, mathematics, engineering, and
computer technology (hereafter PME) but not biological and medical sciences. Thus, if the
ultimate goal is to engage females to pursue careers in the fields of PME, intervention
targeting physics ASCs and intrinsic value would be beneficial for females. The assimilation

effects on physics motivation as well as the contrast effects on biology affect intraindividual
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comparison between physics and biology, which would help push students into PME fields
(Eccles & Wang, 2015; Parker et al., 2012; Parker, Nagy et al., 2014).
Conclusion

In conclusion, this thesis offers five empirical studies to provide a rather
comprehensive picture and to expand understanding of how ASC interact with task value to
influence achievement-related outcomes. One important conclusion of this study is that to
achieve high academic performance and pursue coursework in a particular subject domain,
both ASC and value beliefs need to be relatively high in that domain. In addition, the thesis
provided strong support for the theoretical claim that different value components and ASC
have differential predictive effects on diverse achievement-related outcomes. In addition, by
integration of ASC and EVT research, our findings contribute to evidence about the
importance of differentiating and incorporating motivational beliefs across academic domains,
and shed further light on the critical roles played by reciprocal effects and internal comparison

processes in shaping education pathways to different fields of study.
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Appendix 1-A
Hong Kong context

In Hong Kong, as a former British colony, schools have long adopted English as the
medium of instruction (MOI). However, after the political handover, the Instruction Guidance
for Secondary Schools policy was implemented in 1998 and imposed that all secondary
schools adopt Chinese as the MOI. Although the Guidance allowed individual schools to
apply for using English as MOI if they could get through the assessment of instructional
efficacy, the numbers of English-MOI schools substantially decreased from around ninety
percent to only a quarter of secondary schools (Tsang, 2004). Marsh and colleagues (Marsh,
Hau, & Kong, 2000; 2002) demonstrated that the effects of using a second language MOI
(English rather than Chinese) were somewhat positive on English proficiency but negative for
academic achievement and self-concept relating other school subjects based on a large Hong
Kong sample. However, these two studies were carried out before the change of sovereignty
when schools could freely choose English or Chinese as MOI. Recent qualitative studies
reported that in science lessons using a Chinese-MOI, abstract scientific concepts were easier
to connect to real-life examples for teachers, which in turn had a positive influence on
students’ self-concept and enjoyment in science (Ng, Tsui, & Marton, 2001; Yip, Coyle, &
Tsang, 2007).

Further, before the handover of sovereignty, the maths curriculum was a product of the
late 70s, and there were no fundamental changes to the maths curriculum development until
the Target Oriented Curriculum (TOC) was put on the agenda in 1998 (Wong & Tang, 2012).
Based on TOC, new syllabuses for secondary maths were implemented in 1999 (Curriculum
Development Council, 1999). Due to the influence of the Confucian Heritage Culture (CHC)
and the achievement orientation of the Chinese culture, Hong Kong students’ intrinsic
motivation was dominated by extrinsic themes (e.g., studying hard to meet the expectations of
their parents; Leung, 2006). As a result, rote memorization and meaningless over-drilling are
often used in maths learning and even teaching (Wong, 1994). In the new maths curriculum,
students’ affect and confidence and high-order thinking abilities were the major concern
through the application of new technologies, the enhancement of ability rather than skill, more
attention to individual differences, etc. (for more discussion see Education Commission, 2000;
Curriculum Development Council, 2001). In addition, a new information technology
curriculum was applied in 1999. This new curriculum assumed that flexible modes of
organizing study content might promote student positive attitude toward maths (Curriculum

Development Council, 2001).Overall, the education environment was dramatically changed in
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terms of implementation of new educational policies and curricula. These two substantially
different education environments between before and after the handover of sovereignty
provide an opportunity to test the robustness of the effects of expectancy and value on
education outcomes.

With regard to gender differences in maths, a 2010 meta-analysis based on two major
international datasets, the TIMSS 2003 and the PISA 2003, found that gender differences in
maths achievement in Hong Kong students of 14-16 years of age were very small (d = -0.03
in TIMSS; d = 0.04 in PISA; (Else-Quest, et al., 2010). Nonetheless, boys reported more
positive maths self-concept and affect in both datasets (d = 0.43 in TIMSS, d = 0.24 in PISA
for self-concept; d = 0.19 in TIMSS, d = 0.12 in PISA for affect; (Else-Quest, et al., 2010). In
addition, gender differences in educational attainment have substantially changed from 1997
to 2007. The percentage of girls enrolled in higher education programs at undergraduate level
has steadily increased from 49.6% in 1997 to 53.0% in 2007 (Census and Statistics
Department, 2007). Similarly, the proportion of girls enrolled in research postgraduate study
underwent a notable increase—from 29.5% to 42.2%. Thus, by 2007, significantly more girls
than boys were enrolled in university study (54.1% vs. 45.9%; Census and Statistics
Department, 2007); this is in line with studies conducted in Western countries (OECD, 2007;
Goldin, Katz, & Kuziemko, 2006). However, these crucial changes have received little

attention in research of students’ educational outcomes and aspiration.

25 .. . . .
Positive values ford represent higher scores for males than females, whereas negative values represent higher scores for females.
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The result of Confirmatory Factor Analysis

Table B1 Model Fit Statistics for the total-group CFA Models

Appendix 1-B
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Model

2007:CFA
2003:CFA
1999:CFA

2

X df

1526.877 283
1911.819 254
3193.741 499

RMSEA CFI

TLI

962
974
917
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Table B2 A priori factor structure and reliability relating timss2007 items used in this

study
Latent Factor . Response Reliabilit
Variable loading Item wording (Code) codg ’
) I enjoy learning maths
Mat.hematlcs 881 (MIV1) 1 (disagree a lot) to
1111/tlr11{11510 value  c7¢ Maths is boring(MIVn2)* 4 (agree a lot) 863
( ) 930 I like maths (MIV3)
765 I usually do well in maths
' (MSC1)
Maths is more difficult for me .808
Maths self- 331 than for other (MSCn2)* 1 (disagree a lot) to
concept .
(MSC) 639 Maths is not one ofa my 4 (agree a lot)
strengths (MSCn3)
822 I learn things quickly in maths
) (MSC4)
I think learning maths will
613 help me in my daily life
MUV1)
Maths utility I need to do well in maths to 1 (disagree a lot) to 816
value MUV)  .614 get into the university of my 4 (agree a lot)
choice (MUV2)
233 I need maths to learn other
' school subjects (MUV3)
825 I need to do well in maths to
' get the job I want (MUV4)
The highest level of education
Family 819 of your mother (SES1) (légio)SChOOD to7
. . The highest level of education 707
socioeconomic .760 of your father (SES2)
status (SES) 1 (no books) to 5
520 Abou‘F how many books were (>200 books)
there in your home? (SES3)
929 Algebra (BSMALG)
Maths 887 Data & Chance (BSMDAT) 958
achievement 923 Number (BSMNUM) ‘
967 Geometry (BSMGEO)
1 (finish <ISCED
3>);2 finish <
Educational ISCED 4 >;3 finish
aspirations 900 How far do you expect to go < ISCED 5b>; 4 810
(ASP) in school? (ASP1) finish <ISCED 5a,

first degree>; 5
beyond < ISCED
5a, first degree>"

Note.*These negatively worded items were reverse-scored. ® ISCED 3: Upper secondary
school; ISCED 4: Post-secondary non-tertiary education; ISCED 5: Tertiary education (first
stage) includes tertiary programs with academic orientation (type A) or with an occupational

orientation (type B).
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Table B3 A priori factor structure and reliability relating timss2003 items used in this

study
Latent Factor . Response Reliability
Variable loading ltem wording(Code) codg
VMa?ltllés (i\r/lltlr\l]n)sw .881 I enjoy learning maths (MIV1) (laf;lesjirﬁi)a lot) to 4 776
743 I usually do well in maths
' (MSC1)
646 Maths is more difficult for me 786
Maths self- ' than for other (MSCn2)* 1 (disagree a lot) to 4 '
concept (MSC) 723 Maths is not one of my (agree a lot)
' strengths (MSC3n)*
203 I learn things quickly in maths
) (MSC4)
621 I think learning maths will help
' me in my daily life (MUV1)
Maths utility ! ne.ed to do w;:ll 1n.maths to 1 (disagree a lot) to 4
value (MUV) .661 get .1nt0 the university of my (agree a lo) 772
choice (MUV2)
721 I need maths to learn other
' school subjects (MUV3)
207 I need to do well in maths to
' get the job I want (MUV4)
The highest level of education
786 f your mother (SES1)
Family ol your mothe . 1 (noschool) to 7
Socioeconomic .772 The highest level of education (Uni): 1 (no books) to 739
status (SES) of your father (SES2) 5 (>200 books)
555 Abou‘F how many books were
) there in your home? (SES3)
918 Algebra (BSMALG)
.856 Data & Probability (BSMDAT) 958
Maths .
achievement 967 Fractions & Numbers
(BSMNUM)
919 Geometry (BSMGEO)
946 Measurement (BSMMEA)
1 (finish <ISCED
3>);2 finish < ISCED
Educational How far do you expect to go in 4 >:3 finish < ISCED
aspirations 900 school? (ASP1) 5b>; 4 finish < ISCED .810
(ASP) ' 5a, first degree>; 5

beyond < ISCED 5a,
first degree>"

Note.*These negatively worded items were reverse-scored. ° ISCED 3: Upper secondary school;
ISCED 4: Post-secondary non-tertiary education; ISCED 5: Tertiary education (first stage) includes
tertiary programs with academic orientation (type A) or with an occupational orientation (type 5).
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Table B4 A priori factor structure and reliability relating timss1999 items used in this

study
I\J/ztrei);llgle IEZflti?lfg Item wording(Code) Response code Reliability
.829 I enjoy learning maths (MIV1)
708 Maths is boring® (MIVn2)
Maths intrinsic 663 Ilike n'1at'hs (MIV3) ' 1 (disagree a lot) to 4 782
value (MIV) 695 Maths is important to everyone’s life (agree a lot)
’ MIV4)
667 I would like a job that involved using
' maths (MIV5)
667 I would like maths much more if it
' were not so difficult® (MSCnl)
Although I do my best, maths is more
740 difficult for me than for
others®(MSCn2)
Maths self- [ am just not talented in maths® 1 (disagree a lot) to 4 172
concept 709
(MSC) (MSCr.13) (agree a lot)
Sometimes when I do not understand a
.590 new topic initially, I know that I will
never really understand it* (MSCn4)
796 Maths is not one of my strengths®
' (MSCn5)
630 I need to do well in maths to get the
' job I want (MUV1)
577 I need to do well in maths to please
Maths utility ' my parents (MUV2) 1 (disagree a lot) to 4
value (MUV) 792 I need to do well in maths to get into (agree a lot) 763
' the school I prefer (MUV3)
610 I need to do well in maths to please
' myself (MUV4)
The highest level of education of your
. 733 mother (SES1) .
Fanply . The highest level of education of your I'(noschool) to 7 (Uni): 740
Socioeconomic .785 1 (no books) to 5 (>200
status (SES) father (SES2) _ books)
456 About how many books were there in
' your home (SES3)
769 Algebra (BSMALG)
579 Data & Probability (BSMDAT)
Maths 826 Fraction & Number (BSMNUM) 821
achievement
595 Geometry (BSMGEO)
741 Measurement (BSMMEA)
1 (finish <ISCED 3>);2
finish < ISCED 4 >;3
Educational How far do you expect o go in finish < ISCED 5b>; 4
aspirations .900 school? (ASP1) finish < ISCED 5a, first .810
(ASP) ) degree>; 5 beyond <

ISCED 5a, first
degree>"

Note."These negatively worded items were reverse-scored. "ISCED 3: Upper secondary school; ISCED
4: Post-secondary non-tertiary education; ISCED 5: Tertiary education (first stage), includes tertiary
programs with academic orientation (type A) or with an occupational orientation (type 5).
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Appendix 1-C

Calculation of effect size
The fixed-effects model was used to compute the weighted mean effect size and standard

errors. Each effect size was weighted by the inverse variance of its standard error (see Hox,
2010; Lipsey & Wilson, 2001).

The inverse variance weight w = 1/standard error (SE)?. Mean of effect size

(1

= _ 2w XxES)

S - ‘ 595—5 = J
Iw . The standard error of the mean effect size
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Appendix 1-D
Correlation matrix for the latent variables

Table D1 Estimated correlation matrix for the latent variables (mean effect size and standard error)

MSC MIV MUV SES Gender ACH ASP

Motivation factors

MSC 1.000

MIV 0.772 1.000
(.019)

MUV  0.361 0.435 (.021) 1.000
(.016)

Background variables

SES 0.095 0.068 (.015) 0.157 (.014) 1.000
(.016)

gender 0.212 0.146 (.012)  0.040 (.013) 0.033(.023) 1.000
(.013)

Outcome variables

ACH 0.434 0.382 (.021)  0.205 (.018) 0.230(.028) -.022 (.023) 1.000
(.018)

ASP 0.192 0.201 (.015) 0.358 (.016) 0.360 (.019) -.086 (.017) 0.432(.030) 1.000
(.014)

Note. Gender was coded 1 for female and 2 for male. All correlations greater than 0.04 or less than -0.04 are statistically significant (p<0.05).MSC = maths
self-concept; MIV = maths intrinsic value; MUV = maths utility value; SES = socioeconomic status; ACH = maths achievement; ASP = educational aspiration.
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Table D2 Estimated correlation matrix for the latent variables in different cohorts

MSC MIV MUV SES gender ACH ASP

1999

Motivation factors

MSC 1.000

MIV 0.762 (.044) 1.000

MUV 0.358 (.021)  0.350 (.03) 1.000

Background variables

SES 0.087 (.027)  0.092 (.025) 0.173 (.023) 1.000

Gender 0.149 (.024)  0.190 (.022) 0.032 (.020) 0.035 (.041) 1.000

Outcome variables

ACH 0.474 (.049)  0.398 (0.04) 0.15 (0.025) 0.229 (.047) .007 (.048) 1.000

ASP 0.216 (.027)  0.209 (.026) 0.332 (.024) 0.354 (.031) -.123 (.032) 0.480 (.058) 1.000
2003

Motivation factors

MSC 1.000

MIV 0.782 (.026) 1.000

MUV 0.355(.031)  0.535(.039) 1.000

Background variables

SES 0.083 (.024)  0.043 (.023) 0.138 (.02) 1.000

Gender 0.238 (.022)  0.138 (.02) 0.049 (.023) 0.038 (.040) 1.000

Outcome variables

ACH 0.437 (.026)  0.368 (.033) 0.264 (.033) 0.207 (.047) -.005 (.035) 1.000

ASP 0.176 (.020)  0.199 (.024) 0.396 (.027) 0.343 (.033) -.055 (.026) 0.395 (.050) 1.000
2007

Motivation factors

MSC 1.000

MIV 0.768 (.034) 1.000

MUV 0.377 (.038)  0.492 (.045) 1.000

Background variables

SES 0.128 (.032)  0.079 (.033) 0.174 (.033) 1.000

Gender 0.238 (.022)  0.109 (.023) 0.040 (.023) 0.027 (.041) 1.000

Outcome variables

ACH 0.414 (.030)  0.387 (.037) 0.282 (.047) 0.257 (.05) -.051 (.039) 1.000

ASP 0.199 (.028)  0.195 (.027) 0.348 (.039) 0.390 (.038) -.095 (.029) 0.432 (.049) 1.000

243

Note. Gender was coded 1 for female and 2 for male. All correlations greater than 0.04 or less than -0.04 are statistically significant (p<0.05).MSC = maths
self-concept; MIV = maths intrinsic value; MUV = maths utility value; SES = socioeconomic status; ACH = maths achievement; ASP = educational aspiration
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Appendix 1-E
The link among background variables, motivational beliefs and outcome variable

As shown in Table E1 and E2, gender was a positive predictor of self-concept (M ES
=.223, SE = .013), and intrinsic value (M ES = .138, SE = .013), while the direct path from
gender to utility value was not statistically significant when SES was controlled. This finding
indicates that boys tend to have high maths self-concept and intrinsic value rather than utility
value, which is in line with previous studies in Western countries about gender stereotypes
(Wigfield & Eccles, 2002; Watt et al., 2012). Align with prior research and EVT theory
(Eccles, 2009; Nagy et al., 2006), gender had a predictive indirect effect on mathematic
achievements through its influence on math self-concept and intrinsic value (see Table E1; M
ES =.080, SE = .008). Interestingly however, this indirect path was largely off-set by the
corresponding direct path (M ES =-.113, SE = .017). These findings suggest that boys are
likely to have higher maths self-concept, which leads to higher maths achievement—the
indirect path from gender, whereas girls tend to have higher maths 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.

Similarly, the direct path from gender to aspirations was negative and significant (M
ES =-.128, SE = .013), as opposed to a significantly positive, albeit weak, indirect path via
both self-concept (M ES = .029, SE = .007) and utility value (M ES =.010, SE = .004).
Nevertheless, the direct path favouring girls was only partially countered by the
corresponding indirect path favouring boys. In total, educational aspirations favoured girls to
a small extent. This finding is in line with our expectations and the recently observed change
in gender difference on educational attainment, with the numbers of girls enrolled in
university study exceeding that of boys (Census Statistics Department, 2007).

In addition, SES was a positive predictor of self-concept (M ES = .087, SE = .015),
intrinsic value (M ES = .062, SE = .014) and especially utility value (M ES =.161, SE = .015),
which indicates that students who lived in a high SES family were likely to have more
positive motivation. More importantly, the indirect paths from SES to achievement and
aspirations were also significant and positive, as positively mediated by both self-concept (M
ES =.036, SE = .006 for achievement; M ES = .012, SE = .003 for aspiration) and utility
value (M ES =.013, SE =.002 for achievement; M ES = .051, SE = .006 for aspiration),
which was in line with our expectation. Also, our model showed that the direct path from SES
to maths achievement (M ES = .178, SE =.021) and educational aspirations (M ES =.302, SE
=.015) were moderate and positive. These findings support previous studies that SES

positively predicts achievement-related behaviours, directly or indirectly by promoting self-
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concept and subjective task values (Parker et al., 2012; Schoon & Polek, 2011). However, the
relationships between gender, SES, and outcome variables were not mediated through
intrinsic value, resulting from intrinsic value losing positively predictive power on
achievement and aspiration.

Table E1 The direct path from motivational beliefs to outcome variables

Outcome MSC MIV MUV MSCxMIV ~ MSCxMUV

variables

Math 1999 454%(.070)  .029 (.066) .083*%(.031) .012 (.017) -.044*(.020)

achievement 2003 433*%(.044) -.016(.053) .098*%(.023) .001 (.023) -.061*(.024)
2007 316%(.043)  .101*(.044) .074*(.032) -.001(.021) -.062*(.022)
Mean(SE) .386*(.028) .048 (.030) .088*%(.016)  .005 (.011) -.055*(.013)

Educational 1999 211%(.041)  -.094 (.059) .313*%(.027) -.001(.014) -.084*(.023)

aspirations 2003 A12%(.046)  -.082 (.053) .362*%(.030) .021 (.024) -.035*(.012)
2007 A13%(.044)  -.028 (.039) .260%(.029) .054*(.020) -.074*(.024)
Mean(SE) .168*(.027) -.055(.029) .311*(.017) .018(.010) -.069*(.015)

Note. MSC = maths self-concept; MIV = maths intrinsic value; MUV = maths utility value; SES =
socioeconomic status; ACH = maths achievement; ASP = educational aspiration. MSCxMIV =maths
self-concept by intrinsic value interaction. MSCxMUYV = maths self-concept by utility value

interaction.

Table E2 The direct path from background variables to motivational beliefs

Predictor MSC MIV MUV
Gender 1999 .144*(.037) 187*%(.031) .025 (.019)
2003 235%(.021) 137*%(.019) .043*(.021)
2007 .235%(.020) A11%(.024) .035 (.021)
Mean(SE) 223*(.013) 138*%(.013) .034 (.018)
Socioeconomic 1999 .083*(.026) .085* (.024) .172*(.024)
Status 2003 .074*(.021) .038 (.021) .143*(.024)
2007 .123*(.032) .080*(.034) 174*(.032)
Mean(SE) .087*(.015) .062*(.014) .161%(0.015)

Note. MSC = maths self-concept; MIV = maths intrinsic value; MUV = maths utility value; SES =

socioeconomic status; ACH = maths achievement; ASP = educational aspiration.
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Appendix 1-F
The moderation effect of gender

In order to test whether the relationships among SES, motivational beliefs and
educational outcomes vary as a function of gender, we conducted multigroup analysis in
which gender was treated as a grouping variable rather than a background covariate. As a
precondition for comparing boys to girls, we first tested the invariance of the factor loadings
in multigroup CFA models. After examining factor-loading invariance, every path was
constrained to be equal in multigroup SEM models. In each cohort, the change in model fit
between the unconstrained and loadings-invariant CFA model, as well as between the
unconstrained (i.e., path-non-invariant) and path-invariant SEM model, were negligible (see
Table F).

Nevertheless, given gender issue was of particular interest in this study, we conducted
a series of post hoc analyses. We did find significant differences in the path from SES to
educational aspirations. More specifically, 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 aspiration. In
family settings, parents provide boys and girls with different advice and information in regard
to the importance of preparing to support their family (Eccles, 2011; Wiese & Freund, 2011).
Although Hong Kong is seen to be influenced greatly by Western culture, it is more
appropriately described as neo-Confucian (Lee, 1996), where parents and family are the basis
of the cultural upbringing of Chinese children as emphasised by Confucian heritage
(Phillipson & Phillipson, 2007). Typical of Confucian culture, males are likely to take more
responsibility and have more commitment to providing financial support for their family. In
other words, males who come from relatively disadvantaged backgrounds are more likely to
leave school and devote to work early, which leads to having lower educational aspirations.

Taking together, we found one gender-differentiated pattern out of 11 cases. This
finding indicates that boys have relatively higher math self-concept and intrinsic value, the
relationships between these beliefs and maths achievement and educational aspirations were
similar for both genders. In addition, SES plays a more important role for males in
educational aspirations than females, while the relationships between SES and motivational

beliefs did not significantly differ by gender.
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Table F1 Model fit statistics for the multigroup CFA and SEM models

Model % df RMSEA CFI TLI
2007

CFA 1446.953 270 .050 971 962

CFA: factor loading invariance 1526.877 283 .050 969 962

SEM 1526.877 283 .050 969 962

SEM: path invariance 1533.002 294 .049 969 964
2003

CFA 1895.550 242 052 978 972

CFA: factor loading invariance 1911.815 254 051 978 974

SEM 1911.819 254 051 978 974

SEM: path invariance 1924.453 265 .050 978 975
1999

CFA 3154.944 432 .049 927 915

CFA: factor loading invariance 3182.586 449 .048 927 917

SEM 3193.741 449 .048 927 917

SEM: path invariance 3191.182 460 .048 927 920
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Appendix 1-H
MPlus Syntax for Model

TITLE: SEM
DATA: file is imputel.txt;
TYPE = imputation; ! use multiple imputations to handle missing data

VARIABLE:

NAME ARE

IDSCHOOL IDCLASS GENDER SES1 SES2 SES3 MSC1 MSCn2 MSCn3 MSC4

MIV1 MIVn2 MIV3 MUV1 MUV2 MUV3 MUV4

HOUWGT BSMALG BSMDAT BSMNUM BSMGEO ASPI;

MISSING=ALL(-9); 'Missing value are identified by -9;

WEIGHT = HOUWGT; ! HOUWGT is the weighting variable in the TIMSS database
CLUSTER=IDSCHOOL;

!Observations are clustered within schools;

USEVARIABLES ARE

GENDER SESI1 SES2 SES3

MSC1 MSCn2 MSCn3 MSC4 MIV1 MIVn2 MIV3
MUV1 MUV2 MUV3 MUV4

BSMALG BSMDAT BSMNUM BSMGEO ASPI;

ANALYSIS: TYPE=COMPLEX RANDOM;

ICOMPLEX: Analysis takes nesting of students into schools into account;
'RANDOM is necessary for the latent interaction effects modelled with LMS;
ESTIMATOR=MLR;

Algorithm = integration;

!Integration statement is required for the LMS-analysis of latent interactions;
processors = 2;

DEFINE: standardise GENDER SES1 SES2 SES3

MSCI1 MSCn2 MSCn3 MSC4 MIV1 MIVn2 MIV3 MUV1 MUV2 MUV3 MUV4
BSMALG BSMDAT BSMNUM BSMGEO ASP1;

! Standardise all of the variables we used

MODEL: ! definition of the measurement models

ACH BY BSMALG@.929 BSMDAT BSMNUM BSMGEO;
MIV BY MIV1@.749 MIVN2 MIV3;

MSC BY MSC1@.611 MSCN2 MSCN3 MSC4;

MUV BY MUV 1@.450 MUV2-MUV4;

ASP BY ASP1@.900; ASP1@.190;

SES BY SES1@1.285 SES2-SES3;

! Fix factor variance to be 1.

MSCN2 MSCN3 MIVN2 WITH MSCN2 MSCN3 MIVN2;

! Correlated uniquenesses for negatively worded items

MSCXMIV | MSC XWITH MI1V;
MSCXMUV | MSC XWITH MUV;
! Definition of the latent product variable using the XWITH-statement;

ACH ON MIV MSC MUV SES GENDER MSCXMIV MSCXMUV;
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ASP ON MIV MSC MUV SES GENDER MSCXMIV MSCXMUYV;
MIV MSC MUV ON SES GENDER;
! Outcome is regressed on control variables, latent predictors and ! their latent interaction;

MIV MSC MUV WITH MIV MSC MUV;

SES WITH GENDER;

ACH WITH ASP;

! Control variables are free to correlate with latent predictors and with each other;
OUTPUT: SAMPSTAT;

! Sample statistics are requested
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Table A1 Latent motivation construct and reliability relating youth in transition data used in

this study

Appendix 2-A

Latent Item Factor . Response
Variable number loading ltem wording(Code) code
TIV707 677 How do you rate in school ability
’ d to oth
Academic self- E);?Np?;teelli():nt ZZ)S ou think you are I (disagree a
concept T1V1108  .789 & y y ’ lot) to 4 (agree
(ASC1) compared to others a lot)
TIV1113 514 How good a reader do you think you are,
) compared to others
TIV38 692 Satisfied with school-learn what you
want to know 1(not at all) to
Intrinsic value  T1V42 571 Have an area of special interest in school  4(very much)
(INVT) T1V43 786 Enjoy school - learn interesting things
Joy g thing
TIV585 562 How interesting are most of your courses  1(very dull) to
) to you S(very exciting)
TIV313 740 Is this a good thing to do: working hard
’ to achieve academic honors
Utility value T1V314 142 Is this a good thl.n g to do: striving to get 1(very bad) to 6
UV1) the top grade-point average in the group (very good)
Is this a good thing for people to do: e
T1V315 7192 studying hard to get good grades in
school
TIV635 71 How do you rate in school ability
’ d to oth
Academic self- E);?Np?;teelli():nt ZZ)S ou think you are I (disagree a
concept T2V1097  .809 & y y ’ lot) to 4 (agree
(ASC2) compared to others a lot)
T2V1105 548 How good a reader do you think you are,
) compared to others
T2V38 692 Satisfied with school-learn what you
want to know 1(not at all) to
Intrinsic value  T2V42 .605 Have an area of special interest in school  4(very much)
(INV2) T2V43 798 Enjoy school - learn interesting things
Joy g thing
TOV504 504 How interesting are most of your courses  1(very dull) to
) to you S(very exciting)
ToV313 734 Is this a good thing to do: working hard
’ to achieve academic honors
Utility value T2V314 712 Is this a good thing to do: striving to get ~ 1(very bad) to 6
(UV2) ’ the top grade-point average in the group  (very good)
T2V315 768 Is this a good thing to do: studying hard
) to get good grades in school
. . . 1 (disagree a
Academic self- T4V592 716 How intelligent do you think you are, lot) to 4 (agree
concept compared to others a lot)
(ASC4) TAV600 537 How good a reader do you think you are,
) compared to others
Intrinsic value TAV394R How interesting are most of your courses  1(very dull) to
(INV4) to you S(very exciting)
TAV313 734 working hard to achieve academic
’ honors
Utility value striving to get the top grade-point 1(very bad) to 6
(UV4) Tav3i4 712 average in the group (very good)
TAV315 768 studying hard to get good grades in

school
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Appendix 2-B
Path Coefficients of Direct Effects and Standard Error from Three Models

Table B1 Path coefficients of direct effects and standard error from the Model 1

IQ AchTl ASC1 INV1 UVI AchT2 ASC2 INV2 UV2 AchT3 ASC4 INV4 UV4 AttT4 R?

Outcome

ASCI1 .338*%  488* 393
(S.E)) (.039) (.037)

INV1 -.066 .284%* .077
(S.E)) (.035) (.033)

UVl A13*  286% 113
(S.E)) (.023) (.030)

AchT2 .005 456*  268*  .080* .023 .500
(S.E)) (.032) (.034) (.034) (.026) (.0206)

ASC2 764 * 174%* 747
(S.E)) (.040) (.032)

INV2 576 * .145% .500
(S.E)) (.027) (.024)

uv2 A477*%  .070% .344
(S.E)) (.032) (.027)

AchT3 479*%  260*%  .072* .020 489
(S.E)) (.031) (.031) (.028) (.026)

ASC4 J755%* .091%* .661
(S.E)) (.040) (.034)

INV4 .338%* .128%* .308
(S.E)) (.044) (.026)

Uuv4 S17* 0 -.022 357
(S.E)) (.034) (.032)

AttT4 498%* .249
(S.E.) (.019)

AttTS 217*%  .072*%  -.036 .647* 543
(S.E)) (.029) (.026) (.028) (.023)

Note. C.1. = 95% bootstrap percentile confidence interval All variables were given a label that identifies the Time (T1 to T5). IQ = intelligent test scores; ASC =
academic self-concept; INV = intrinsic value; UV = utility value; Ach = educational achievement; Att = educational attainment; Oasp = occupational aspirations.
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Table B2 Path coefficients of direct effects and standard error from the Model 2

Outcome 1Q ASC1 INV1 UVI OaspT1 ASC2 INV2 UV2 OaspT2 EdaspT2 OaspT3 EdaspT3 ASC4 INV4 UV4  OaspT4 R2

ASCI1 .310% .098
(S.E) (.034)

INV1 -.066 .000
(S.E) (.035)

UVl 124% .050
(S.E) (.026)

OaspTl 178%  334*% 045 114%* 242
(S.E) (.027) (.029) (.036) (.031)

ASC2 152 % .054 712
(S.E) (.024) (.029)

INV2 617 * .057 460
(S.E) (.026) (.027)

uv2 .505*%  .037 .339
(S.E) (.044) (.027)

OaspT2 .522% 265% .048 .029 437
(S.E) (.027) (.024) (.028) (.031)

EdaspT2 313* 295%  145*%  .065* 293
(S.E) (.032) (.011) (.014) (.029)

OaspT3 .601* .159* 476
(S.E) (.026) (.026)

EdaspT3 .306%* 460* 451
(S.E) (.021) (.018)

ASC4 7192%* -.020 .049 .652
(S.E) (.042) (.039) (.043)

INV4 342% - 112% .038 265
(S.E) (.048) (.052) (.073)

Uuv4 518* -.080 -.065 356
(S.E) (.034) (.045,)  (.041)

OaspT4 468* 215% 116 .027 .040 488
(S.E) (.036) (.034) (.031) (.040) (.025)

OaspT5 331* 107
(S.E) (.026)

Note. S. E. = standard error. All variables were given a label that identifies the Time (T1 to T5). IQ = intelligent test scores; ASC = academic self-concept;
INV = intrinsic value; UV = utility value; Ach = educational achievement; Att = educational attainment; Oasp = occupational aspirations; Eduasp =

educational aspirations.

253
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Table B3 Path coefficients of direct effects and standard error from the Model 3

Outcome 1Q AchTl1 ASCI INV1 UVl OaspTl1 AchT2 ASC2 INV2 uv2 OaspT2  EdaspT2 AchT3 OaspT3  EdaspT3 ASC4 INV4 Uuv4 AttT4  OaspT4  AHTS R?
ASC1 175% 562% 394
(S.E) (.026)  (.020)

INVI -.066 .286* 077
(S.E) (.038)  (.028)

UVl .054* .288* 113
(S.E) (.024)  (.025)

AchT2 051 A454* 270* .080* 102 499
(S.E) (.032)  (.031) (.034) (.026) (.026)

OaspT1 A71* .093* 285% .045 102 244
(S.E) (.027)  (.032) (.037) (.034) (.031)

ASC2 756 * 011 .158* 147
(S.E) (.034) (.029) (.031)

INV2 580 * -.013 .150* 505
(S.E) (.026) (.026) (.026)

uv2 A467* 010 .069* 344
(S.E) (.044) (.028) (.028)

OaspT2 .508* A11* 212% .042 028 480
(S.E) (.025) (.031) (.030) (.030) (.027)

EdaspT2 299* .138* 223* .145% .057* 361
(S.E) (.032) (.032) (.032) (.034) (.025)

AchT3 A476* 227* .062* 018 .064* -.028 470
(S.E) (.031) (.035) (.029) (.032) (.031) (.028)

OaspT3 .602* .159* 496
(S.E) (.026) (.026)

EdaspT3 311* 460* 470
(S.E) (.029) (.030)

ASC4 769* 056 -.010 041 671
(S.E) (.042) (.039) (.044) (.042)

INV4 312%* 161* -.133% 024 384
(S.E) (.048) (.046) (.042) (.086)

uv4 523* -.022 -.080 -.058 465
(S.E) (.034) (.034) (.045,) (.040)

AttT4 271* 239* 324* 431
(S.E) (.023) (.029) (.027)

OaspT4 011 419* 153* 118* 026 036 .185* 496
(S.E) (.033) (.037) (.036) (.030) (.039) (.022) (.032)

AUTS 182* 062 -.039 579* 131* 551
(S.E) (.034) (.051) (.029) (.027)  (.026)

OaspT5 162* 294% 161
(S.E) (.030) (.027)

Note. S. E. = standard error. All variables were given a label that identifies the Time (T1 to T5). IQ = intelligent test scores; ASC = academic self-concept;
INV = intrinsic value; UV = utility value; Ach = educational achievement; Att = educational attainment; Oasp = occupational aspirations; Eduasp =
educational aspirations.
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Appendix2-C
Table C1 Path coefficients of indirect effects and standard error from Model 3

Time 0 Time 1 Time2
1Q AchTl1 ASCI1 INV1 UVlI OaspT1 AchT2 ASC2 INV2 uv2
Outcome
AchT2 .097 (.015) .180 (.019)
(.068, .126) (.141, .219)
OaspT1 .085 (.016) 202 (.022)
(.056, .118) (.161,.243)
ASC2 279 (.020) .529 (.021) .046 (.012) .013 (.005) .005 (.006)
(.240, .319) (.494, .564) (.023,.069) (.003,.023) (-.006, .015)
INV2 -.027 (.022) 258 (.023) .037 (.010) .011 (.004) .002 (.004)
(-.016, .016) (.218,.297) (.017,.057) (.003,.020) (-.008, .012)
uv2 .063 (.014) 181 (.020) .021 (.010) .006 (.003) .003 (.003)
(.038,.090) (.145, .217) (.003, .040) (.000, .012) (-.004, .009)
OaspT2 187 (.015) 342 (.018) .346(.028) .043(.026) .070 (.021) .003 (.007) .038 (.009)
(.158,.216) (.310,.374) (.296, .395) (.001, .086) (.030,.110) (-.009, .014) (.021, .055)
EdaspT2 .140 (.014) 341 (.016) .308 (.024) 113 (.023) .016 (.021) .001 (.009) .061 (.011)
(.113,.167) (.312,.371) (.262, .353) (.073, .154) (.027, .196) (-.014, .016) (.041, .081)
AchT3 .107 (.014) 454 (.021) 327 (.026) .077 (.022) .022 (.019) .026 (.014) .050 (.009) .007 (.007) -.003 (.004) .000 (.002)
(.079, .125) (.419, .489) (.273, .380) (.034, .121) (-.015, .060) (-.003, .055) (.032,.069) (-.007,.021) (-.012, .005) (-.004, .005)
OaspT3 112 (L012) 260 (.014) 257 (.021) .044 (.018) .052 (.015) 355 (.020) 121 (.018) 163 (.021) .032 (.020) .028 (.018)
(.089, .135) (.233,.287) (.219, .295) (.014,.074) (.024, .080) (.316,.394) (.089, .153) (.122,.204) (-.003, .067) (-.006, .062)
EdaspT3 .130(.011) 263 (.016) .249 (.020) .066 (.016) .050 (.014) 297 (.021) 138 (.018) 168 (.021) .071 (.020) .036 (.017)
(.109, .151) (.237,.290) (.214, .284) (.037,.094) (.024,.076) (.260, .334) (.106, .170) (.128,.209) (.037,.105) (.002,.070)
ASC4 224 (.019) 440 (.027) .643 (.035) .017 (.006) .006 (.006) .019 (.026) 156 (.030) .018 (.011) .006 (.004) .002 (.002)
(.187, .261) (.400, .480) (.583,.702) (.005, .029) (-.004, .017) (-.027, .064) (.101,.210) (-.005, .041) (-.002, .014) (-.003, .008)
INV4 -.007 (.012) 125 (.024) .036 (.022) 129 (.028) -.002 (.006) -.040 (.028) 119 (.023) .020 (.016) .007 (.009) .000 (.006)
(-.030, .016) (.074, .176) (-.012, .083) (.131,.254) (-.014, .011) (-.100, .021) (.073, .165) (-.014, .054) (-.009, .023) (-.012,.012)
uv4 .004 (.007) .049 (.018) -.031(.017) -.006 (.004) .238 (.026) -.041 (.025) .007 (.023) -.028 (.018) -.008 (.006) -.005 (.003)
(-.013,.016) (.020, .077) (-.052,.010) (-.012, .000) (.193, .283) (-.095, .013) (-.029, .042) (-.063, .007) (-.021, .005) (-.011,.001)
AttT4 .082(.010) 270 (.014) 230 (.015) .053 (.012) .035 (.010) 118 (.014) 216 (.017) 157 (015) .047 (.013) .023 (.013)
(.063, .101) (.243, .297) (.200, .261) (.030, .075) (.015,.055) (.162,.214) (.183,.249) (.127, .187) (.022,.072) (-.002, .049)
OaspT4 .091 (.011) 256 (.017) 264 (.022) .045 (.014) .045 (.012) 229 (.018) 134 (.014) 216 (.027) .04 (.019) .040 (.017)
(.070, .112) (.228, .285) (.223, .306) (.018,.072) (.022,.069) (.196, .261) (.108,.159) (.165, .266) (.006, .077) (.006, .075)
AHTS .081 (.011) 276 (.016) 288 (.023) .052 (.014) .018(.011) 141 (.014) 178 (.014) 264 (.028) .054 (.018) -.001 (.020)
(.060, .102) (.245, .307) (.233,.333) (.026, .077) (-.003, .039) (.116, .166) (.149, .207) (.210,.319) (.019, .089) (-.037, .035)
OaspT5 .039 (.005) 123 (.010) 128 (.012) .023 (.006) .013 (.005) .079 (.009) .074 (.008) 113 (L013) .023 (.007) .006 (.008)
(.029, .048) (.104, .142) (.106, .150) (.012,.033) (.003,.022) (.063, .094) (.059, .089) (.089, .137) (.009, .036) (-.007, .020)

Time3 Time4
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Outcome OaspT2 EdaspT2 AchT3 OaspT3 EdaspT3 ASC4 INV4 Uv4 AttT4 OaspT4
ASC4 .010 (.023) .016 (.017)

(C.L) (-.031, .015) (-.016, .048)

INV4 -.062 (.035) -.015 (.041)

(C.L) (--139,.014) (-.094, .065)

Uv4 -.067 (.038) -.039 (.021)

(C.L) (--139, .005) (-.081, .004)

AttT4 262 (.017) .179 (.020)

(C.1) (.225, .298) (.142, 216)

OaspT4 346 (.023) .170 (.020) .058 (.014) .037 (.010) .063 (.011)

(C.L) (:303, .389) (.133, .207) (.037,.084) (.015,.059) (.044, .087)

AttT5 197 (.015) .129 (.015) .186 (.018) 191 (.021) .227 (.020) .015 (.005) .003 (.005) .005 (.003) .024 (.006)

(C.1) (.166, .229) (.101,.157) (.149, .223) (.148, .234) (.188,.266) (.006, .024) (-.008, .015) (-.002, .011) (.012,.036)

OaspT5 114 (.011) .066 (.009) .065 (.008) 130 (.017) 102 (.011) .077 (.012) .024 (.014) -.004 (.010) 208 (.018) .039 (.008)
(C.L) (.093, .136) (.051,.081) (.048, .081) (.103, .158) (.082,.122) (.054, .100) (--006, .035) (-.023, .015) (.173, 242) (.021, .056)

Note. C.1. = 95% bootstrap percentile confidence interval All variables were given a label that identifies the Time (T1 to T5). IQ = intelligent test scores; ASC = academic self-concept; INV =
intrinsic value; UV = utility value; Ach = educational achievement; Att = educational attainment; Oasp = occupational aspirations.
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Appendix 2-D

Table D1 Path coefficients of total effect, standard error and confidence interval from Model 3

Outcome 1Q AchT1 ASCl1 INVI UVl OaspTl AchT2 ASC2 INV2 uv2

ASCl1 175 (.026) .562 (.020)

(C.1) (.165, .287) (.640, .795)

INV1 -.066 (.038) 286 (.028)

(C.1) (-.120, .017) (.243, .353)

UVl 1054 (.024) 288 (.025)

(C.IH) (.003, .016) (.255,.350)

AchT2 1102 (.023) 1635 (.022) 270 (.034) 1080 (.026) 1021 (.026)

(C.1) (.079, .148) (.597, .672) (.165, .262) (.024, .127) (-.031,.074)

OaspT]1 256 (.026) 295 (.025) 285 (.037) 1045 (.034) 1102 (.031)

(C.1) (.205, .308) (.254, .337) (.168, .271) (-.020, .098) (.038, .156)

ASC2 279 (.020) 529 (.021) .802 (.026) .013 (.005) .005 (.006) .011 (.029) 158 (.031)

(C.1) (.240, .319) (.494, .564) (.757, .847) (.003, .023) (-.006, .015) (-.055, .082) (.134, .286)

INV2 -.027 (.022) 258 (.023) .037 (.010) 591 (.027) .002 (.004) -.013 (.026) .150 (.026)

(C.1) (-.016, .016) (.218,.297) (.017,.057) (.539, .644) (-.008, .012) (-.077, .045) (.104, .212)

uv2 063 (.014) 181 (.020) 021 (.010) 1006 (.003) 469 (.044) 010 (.028) 1069 (.028)

(C.1) (.038,.090) (.145, .217) (.003, .040) (.000, .012) (.405, .533) (-.046, .064) (.020, .111)

OaspT2 1187 (.015) 342 (.018) 346 (.028) 1043 (.026) 1070 (.021) 511 (.025) 1149 (.027) 212 (.030) 1042 (.030) 028 (.027)

(C.1) (.158, .216) (.310, .374) (.296, .395) (.001, .086) (.030, .110) (.465, .556) (.102, .196) (.115,.207) (-.017,.101) (.002, .081)

EdaspT2 1140 (.014) 341 (.016) 308 (.024) 113 (.023) 016 (.021) 301 (.031) 1199 (.027) 223 (.032) 1145 (.034) 1057 (.030)

(C.1) (.113,.167) (.312,.374) (.262, .353) (.073, .154) (.027, .096) (.249, .352) (.147, .250) (.118, .215) (.083,.195) (.007,.117)

AchT3 1107 (.014) 454 (.021) 327 (.026) 077 (.022) 1022 (.019) 1026 (.014) 1526 (.028) 234 (.032) 1059 (.029) 018 (.032)

(C.1) (.079, .125) (.419, .489) (.273, .380) (.034, .121) (-.015, .060) (-.003, .055) (.474, .579) (.170, .299) (.001, .117) (-.039, .076)

OaspT3 112 (.012) 260 (.014) 257 (.021) .044 (.018) .052 (.015) 355 (.020) 121 (.018) 163 (.021) .032 (.020) .028 (.018)

(C.1) (.089, .135) (.233, .287) (.219, .295) (.014, .074) (.024, .080) (.316, .394) (.089, .153) (.122, .204) (-.003, .067) (-.006, .062)

EdaspT3 .130(.011) 263 (.016) 249 (.020) .066 (.016) .050 (.014) 297 (.021) 138 (.018) 168 (.021) .071 (.020) .036 (.017)

(C.1) (.109, .151) (.237, .290) (.214, .284) (.037,.094) (.024, .076) (.260, .334) (.106, .170) (.128, .209) (.037,.105) (.002, .070)

ASC4 224 (.019) 440 (.027) 643 (.035) 017 (.006) 1006 (.006) 019 (.026) 1156 (.030) 787 (.035) 1006 (.004) 1002 (.002)

(C.1) (.187, 261) (.400, .480) (.583,.702) (.005, .029) (-.004, .017) (-.027, .064) (.101, 210) (.721, .853) (-.002, .014) (-.003, .008)

INV4 -.007 (.012) 1125 (.024) 1036 (.022) 1129 (.028) -.002 (.006) -.040 (.028) 119 (.023) 1020 (.016) 318 (.045) .000 (.006)

(C.1) (-.030, .016) (.074, .176) (-.012, .083) (131, .254) (-.014, .011) (-.100, .021) (.074, .165) (-.104, .054) (.219, .418) (-.012,.012)

Uv4 1004 (.007) 1049 (.018) -.031 (.017) -.006 (.004) 238 (.026) -.041 (.025) 1007 (.023) -.028 (.018) -.008 (.006) 518 (.034)

(C.1) (-.013,.016) (.020, .077) (-.040, .012) (-.012, .000) (.193, .283) (-.095, .013) (-.029, .042) (-.063, .007) (-.021, .005) (.460,.576)

AttT4 .082(.010) 270 (.014) 230 (.015) .053 (.012) .035(.010) 118 (.014) 216 (.017) 157 (L015) .047 (.013) .023 (.013)

(C.1) (.063, .101) (.273, .297) (.200, .261) (.030, .071) (.015, .055) (.162, .214) (.183, .249) (.127, .187) (.022,.072) (-.002, .049)

OaspT4 .091 (.011) 256 (.017) 264 (.022) .045 (.014) .045 (.012) 229 (.018) 134 (.014) 216 (.027) .042 (.019) .040 (.017)

(C.1) (.070, .112) (.228, .285) (.223,.306) (.018,.072) (.022, .067) (.196, .261) (.108, .159) (.165, .266) (.006, .077) (.006, .075)

AtTS .081 (.011) 276 (.016) 288 (.023) .052 (.014) 018 (.011) 141 (.014) 178 (.014) 264 (.028) .054 (.018) -.001 (.020)

(C.1) (.060, .102) (.246, .306) (.045, .332) (.026, .077) (-.003, .039) (.116, .166) (.149, .207) (.210, .319) (.019, .089) (-.037,.035)

OaspT5 1039 (.005) 123 (.010) 128 (.012) 1023 (.006) 013 (.005) 1079 (.009) 1074 (.008) 113 (.013) 1023 (.007) .006 (.008)

(C.1) (.029, .048) (.104, .142) (.106, .150) (.012,.033) (.003, .022) (.063, .094) (.059, .089) (.089, .137) (.009, 0.36) (-.007,.020)

Outcome OaspT2 EdaspT2 EdaspT3 ASC4 INV4 Uuv4 AttT4 OaspT4 AHTS

OaspT3 602 (.026) 1159 (.026)
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(C.L)
EdaspT3
(C.L)
ASC4
(C.L)
INV4
(C.L)
uv4
(C.1)
AttT4
(C.1)
OaspT4
(C.1)
AHTS
(C.1)
OaspT5
(C.1)

(.550, .655)
311 (.029)
(253, .360)
1010 (.023)
(-.031,.015)
-.062 (.035)
(-.139, .014)
-.067 (.038)
(-.139, .005)
262 (.017)
(225, 298)
346 (.023)
(303, .389)
1197 (.015)
(.166, .229)
114 (.011)
(.093, .136)

(.106, .216)

460 (.030)
(409, .517)
016 (.017)
(-.016, .048)
-015 (.041)
(-.094, .065)
-.039 (.021)
(-.081, .004)
179 (.020)
(.142, 216)
1170 (.020)
(.133,.207)
1129 (.015)
(.101,.157)
1066 (.009)
(.051,.081)

1056 (.039)
(-.034, .146)
1161 (.046)
(078, 273)
-.022 (.034)
(-.078, .031)
271 (.023)
(227, 314)
1069 (.029)
(.037, .084)
1186 (.018)
(.149, 223)
1065 (.008)
(.048, .081)

-.010 (.044)
(-.093, .063)
-133 (.052)
(-.259, -.015)
-.080 (.045)
(-.170, -.010)
239 (.029)
(186, .291)
456 (.035)
(395, .518)
1191 (.021)
(.148, 234)
1130 (.017)
(.103, .158)

041 (.042)
(-.033, .128)
1024 (.086)
(-.174, 211)
-.058 (.040)
(-.132,023)
324(.027)
(261, .365)
216 (.033)
(157, .276)
227 (.020)
(188, .266)
1102 (.011)
(.082,.122)

1118 (.030)
(.054, .153)
1197 (.034)
(113, 263)
077 (.012)
(.054, .100)

1026 (.039)
(-.053, .106)

1066 (.050)
(-.026, .157)
024 (.014)

(-.006, .053)

1036 (.022)
(-.013, .090)
-.034 (.029)
(-.092, .024)
-.004 (.010)
(-.023, .015)

258
1185 (.032)
(.129, 234)
1604 (.025) 1131 (.026)
(.558, .649) (.072,.179)
208 (.018) 201 (.035) 294 (.027)
(.173, 242) (.147, 255) (239, .360)

Note. C.1. = 95% bootstrap percentile confidence interval All variables were given a label that identifies the Time (T1 to T5). IQ = intelligent test scores; ASC = academic self-concept; INV =

intrinsic value; UV = utility value; Ach = educational achievement; Att = educational attainment; Oasp = occupational aspirations.
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Appendix 2-E

Addition analyses for mean comparison of motivational beliefs at T4.
According to EVT (Eccles, 2009), attending different programs of higher education,
such as community colleges (i.e., 2-year colleges) and 4-year colleges would provide a
different social context to students. Students’ self-concept and task value would be shaped, in
part, by their subjective interpretations of those experiences within their new educational
context. For example, a student is likely to show greater interest when curriculum and
instruction connect with personal goals and interests to actual classroom experiences (Wang
& Eccles, 2012). While community colleges have a vocational aspect to the learning
curriculum that may thus more directly reflect on students’ interest, 4-year
colleges/universities have more general educational requirements, especially in the first year
of curriculum, that may not be directly related to the interest of students. While community
colleges has vocational aspects to the learning curriculum that may thus more directly reflect
the value students attached to coursework, 4-year colleges and universities have more general
educational requirements, especially in the first year of curriculum, that may not directly be
related to students’ intrinsic and utility values. In this regard, adolescents who attend
community colleges or vocational schools are likely to have higher intrinsic value than those
attending 4-year colleges (see Appendix 5 in the Supplemental Materials for additional
analysis for mean comparison of motivational beliefs). To investigate this possibility, we
selected three groups — attending vocational school (N = 200), attending 2-year colleges (N =
344) and 4-year college/university (N = 416) from the total sample at Time 4. As expected,
there are significant differences in the mean of intrinsic value (F(1, 923) = 6.944, p <.001)
and utility value ((F(1, 940) = 13.06, p <.001)) across three groups. Bonferroni post-hoc test
showed that adolescents who studied in vocational school and community colleges have
slightly higher intrinsic and utility values than those studying in 4-year college. No significant
difference in intrinsic and utility values between students attending vocational school and
community colleges was found. In addition, we find there were significant differences in
academic self-concept across three group ((F(1, 940) = 54.07, p <.001)). In contrast, post-hoc
test indicated that student attending 4-year colleges have the highest self-concept, followed by
those attending 2-year college. These findings suggest that the curriculum and instruction in
vocational school, 2-year colleges and 4-year colleges have different impacts on adolescents

‘motivational beliefs in coursework.
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Appendix 2-F
Supplemental Analyses for Interactions Effects Between Self-Concept And Value
Table F1 Model fit statistics for the SEM) Models

Model % df  CFI TLI RMSEA
SEM

Model 1 SCHIV+UV+Ach+Att 1027.802 415  .966 959 026
Model 2 SC+IV+UV+Easp+Oasp 1212.002 473  .967 961 027
Model 3 Modell + Model2 1388.491 613  .967 960 .024
SEM with self-concept-by-value interactions

Model4 Model3 + SCxUV 1898.760 917  .958 951 022
Model5 Model3 + SCxIV 1791.174 874 961 953 022

Model6 Model3 + SCxIV + SCxUV ~ 2536.550 1224 958 951 .022

Note. SC = self-concept; IV = intrinsic value; UV = utility value.

To probe the interaction effect between self-concept and value beliefs, a series of
SEMs with latent interactions using the unconstrained approach were conducted (Marsh, Wen,
& Hau, 2004). To begin with, the models with separate sets of latent product variables were
evaluated: one based on product indictors for the self-concept and intrinsic value and one
based on those for self-concept and utility value at T1, T2 and T4. As noted in the main text,
the hypothesised models provided excellence fits to the data (i.e., Model 1-Model3, see Table
F1). In Model4-6, the latent interactions were included to predict subsequent educational
outcomes and motivational beliefs based on Model 3. These models also provided good fit to
data.

In Model 4 where only self-concept-by-intrinsic value interactions were included, the
interaction positively predicted educational achievement and aspirations across time
(averaged effects; M = .091 and .060 respectively), whereas the interaction effects on
educational attainment and occupational aspirations were non-significant. In ModelS, self-
concept-by-utility value interactions instead of self-concept-by-intrinsic value interactions
were included. However, all the interaction effects on subsequent educational outcomes and
motivational beliefs were non-significant. When two sets of product variables (self-concept-
by-intrinsic value and self-concept-by-utility value interactions) were considered
simultaneously (Model 6), all the interactions were also non-significant. It should be noted
that we did not include latent interactions between self-concept and value in study 2, given
that the journal editors and reviewers suggested that this issue would bring another
complication to an already complex article. But the detailed discussion on these findings was

provided in the general discussion and conclusion chapter.
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External Appendix 3-A
Table A1 A priori factor structure and reliability relating PISA2003 items used in this

study
Greater
Latent Factor . Response  Cronbach’s lower
Variable loading ltem wording (Code) C(I))de alpha (o) bound
(glb)
I am just not good at
719 Maths®.
735 I get good marks in Maths.
Maths self- .790 I learn Maths qulc?kly. 1 (disagree a
I have always believed that
concept . lot) to 4 .89 .89
(MSC) 816 Ma‘Fhs is one of my best (agree a lot)
subjects.
In my Maths class, I
745 understand even the most
difficult work.
720 I enjoy learning Maths
Maths 831 I look forward to my Maths 1 (disagree a
intrinsic 889 I like maths lot) to 4 .90 91
value (MIV) I am interested in the things (agree a lot)
811 .
I learn in Maths
Making an effort in Maths
717 is worth it because it will
' help me in the work that I
want to do later on.
Learning Maths is
worthwhile for me because
Maths utilit 830 it will improve my career 1 (disagree a
vafau . S(ltl/[blvy) <prospects, chances>. lot) to 4 .89 .90
Maths is an important (agree a lot)
216 subject for me because I

need it for what I want to
study later on.

I will learn many things in
767 Maths that will help me get
a job.

Note.” Negatively worded items were reverse-scored.
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External Appendix 3-B

Table B1 Means, standard deviations, and intercorrelations among key variables

1 2 3 4 5 6 7 8 9 10 11 12 13
1. Math Ach —
2.Read Ach .77*** —
3. Sci_Ach R R R L
4. MSC A4EE o Dok 3SdAk
5. INV I R [ U Y B R
6. MUV JOFHE QAR [ oHRER oAk SOFEE
7. Math_cour  .41%*%*  20Q%*x 3Gk gk FFAsck JQkEE
8. STEM J7EEE QR [ S%k DDAk DRk D3Rk Ok
9. TER' S8FHE - SSuAw SeHwk 3owekx DQEek 7Rk 30k SRR
10. Uni_Entry 42%%%  AgS¥¥%  AD#*x Dl kx [ 5kxk  Jo¥*x 0%k [7¥kx gFxEk
11. Gender SN Rolol B Sl 022 B Sob RS Kokl ) Rololo NS [0 Jolol BN O 1okl B /bl B W Aok bl
12. SES 7w 3Qkx JQdek - [4aekx QokRER 8%k [ S%HE (7 Jo*Ex 3%k _ 0]
13. Year 28FFE - JgFEk - JRFEE (2 -.01 -.Q8%Ex - DR 02 06%FF - QQ*F® - (4Hx (gHk
M 528.58 530.93 529.25 2.52 2.25 3.05 2.47 .55 0 71 1.50 25 10.12
SD 9132 88.61 95.04 .68 71 .66 .85 .50 1 46 .50 .82 .53

Note. " all the TER scores were standardised (z-scored) within each state. ASC = math academic self-concept; MIV = math intrinsic value; UV = math utility value;

Math_Ach = math educational achievement; Read Ach = reading educational achievement; Sci_Ach = science educational achievement; TER = Tertiary Entrance Rank;

263

Math_Course = high school math course selection; Uni_Entry = university entrance; STEM = university STEM major selection; p <.05, ** p < .01, *** p <.001. ** p <.01.

% p < 001;
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External Appendix 3-C

Gender differences

C1. Measurement invariance and latent mean differences over gender

Before examining the gender differences in mean-level of latent constructs, we tested
the invariance of the confirmatory factor analysis (CFA) measurement model for males and
females. The CFI and the RMSEA perform well in judging the adequacy of invariance
assumptions (Morin, Marsh & Nagengast, 2013). Cheung and Renswold (2002) and Chen
(2007) have suggested that if the change in CFI is not more than .01 and the RMSEA
increases by less than .015 for the more parsimonious model, the assumption of invariance is
tenable. The unconstrained multigroup CFA model provided an adequate level of fit to the
data ( y*(84) = 1150.331, df = 124, CFI = .978, TLI = .973, RMSEA = .040). The factor
loadings and item intercepts were then subsequently constrained to be equal across gender.
The changes in model fits were negligible (loading invariant CFA model: y*(74) = 1215.91,
df =134, ACFI=-.001, ARMSEA = +.001, ATLIs = .000; intercepts invariant CFA model:
x> (64)=1382.10, df = 144, ACFI= -.003, ATLI = -.001; ARMSEA = +.001).

Table C1 Gender differences in the mean of all variables

Variable Gender differences
Cohen’s d value
Reading achievement 393k
Science achievement -.031
Math achievement - 104%**
Math self-concept -.358%**1
Math intrinsic value - 22Dk
Math utility value - 250%**¢
Tertiary Entrance Rank [TER] 2071 %%
Math course selection - 205%**
Odds ratio
University entry 1.832%*
STEM 0.602**

Note. Odds ratio greater than one indicates females have higher likelihood of choosing
postsecondary education than males. ** p < .01. *** p < 001, * Differences based on latent
mean difference

C2. Moderation effect

In spite of gender differences in the mean-level of math motivational beliefs and
educational outcomes, gender did not largely moderate the relations between these factors.
Only three paths varied by gender. Specifically, prior achievements in math and reading are
more strongly associated with math utility value for males than females. In particular, prior

reading achievement negatively predicts math utility value for males, but not for females. In
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addition, prior math achievement plays a greater role for males than females in math course
selection. There are several possible explanations for this finding. First, females may perceive
themselves as having lower self-concept and may attach lower intrinsic and utility values to
math tasks than males do, even if they have similar math achievement (see Watt, 2010). In the
present study, we found that adolescent males have higher self-concept and intrinsic and
utility values than adolescent females (Cohen’s ds are -.328, -.222, -.250, respectively)
whereas gender difference in math achievement favouring males is small (Cohen’s d -.104).
This may lead to females opting out of more math advanced courses as their math self-beliefs
and value for math are lower. Second, females with comparable ability in math are more
likely to outperform males in reading ability, which may offer females a broader range of
school and post-school choices than males, leading to their not choosing more advanced
courses in math (Ceci & Williams, 2010; Wang, Eccles, & Kenny, 2013). These gendered
patterns suggest that the internal comparison process in relation to high reading competence
(Cohen’s d .393) would have detrimental effects on females’ math self-concept and intrinsic
value rather than utility value. This imbalance of motivational beliefs may play a more
important role for females to select advanced math courses and STEM majors compared to
math achievement. However, replication studies are warranted, given that the sizes of gender-
differentiated patterns are modest and statistically significant because of the sample size of

the present study.
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External Appendix 3-D

Moderated mediation

In the present study, moderation of the regression of math course selection (M) on
math self-concept (X) and the regression of STEM major selection (observed binary outcome,
Y) on math course selection are shown in our hypothesised model, with statistically
significant estimates where intrinsic value (Z) is a moderator. According to the hypothesis of
moderated mediation outlined by Preacher, Rucker, & Hayes (2007), the formulas below
were utilised to calculate conditional indirect effect.

Assuming linear relationships for Y and M are
v, =P+ Bm + B.x, + Xz, + &, (1.1)
m, =Y, VX t 72, ¥ V32, + & (1.2)
Where the residual ¢, and ¢, are assumed normally distributed with zero means. The

equations were reduced by inserting (1.2) in (1.1)

Vi =Py + B (Vo + 11X + 122+ 13X,2) + £, + BoX, + BiX,z, + € (1.3)
Yi= ﬁo + ﬁlyo + (ﬁz + ﬁ3zi)xi + ﬁl(yl +7,2,)x,+ ﬂlyzzi +&,T¢&,; (1.4)
It follows that the direct and indirect effects are
DEI(ﬁ2+ﬁ3Zi) (1.5)
TIE = (7, +752,) (1.6)

The effects can be calculated at different z values of interest.
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External Appendix 3-E

Path coefficients for the models with interaction effects

Covariates
- Gender
- Year
- SES
-Math Ach
L \Q*** ; 7
— _ . £ S***
S
0> I .
0*** d)**
NS
/
Sci_Ach R A 3
*Osy

STEM

*

9%

Figure E1. Path model depicting the hypothesised relations, including latent interaction, controlling for gender, Grade and SES. For
clarity, only statistically significant paths are presented in the model, and all coefficients shown are standardised. Coefficients displayed
in boldface type are the probability differences calculated from probit regression.

Note. Dashed arrows represent negative association between reading achievement and motivational beliefs. ASC = math academic self-concept;
MIV = math intrinsic value; UV = math utility value; Math Ach = math educational achievement; Read Ach = reading educational achievement;
Sci_Ach = science educational achievement; TER = Tertiary Entrance Rank; Math Course = high school math course selection; Uni_Entry =
university entrance; STEM = university STEM major selection; mscXmiv = math self-concept by intrinsic value; mscXmuv = math self-concept

by utility value;* p < .05, ** p <.01, *** p <.001
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Table E1 Standardised direct effect for the final path model with latent interaction

Math ach Read ach Sci ach MSC MIV MUV Course TER STEM Uni_Entry
Math_ach S8 HHE AQF** D 5HHE 20F** Wl o .01 10**
[.04]
Read_ach S29%EE DRk - 15%%% 01 EEE .00 4k
[.05]
Sci_ach 4k .05* JQF*E .04 10** .05 04
MSC 8 FHE ] 8*** .05 .03
MIV Q7%%* 08 *** .09%* .06
[.04]
MUV L3k .01 ] 7EEE JQF*E
[.06] [.04]
mscXinv Q7%%* Q8 *** .02 .04
mscXmuv -.029 .037 .012 .030
Course 20%%*
[.08]
TER ARk
[.15]
Covariates
Gender -.06%** 8 FHE -.02 -09%**  _ (O4%* S Q7%%F* L 04%* EEE - 10%* ] 7EEE
SES JT7EE* Rhauo 39**x - _ 01 .00 .01 .01 2wk -.01 JoxEE
Year DD HHE 8 FHE A8FFE _ Q8F*k_ Q5kE N kool B tolok - Q7%** -.01 .04*

Note. Coefficients in brackets are the probability differences calculated from probit regression. ASC = math academic self-concept; MIV = math
intrinsic value; UV = math utility value; Math_Ach = math educational achievement; Read Ach = reading educational achievement; Sci_Ach =
science educational achievement; TER = Tertiary Entrance Rank; Math Course = high school math course selection; Uni_Entry = university
entrance; STEM = university STEM major selection; mscXmiv = math self-concept by intrinsic value; mscXmuv = math self-concept by utility
value; * p <.05, ** p <.01, *** p <.001. Dashes indicate that it was not possible to compute coefficients.
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External Appendix 3-F
The effect of Socioeconomic Status (SES)
Correlation between SES, motivational beliefs and educational outcomes

SES was moderately positively correlated with prior achievement, TER scores and
university entry but its relations with motivational beliefs, math courses and STEM selection
were somewhat smaller. This finding indicates students with affluent family background tend
to report high math motivational beliefs and achieve high educational outcomes.

The effect of SES

With respect to SES, only the paths from SES to prior academic achievement, TER
and university entry were statistically significant, indicating that students with affluent family
backgrounds were more likely to have high academic performance and to enter university
(Parker et al., 2012; Bowen et al., 2009; Schoon & Polek, 2011). Academic achievement fully
mediated the relationship between SES and motivational beliefs. Similarly, academic
achievement and motivational beliefs fully mediated the relationship between SES and math
course selection. Also, prior achievement, motivational beliefs and high school outcomes
mediated the predictive effects of SES on TER, STEM major selection and university entry.
Based on the above findings, more attention is needed for students with disadvantaged family
backgrounds, to improve their math academic achievement from early on. This might have a
significant impact on students’ motivational beliefs, thus promoting their enrolment in math
courses and STEM degrees.

In addition, we conducted supplemental analyses to test moderation effect of SES on
gender relations among achievement, motivation beliefs and educational outcomes.
Specifically, we added the product term between gender and SES into the hypothesised model
to predict prior achievement, educational beliefs and educational outcomes. However, we did
not found statistically significant interaction effect, indicating that SES did not have
moderating influences on gender relations among achievement, motivational beliefs and
educational outcomes (see Table F1). The rest of path coefficients in the model with gender
by SES interaction were highly similar with those without this interaction (see Appendix 3-E

in Supplemental Materials for more details).
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Table F1 The moderation effect of SES on gender relations among achievement, motivation beliefs and educational outcomes

Math ach Read ach Sci ach MSC MUV  Math Course TER STEM Uni Entry

Gender -.06%** g -.02 -QOFHE Q7R L 04%* BB Sl B Sl bk
SES 37w gk 39*xxx 01 .01 .01 2%k 01 e
GenderXSES  -.01 -.01 -.02 -.00 -.01 -.01 -.01 -.01 -.01

Note. ASC = math academic self-concept; MIV = math intrinsic value; Math_Ach = math educational achievement; Read Ach = reading educational achievement;
Sci_Ach = science educational achievement; TER = Tertiary Entrance Rank; Math_Course = high school math course selection; Uni_Entry = university entrance;
STEM = university STEM major selection; GenderXSES = Gender by SES interaction;* p < .05, ** p <.01, *** p <.001
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External Appendix 3-G
Path models for the models including intrinsic value and its interactions with self-concept

Covariates
- Gender

- Year

- SES

sk | TER
I —

Math_Ach o \

Y "z
Y L
k) I
9** d)%*% \
* .05%x* —
Uni_Entry
o *
> ** *** 52: *
* S S 05+
Sci_Ach A3 rk\ MSC m*#*
N 05*** y—
- - -QQ*** I p—
e .20*** .06*** ; e
)
g _Z o
Read Ach=="_ - — - A MIV 14%%x  ————» Math_Course
N
MSCxMIV

Figure G1. Path model depicting the hypothesised relations, including intrinsic value and its interaction with self-concept, controlling for
gender, Grade and SES. For clarity, only statistically significant paths are presented in the model, and all coefficients shown are
standardised. Coefficients displayed in boldface type are the probability differences calculated from probit regression.

Note. Dashed arrows represent negative association between reading achievement and motivational beliefs. ASC = math academic self-concept;
MIV = math intrinsic value; Math Ach = math educational achievement; Read Ach = reading educational achievement; Sci_ Ach = science
educational achievement; TER = Tertiary Entrance Rank; Math Course = high school math course selection; Uni_Entry = university entrance;
STEM = university STEM major selection; mscXmiv = math self-concept by intrinsic value;* p < .05, ** p <.01, *** p <.001
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Table G1 Standardised direct effect for the final path model with latent interaction

Math ach Read ach Sci ach MSC MIV Course TER STEM Uni Entry
Math_ach S8F¥* 0 3Qkkk - Doxkk DQ**k O] A2%*
[.05]
Read ach S29%Ek%_2TRRE (O] A5%F*¥* 00 J14%%*
[.05]
Sci_ach J3F** - (O5* .04 .08** .05 04
MSC 20%%*  18%*k* (5 .03
MIV Jd4Exx 0 10F*R* 14% A T7EE*
[.06] [.06]
mscXinv Q7%%%F - 09**F* 02 .04
Course 0% *®
[.08]
TER A8F**
[.15]
Covariates
Gender -.06%** 1 8F** -.02 SN0 1 JaloloBN 07 SoloBN 7 Solo B 2ol oloB I RoloBN W dololo
[-.04] [.06]
SES 3T7E** 38F** 39%*x 01 .00 .01 A3F*x 01 J6%**
[.06]
Year Q2 EE* 1 8F** AGEFE L Q8¥FK - O5¥kER [ 5¥Fk_ (7¥F* O] .05%*
[.06]

272

Note. Coefficients in brackets are the probability differences calculated from probit regression. ASC = math academic self-concept; MIV = math

intrinsic value; Math_Ach = math educational achievement; Read Ach = reading educational achievement; Sci_Ach = science educational
achievement; TER = Tertiary Entrance Rank; Math Course = high school math course selection; Uni_Entry = university entrance; STEM =
university STEM major selection; mscXmiv = math self-concept by intrinsic value; * p < .05, ** p <.01, *** p < .001. Dashes indicate that it

was not possible to compute coefficients
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External Appendix 3-H
Path models for the models including utility value and its interactions with self-concept

Covariates
- Gender

- Year

- SES

Math Ach

Uni_Entry

Sci_Ach

o %
STEM

Read Achi~ Math_Course

Figure H1. Path model depicting the hypothesised relations, including utility value and its interaction with self-concept, controlling for gender, Grade
and SES. For clarity, only statistically significant paths are presented in the model, and all coefficients shown are standardised. Coefficients
displayed in boldface type are the probability differences calculated from probit regression.

Note. Dashed arrows represent negative association between reading achievement and motivational beliefs. ASC = math academic self-concept; UV = math
utility value; Math Ach = math educational achievement; Read Ach = reading educational achievement; Sci_Ach = science educational achievement; TER =
Tertiary Entrance Rank; Math Course = high school math course selection; Uni_Entry = university entrance; STEM = university STEM major selection;
mscXmuv = math self-concept by utility value;* p < .05, ** p < .01, *** p <.001
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Table HI Standardised direct effect for the models including intrinsic value and its interaction with self-concept

Math ach Read ach Sci ach MSC MUV Course  TER STEM Uni_Entry
Math_ach S8 HHE D 5Hk WA o WA ko .01 J2%*
[.05]
Read ach S29%%E _15**x (] 3k .00 ] 7EEE
[.06]
Sci_ach S 3EEE JQF*E .04 10** .05 04
MSC QD HHk ] 9*** 10* .03
[.04]
MUV ] 7EEE LQ5H*k L 9HE L gEHE
[.07] [.07]
mscXmuv 06*** LQ5%%* .012 .030
Course 20%%*
[.08]
TER ARk
[.15]
Covariates
Gender -.06%** 8 FHE -.02 SQ9¥** 7 F*F _ (4%* EEE S 11k 8 FHE
[-.04] [.06]
SES 37 EEE Rl 39**x - _ 01 .01 .01 2wk -.01 JoxEE
[.06]
Year DD HHk 8 FHE A8FFE _Q8FFk _ [RwkE [ oHEE -Q7%** -.01 .06*
[.06]

Note. Coefficients in brackets are the probability differences calculated from probit regression. ASC = math academic self-concept; UV = math
utility value; Math Ach = math educational achievement; Read Ach = reading educational achievement; Sci_Ach = science educational
achievement; TER = Tertiary Entrance Rank; Math Course = high school math course selection; Uni_Entry = university entrance; STEM =
university STEM major selection; mscXmuv = math self-concept by utility value; * p <.05, ** p <.01, *** p <.001. Square brackets indicate
probability differences calculated from probit regression. Dashes indicate that it was not possible to compute coefficients.
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External Appendix A:

Science Curriculum Guidance for The Four Countries

According to Mullis, Martin, Olson, Berger, & Stance (2008),

Czech Republic

Science education begins with the local environmental studies in Grade 1-3 and continues
with natural science in grade 4-5. In Grades 6-9, physics, biology (including geology), and
earth science are taught separately. Chemistry is taught, beginning from Grade 7 through
Grade9.

Hungary

Science education begins with the local environmental studies in Grade 1-4 and continues
with natural science in grade 5-6. In Grade 7-8, science is taught as the four separate subjects
(physics, biology, chemistry and earth and environment).

Slovenia

Secondary education is consisted of natural and technical topics (physics, chemistry, biology,
technical science, informatics, and technology) and social science (history, economy,
geography and etc). In grade 8, natural sciences are taught as separate subjects: biology,
chemistry and physics. Earth science is mainly represented in physics.

Sweden

In secondary school, the natural sciences (physcis, chemistry, and biology) are taught either as
an integrated, single subject or as three separate subjects. But about 80 percent of the students
receive grades in separate science subjects. Earth science is taught within physics and
chemistry as well as the social subject of geography.
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External Appendix B
The Wording of The Items and A Prior Factor Structure of Motivational Factors in The Four OECD Countries

Table B1 A priori factor structure relating the TIMSS motivation items to latent factors

Items Item wording Factor loading
Physics Chemistry Earth Biology
science

Self-concept
SCP1 I usually do well in Physics/Chemistry/Earth science/Biology 81 .82 81 .79
SCP2 I learn things quickly in Physics/Chemistry/Earth science/Biology .82 .82 .80 .79
SCNI1 Physics/Chemistry/Earth science/Biology is more difficult for me .50 52 52 54
SCN2 Physics/Chemistry/Earth science/Biology is not one of my strengths .60 .63 .64 .65
Intrinsic value
IVP1 I enjoy learning Physics/Chemistry/Earth science/Biology .87 .88 .86 .84
IVP2 I like Physics/Chemistry/Earth science/Biology .66 .70 73 74
IVNI Physics/Chemistry/Earth science/Biology is boring .88 .89 .90 .90
Utility value
UVPI1 I think learning Physics/Chemistry/Earth science/Biology will help me in my daily life .66 .66 53 57
UvVP2 I need Physics/Chemistry/Earth science/Biology to learn other school subjects .66 .63 .59 .56
UVP3 I need to do well in Physics/Chemistry/Earth science/Biology to get into the university

of my choice .83 .83 .80 81
UVP4 I need to do well in Physics/Chemistry/Earth science/Biology to get the job I want .84 .84 81 81
Coursework Aspirations
APS I would like to do more in Physics/Chemistry/Earth science/Biology in school (single

item)
Achievement 1.00 1.00 1.00 1.00
ACH Standardized test score represented by five plausible values (single item) 1.00 1.00 1.00 1.00

Note. This factor analysis is discussed in greater detail in the presentation of results. Briefly, these results are based on Model MG4 (see subsequent discussion of Model MG4 in
Table 3) and are average results over five imputed data sets. Factor loadings are unstandardized estimates in a model identified by constraining all factor variances to be 1.0. Factor
loadings were constrained to be equal across the four countries. The wording of the items was rigorously parallel for the corresponding science domain-specific scales. P = physics; C
= chemistry; E = earth science; B = biology; SCP = self-concept (positive); SCN = self-concept negative; IVP = intrinsic value (positive); IVN = intrinsic value (negative); UVP =
utility value (positive).
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Table B2 Sample size and reliabilities of the TIMSS motivation constructs based on four science domains for four OECD countries

Sample Size Reliability Estimates
Country Student Class School %boys PSC CSC ESC BSC PIV CIV EIV BIV PUV CUV EUV BUV Mean
Czech Republic 4842 212 147 52% 84 8 83 82 84 8 8 B8 B84 86 86 8 .83
Hungary 4108 246 144 50% 83 82 83 82 84 8 87 88 84 85 .87 88 .83
Slovenia 4029 260 148 50% g7 80 79 80 83 8 87 87 83 8 87 8 82
Sweden 5068 307 159 52% g9 79 79 079 87 88 88 88 .87 88 88 8 .84
Total 18047 1025 598 51% 81 8 8 81 8 87 87 87 84 84 80 .79 .83

Note. The column headed Mean is the mean of the eight reliability estimates. The wording of the items was rigorously parallel for the corresponding science domain-
specific scales. Reliability estimates are Cronbach’s alpha estimates. P = physics; C = chemistry; E = earth science; B = biology; SC = self-concept; IV = intrinsic
value; UV = utility value
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Appendix 4-C:
Unconstrained approach, standardization, and annotated mplus syntax

Unconstrained Approach

In comparison to the traditional constrained approach (e.g., Joreskog & Yang, 1996;)
and the partially constrained approach (Wall & Amemiya, 2001), the unconstrained approach
is relatively simple to implement in that most of the complicated constraints required in the
original Kenny and Judd’s approach are relaxed (Marsh et al., 2004). The unconstrained
approach has shown good performance as the constrained approach when the underlying
assumptions of the constrained approach are met in the simulation study, and much better
performance when these assumptions are not met — which is generally the case (Marsh et al.,
2004).

The SEM with two latent predictors and their interacting latent variable is typically
specified as:

N=78+7:6 766+ ©)

where 7,,7, and ¥, are the partial regression coefficients of the latent predictor
variables and their cross-product and § is the structural model residual. The latent predictors
& and &, as well as the latent outcome variable 1 are each inferred from at least two

indicator as specified in the corresponding measurement models. &, &, and &, are allowed to

be correlated with each other, but each is uncorrelated with measurement errors and the

residual term 4 )
Xij = /lxigi + 6,;,~,yk = A’ykn +E&,, (4)
where x; is the jth indicator of the i th latent predictor variable &, A, is the

y

corresponding factor loading and 517 is the corresponding residual, y, is the k th indicator of
the latent outcome variable 77, /lyk is the corresponding factor loading, and €, is the

corresponding residual.
Product-indicator approaches such as the unconstrained approach identify the latent

cross-product & & by products of indicators of the latent predictor variables, according to the
following measurement model
X%y, = A2, 6,E, + 6,005 3)
where x,; is the ith indictor of & and x,, is the /th indicator of &,, 4,,,, is the
corresponding factor loading on the latent product variable and J,,,, is the corresponding

residual. The critical problem with the indicator approach is how to form the product indicator.
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All indicators of the latent variables are centred before the product indicators are compute
(Marsh et al., 2004). According to the guiding principles proposed in Marsh et al. (2004), (a)
all the multiple indicators of both latent predictors are needed to use, and (b) the same
indicator should not be re-used the same indicator in forming the indicators for the latent
product variable (also see Marsh, Hau, Wen, Nagengast, & Morin, 2013). Hence, each

indicator in & and &, should be used only once in the formation of the product indicators. In
this study, product indicators are formed based on the reliabilities of the indicators of  and &,
(i.e., the best item in &, with the best item in ¢, , for detailed discussion about construction of

product indicators see Marsh et al., 2004; Marsh, Hau et al., 2013).
Standardization

First, all individual indicators (rating item, test scores and coursework aspirations)
were standardised in relation to the total sample mean and standard deviation, as
recommended by Marsh and his colleagues (Marsh et al., 2004). Second, for total group
analysis, product indicators for the latent interactions were formed using the match-pair
strategy according to Marsh, Hau et al. (2013)’s guiding principles (also see Marsh et al.,
2004 for more discuss about the product predictors selection procedure). For the multi-group
analysis, the standardised indicators were centred (but not re-standardised the product term)
within country-specific mean before forming the product indictors for the latent interaction
variable (Nagengast et al., 2011). In order to obtain appropriate standardised results (Wen,
Marsh, & Hau, 2010), for total group analysis all latent factors (including the latent product
variables) were then standardise in relation to the total sample. For multi-group analyses, the
critical assumption of test whether the pattern of results generalises across groups is
invariance of factor structure. To provide parameter estimates standardised to a common
metric over the multiple groups, factor loadings and factor variances are needed to be
invariant across the four countries. More specifically, we conducted a preliminary CFA model
in which factor loadings and factor variances were constrained to be invariant over the
multiple groups, and the metric was identified by fixing the factor variances of constructs to
be 1.0 across the four groups, instead of fixing the first factor loading to 1.0. In subsequent
SEMs these standardised factor loadings were used to define the latent factors, fixing the first
factor loading for each factor to the value obtained in the CFA, in which the factor variances
were fixed to be 1.0. In this way, all parameter estimates were estimated in relation to a
standardised metric that was common across the four countries, providing appropriate
standardised results (see Marsh et al., 2015; Wen et al., 2010 for more details; also see below
for the Mplus syntax). As showed in the main text, we also conducted a series of invariance

tests with respect to factor covariances and path coefficient for multi-group measurement and
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structural models As the assumption of invariance was tenable, all results reported in this

study were based on multi-group SEM with factor loading, path coefficients and factor

variances and covariance invariances.
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Appendix 4-D:
Weight and goodness of fit

Weighting

Consistent with its two-stage stratified sampling design, TIMSS provides the
HOUWGT weighting variable that has six components, one each for school, class and student
level, and one each for adjustment factors associated with non-participation at these three
levels (See Marsh, Abduljabbar et al., 2013 for additional detail on the development of this
weighting variable). HOUWGT is based on the actual number of students in each
participating countries that is appropriate for correct computation of standard errors and tests
of statistical significance. Thus, the HOUWGT weighting variable was taken into account in
the data analysis.

Goodness of Fit

A number of traditional indices that are relatively independent of sample size were
utilised to assess model fit (Hu & Bentler, 1999): the comparative fit index (CFI), the root-
mean-square error of approximation (RMSEA) and the Tucker-Lewis Index (TLI). To explore
how well the hypothesised relations generalise across the four OECD countries, we conducted
multiple-group analyses (Bollen, 1989) and tested a series of increasingly stringent invariance
constraints on the parameters of measurement and structural parts of the model, in which little
or no change in goodness of fit supported invariance of the factor structure and parameter
estimates (Millsap, 2011; see Appendix D in the supplemental materials for more details). We
note that to compare differences in patterns of relations among multiple groups, it is only
necessary to have factor loadings invariant for latent variable models (Millsap, 2011;
Nagengast et al., 2011). Nevertheless, to facilitate interpretation of the parameter estimates in
relation to a common metric over the multiple groups, we also tested invariance models of
factor variances/covariances and path coefficients over the four countries (see Appendix C in
the supplemental materials for the standardization procedure).

Values greater than .95 and .90 for CFI and TLI typically indicate excellent and
acceptable levels of fit to the data. RMSEA values of less than .06 and .08 are considered to
reflect good and acceptable levels of fit to the data. To explore how well the hypothesised
relations generalise across the four OECD countries, we conducted multiple-group analyses
(Bollen, 1989) and tested a series of increasingly stringent invariance constraints on the
parameters of measurement and structural parts of the model, in which little or no change in
goodness of fit supported invariance of the factor structure (Marsh, Hau et al., 2013). Chen
(2007) have suggested that if the decrease in CFI is not more than .01 and the RMSEA
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increases by less than .015 for the more parsimonious model, then invariance assumptions are
tenable. To facilitate interpretation of parameter estimates in relation to a common metric
over the multiple groups, factor variances and covariances are also constrained to be invariant
over the four countries in this study (see Appendix E in the supplemental materials for the
standardization procedure). Other more stringent tests would have been necessary in order to
support the test of latent mean differences over time or models based on the use of manifest,

rather than latent, scale scores, which is not the case in the present study.
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Appendix 4-E:
Preliminary analyses tests

Table E1 Model fit statistics for the CFA and SEM Models used in the present study

Model Description r df CFI TLI RMSE  Model Description
A
Total group (TG) analysis
CFA
TG1 SC+1IV+UV 10757 722 963 952 .028 Motivational constructs in the four science domains
TG2 SC+1V + UV + SCxIV + SCxUV 16766 2090 953 942 .020 TG2 + two latent product variables
TG3 SC+1IV + UV + SCxIV + SCxUV + ACH + ASP 19406 2506 957 946 .019 TG4 + ASP and ACH
Second-order CFA model
TG4 SO(SC + 1V +UV) 40918 773 .852 .820 .054 High-order CFA model
Multi-group (MG) analysis
CFA
MG1 SC+1V + UV + ACH + ASP, CUs, Configural 18038 3912 964 951 .028 Correlated Uniqueness + No invariance
MG2 SC+1V+ UV + ACH + ASP, CUs, IN=FL 19416 4008 961 .948 .029 MGTH + factor loading invariance
MG3 SC+1V+ UV + ACH + ASP, CUs, IN=FL, FV 20138 4068 ,959 .947 .030 MG@G?2 + factor variance invariance
MG4 SC+1V+ UV + ACH + ASP, CUs, IN=FL, FV, CV 23961 4638 951 .944 .030 MG3 + factor covariance invariance
Additional tests of measurement invariance
MGES5 SC+1IV+ UV + ACH + ASP, CUs, IN=FL, INT 19427 4104 961 .950 .029 MG?2 + intercepts invariance
MGE6 SC+1IV+ UV + ACH + ASP, CUs, IN = FL, INT, Unq 24271 4236 .949 .936 .032 MGES5 +uniquenesses invariance
MGE7 SC+1V+ UV + ACH + ASP, CUs, IN=FL, INT, FMn 19264 4164 .962 951 .028 MGES + latent mean invariance
MGES8 SC+1IV+ UV + ACH + ASP, CUs, IN = FL, INT, Unq, FMn 24075 4296 .950 938 .032 MGE?7 + uniquenesses invariance
MGE9 SC+IV+ UV + ACH + ASP, CUs, IN = FL, INT, Unq, FV, CV, FMn 28925 4926 .033 .939 .934 MGES + factor variance and covariance invariance
SEM
MGS5 SC+1V+ UV + ACH + ASP, CUs, IN=FL, PC 21088 4344 958 .948 .029 MG?2 + path coefficients invariance
MG6 SC+1IV+ UV + ACH + ASP, CUs, IN=FL, FV, CV, PC 23961 4638 951 .944 .030 MG4 + path coefficients invariance
MG7a SC+1V+ UV + ACH + ASP, CUs, IN=FL, FV, CV, PC; Free = SCxIV 29880 6934 945 .936 .027 MG6 + freely estimated factor loading, factor variances and
covariance and path coefficients relating to SCxIV
MG7b SC+1V + UV + SCxIV + ACH + ASP, CUs, IN=FL, FV, CV, PC 31512 7228 .942 .936 .027 factor loading, factor variances and covariance and path
coefficients invariance for all latent variable
MG8a SC+1V+ UV + ACH + ASP, CUs, IN=FL, FV, CV, PC; Free = SCxUV 25644 7740 955 .947 .023 MG6 + freely estimated factor loading, factor variances and
covariance and path coefficients relating to SCxUV
MG8b SC+1IV+UV +SCxUV + ACH + ASP, CUs, IN=FL, FV, CV, PC 28647 8184 948 942 .024 factor loading, factor variances and covariance and path

coefficients invariance for all latent variable

Note. CFA = confirmatory factor analysis; SEM = Structural equation modelling; PC = path coefficients; SC = self-concept; [IV= intrinsic value; UV = utility value; ASP = coursework
aspirations; SCxIV = the product term of self-concept by intrinsic value interaction; SCxUV = the product term of self-concept by utility value interaction; IN = invariant; CUs = correlated
uniquenesses; UCUs = uncorrelated uniquenesses; FL = factor loading; FV = factor variances; CV = factor covariances; INT= item intercepts; Unq = item uniquenesses; FMn = factor latent
mean.
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Factor structure: preliminary CFA

In the preliminary analyses, we evaluated a series of CFAs of the factor structures
underlying the multiple domains of self-concept, intrinsic value and utility value, and their
relations to parallel measures of achievement and coursework aspirations. We began with an
evaluation of the results based on the total group. A critical feature of the TIMSS data is that
each motivation construct was measured by a mixture of positively and negatively worded
items, with parallel wording across the four science domains. This requires the inclusion of a
priori correlated uniquenesses, relating responses to negatively worded items and parallel
worded items, to obtain unbiased parameter estimates (see Marsh, Abduljabbar et al., 2013,
2015). Following previous TIMSS research (Marsh, Abduljabbar et al., 2013), these a priori
correlated uniquenesses were included in all CFA and SEM models. The goodness of fit for
the CFA models with proper methodological control for item wordings was good (e.g., CFI
&TLI > .942; see models TG1-TG3 in Table E1).

We also tested a second-order CFA model where global science self-concept, intrinsic
value and utility value were formed by the four corresponding first-order constructs from each
science domain. However, the second-order CFA model was highly unsatisfactory in terms of
model fits (e.g., CFI & TLI < .852; Model TG6 in Table E1), thus providing support for the
domain specificity and discriminant validity of these factors. This result indicates that it is
important to distinguish the patterns of theoretical predictions in relation to each of the four
science domains.

Tests of invariance of factorial structure over countries

A key interest of the present study is to evaluate the degree to which the results
generalise across the four OECD countries included in our sample. We began with an
evaluation of invariance of the factor structure over multiple groups (four OECD countries)
based on CFAs. The fit indices for the baseline model with no invariance constraints were
very good (e.g., CFI =.964, Model MG1 in Table E1). There was a negligible decrease in fit
(A CFI=.003, A TLI=.003) for Model MG2, in which the factor loadings were constrained
to be equal across groups, suggesting that the invariance of factor loadings was supported by
the data. Similarly, adding equality constraints on the factor variances (MG3) and covariances
(MG#4) resulted in a satisfactory level of fit to the data, and only a negligible change in fit
(A CFI=.008, A TLI =.003). These results support the generalizability of the factor
structure of the five constructs across the four countries (also see supplement analyses for a
more complete evaluation of invariance of measurement structure, for example, item
intercepts and uniquenesses invariance).

Domain specificity of Motivation Responses, Achievement, and Aspirations
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We examined relations among the five constructs to evaluate the expected domain
specificity of the motivation responses. Latent correlations among the 20 constructs (4
domains x 5 constructs) based on Model MG4 with invariant factor loadings, variances, and
covariances for motivational beliefs, achievement, and aspirations over the four OECD
countries, are presented in Table E2(below). The latent correlations among the four self-
concept factors ( = .28 to .42) and among the four intrinsic value factors (» = .23 to .40) in
different science domains were modest. These correlations were smaller than those among
utility value factors (r = .46 to .65). Of particular relevance, correlations among the four
coursework aspirations (r = .21 to .38) were much smaller than those among the four
achievement scores (» = .77 to .81). In summary, there was good support for the high domain
specificity of self-concept and intrinsic value, but the support for utility value was much
weaker. Our findings also provided good support for the domain specificity of coursework

aspirations but relatively weak support for the domain specificity of achievement scores
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Table E2 Latent correlations among self-concept, intrinsic value, utility value, achievement scores and coursework aspirations based on four

science domains

Science self-concept Science intrinsic value Science utility value Science achievement Science aspirations
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Science self-concept

1.PSC -

2.CSC 42 -

3.ESC 34 28 -

4.BSC 31 41 35 -

Science intrinsic value

5.PIV 9 27 20 .18 -

6.CIV 27 29 .15 .30 38 -

7.EIV 20 .14 77 .19 28 23 -

8.BIV A3 25 15 74 25 40 28 -

Science utility value

9.PUV 41 23 .14 .14 S50 28 .19 .18 -

10.CUV A9 40 .11 .22 25 49 .16 29 65 -

11.LEUV A3 14 34 .13 A8 19 45 .19 S50 .53 -

12.BUV A3 21 11 .39 A8 30 .19 51 46 .63 56 —

Science achievement

13.PACH 32 25 .21 .20 d6 .12 .07 .02 .09 -01 -05 -.02 -

14.CACH 31 25 .21 .26 d6 13 .07 .08 09 02 -02 .03 a7 -

I5ECAH 29 23 24 .25 A3 .09 .09 .06 07 -02 -03 -02 a7 .98 -

16.BACH 28 25 .23 .30 A2 12 .08 11 .04 -01 -.05 .00 .80 .80 .81 -

Science coursework aspirations

17.PAPS .57 20 .12 .11 Js5 30 21 .18 44 25 18 .18 .08 .05 .04 .03 -

18.CAPS 21 62 .09 .22 30 78 .16 .31 26 44 .19 27 07 .05 .04 .06 38 -

19.EAPS .14 .09 .60 .13 21 16 .76 .19 A8 15 40 .17 03 .02 .06 .04 26 21 -

20.BAPS .09 .19 .11 .57 A8 31 20 .75 A7 27 19 45 01 .03 .04 .06 22 35 25 —

Note. P = physics; C = chemistry; E = earth science; B = biology; SC = self-concept; IV= intrinsic value; UV = utility value; Standardised errors for all correlation coefficients are
approximately .01. All correlations greater than .023 or less than -.023 are statistically significant (p <.05); shaded correlations are convergent validity coefficients involving two
constructs in matching domains.
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Supplement analyses for invariance tests of item uniquenesses and intercepts and factor
means

As noted in the main text, our findings provided strong support the generalizability of the
factor structure of the five constructs (self-concept, intrinsic value, utility value, academic
achievement, and coursework aspirations) across the four OECD countries. We also conducted
supplement analyses to provide a more complete evaluation of measurement structure.

In Model MGES, we tested strong measurement invariance in which item intercepts, as
well as factor loadings, were constrained to be invariant across countries. Strong measurement
invariance is an important precondition for the comparability of factor means (and, in fact, also
of manifest mean comparisons) across countries. The changes in model fit between the weak
invariance model (MG2) and strong invariance model (MGES5) were negligible (equivalent CFIs
and RMSEAs and only slight decreases in TLIs). Thus, this finding provided strong support for
strong measurement invariance for the five constructs.

Subsequently, we tested strict measurement invariance (Model MGE®6), which required
that item uniquenesses, item intercepts, and factor loadings were all invariant over the countries.
The fit of Model MGE6 was reasonable (CFI = .949, TLI =.936; RMSEA = .029), but compared
to the strong invariance model (MGESY), the decrease in fit indices (A CFI=.012, A TLI=.014,
A RMSEA = .003) was substantially greater than the recommended cut-off values typically used
to argue for the less parsimonious model. The lack of support for uniqueness invariance suggests
that comparisons of manifest means of the constructs across countries is apparently inappropriate.

In Model MGE7, we tested latent mean invariance by imposing constraints on latent
mean based on Model MGS5. The change in model fit is marginal (A CFI =.001, A TLI=.001,
A RMSEA = .003; also see MGE6 versus MGES), indicating that there is no difference at the
mean level of the five constructs across the four OECD countries.

An evaluation of invariance of path coefficients in multiple-group SEMs

We began with an evaluation of the SEM models without latent product variables
(Models MG5- MG6). In comparison to the model with only factor loadings invariant (MG2),
there was a very small decrement in fits (A CFI =.001, equivalent TLI& RMSEA) for Model
MGS5 in which factor loading and path coefficients were constrained to be the same. Model MG6
with the invariance of factor loadings, path coefficients, and factor variances and covariances
(equivalent to the CFA measure model [Model MG4] with factor loading and factor variances
and covariances invariances in terms of goodness of fit) provided a somewhat poorer fit to the
data than Model MGS5, but the difference in fit is tenable (A CFI =.007, A TLI =.004,

A RMSEA = .001). When latent product variables were included, we also found good support
for the invariance of factor loadings, path coefficients, and factor variances and covariances

(Models MG6 — MG8Db).
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Appendix 4-F
Full results for the models
Table F1 The predictive effects of achievement on self-concept, intrinsic value and utility

value based on four science domains

Motivation outcome variables

Model MG6
Predictors Self-concept Intrinsic value Utility value
Physics
Physics Ach .16 (.02)* 13 (L02)* .09 (.02)*
Chemistry Ach 17 (.02)* A1 (.02)* 11 (.02)*
Earth science Ach .06 (.02)* -.00 (.02) .01 (.02)
Biology Ach -.02 (.02) -.08 (.02)* - 13 (.02)*
Chemistry
Physics Ach .09 (.02)* .03 (.02) .00 (.02)
Chemistry Ach 12 (.02)* 11 (L02)* .09 (.02)*
Earth science Ach .01 (.02) .06 (.02)* -.08 (.02)*
Biology Ach .07 (.02)* .04 (.02)* -.01 (.02)
Earth science
Physics Ach .00 (.02) -.03 (.02) -.07 (.02)*
Chemistry Ach .00 (.02) -.03 (.02) .08 (.02)*
Earth science Ach 15 (.02)* .10 (.02)* .02 (.02)
Biology Ach 11 (.02)* .04 (.02)* -.07 (.02)*
Biology
Physics Ach -.14 (.02)* -.18 (.02)* -.08 (.02)*
Chemistry Ach .08 (.02)* .05 (.02)* 13 (.02)*
Earth science Ach .04 (.02)* .03 (.02) -.07 (.02)*
Biology Ach 32 (.02)* .23 (.02)* .02 (.02)
Summary (Means across different sets of path coefficients based on 4 domains

Mn Total .07 (.00)* .03 (.00)* .00 (.00)
Mn Match 19 (01)* 14 (.02)* .05 (.01)*
Mn NoMatch .04 (L01)* -.02 (.00)* -.02 (.00)*

Difference A5 (0)* 16 (0)* .07 (L01)*

Note. SC = self-concept; [V= intrinsic value; UV = utility value; Ach = Achievement; shaded estimates
are path coefficients from achievement to motivational constructs in the matching domain; * p < .05
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Table F2 The predictive effects of self-concept, intrinsic value, utility value and their interactions on coursework aspiration based on four

science domains

Motivation predictors

Model MG6
SC 1\Y uv SC 1\Y Uuv

Physics Physics 07 (.03)* .68 (.03)* .06 (.01)* .05 (.03)* .72 (.03)* .06 (.01)*

Coursework Chemistry -.02(.03) .04 (.03) .02(.01) -.02(.02) .03(.02) .02(.01)

Aspirations  Earth science .05 (.02)* .06 (.02)* .01 (.01) .05 (.02)* .04 (.02) .01 (.01)

Biology -.05 (.02)* -.08 (.02)* .03 (.01)* -.05 (.02)* -.06 (.02)* .02 (.01)

Chemistry  Physics -.01(.03) .02(.03) .02(.01) 01(.02) -.01(02) .02(.01)
Coursework Chemistry .08 (.03)* .69 (.03)* .06 (.01)* .08 (.03)* .73 (.03)* .06 (.01)*

Aspirations  Earth science .06 (.02)* .02 (.02) .01 (.01) .05 (.02)* .01 (.02) .02 (.01)
Biology 02 (.02) -.02(02) .01(.01) .02 (.02) -.02(.02) -.01(.01)

Earth Physics -.05(.03) .06(.03) .01(.01) -.03(.02) .02(02) .02(.01)
science Chemistry .03 (.02) -.04 (.02) .01 (.01) .02 (.02) -.04 (.02) -.01(.01)
Coursework Earth science 10 (.03)* .66 (.02)* .06 (.01)* .07 (.02)* .71 (.02)* .05 (.01)*

Aspirations  Biology -.03(.02) .01(.02) .01 (.01) -.02(.02) -.00(.02) .01(.01)

Biology Physics -.05(.02)* .01(.03) .02(.01) -.05(.02)* -.02(.02) .02(.01)
Coursework  Chemistry -.02(.03) .05(.02)* -.01(.01) -.01(.02) .05(.02)* -.01(.01)

Aspirations  Earth science -.04 (.02) .02(.02) .01(.01) -.04 (.02) .01(02) .01(.01)
Biology A3 (.02)* .63 (.02)* .07 (.0OD)* .08 (.02)* .66 (.02)* .07 (.01)*
Mn Total 03 (.0H*  .17(.00)* .03 (.00)* .01 (.01) 18 (.00)* .02 (.00)*
Mn Match Jd0.0D* .67 (.01)* .06 (.O1)* 07 (oDH* .70 (.01)* .06 (.01)*
Mn NoMatch .01 (.01) .01 (.01) .02 (.00)* -.01(.01) .00 (.00) .01 (.00)*
Difference .09 (.02)* .66 (.0)* .05 (.0D)* 08 (.02)* .70 (.02)* .06 (.0D)*

Note. SC = self-concept; IV=intrinsic value; UV = utility value; SCxIV = self-concept by intrinsic value interaction; SCxUV = self-concept by utility value
interaction; shaded estimates are path coefficients from motivational constructs to coursework aspirations in the matching domain; * p < .05.
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Table F3 The predictive effects of self-concept, intrinsic value, utility value and their interactions on coursework aspiration based on four

science domains

Motivation predictors

Model MG7b Model MG8b
Outcomes SC IV UV SCxIV SC IV UV SCxUV
Physics Physics .08 (.03)* .67 (.03)* 07 (0H)* .09 (.01)* .05 (.03)* 72 (.03)* .06 (.01)* .07 (.01)*
Coursework  Chemistry -.02 (.03) .05 (.03) .02 (.01) -.02 (.01) -.02 (.02) .03 (.02) .02 (.01) -.01 (.01)
Aspirations Earth science .05 (.02)* .06 (.02)* .01 (.01) -.02 (.01)* .05 (.02)* .04 (.02) .01 (.01) -.00 (.01)
Biology -.05(.02)*  -.07(.02)* .03(.0DH* -.01(01) -.05(.02)*  -.06 (.02)* .02 (.01) -.00 (.01)
Chemistry Physics -.01 (.03) .03 (.03) .02 (.01) -.04 (.01)* .01 (.02) -.01 (.02) .02 (.01) .01 (.010)
Coursework  Chemistry .07 (.03)* .68 (.03)* 05o0DH* .12 (.01)* .07 (.03)* 73 (.03)* .06 (.01)* .06 (.01)*
Aspirations Earth science .06 (.02)* .03 (.02) .01 (.01) -.03 (.01)* .06 (.02)* .01 (.02) .02 (.01) -.02 (.009)
Biology .02 (.02) -.03 (.02) .01 (.0D) .01 (.01) .01 (.02) -.02 (.02) -.01(.01) .05(.010)
Earth science  Physics -.05 (.03) .05 (.03) .01 (.01) -.02 (.01)* -.03 (.02) .02 (.02) .02 (.01) .01 (.01)
Coursework  Chemistry .03 (.02) -.04 (.02) .01 (.01) .01 (.01) .02 (.02) -.04 (.02) -.01(.01) .02(.01)
Aspirations Earth science 11 (.03)* .65 (.02)* .05 01* .13 (.01)* .08 (.02)* 71 (.02)* .05 (.01)* .07 (.01)*
Biology -.03 (.02) .01(.02) .01 (.01) -.02 (.01)* -.02 (.02) -.00 (.02) .01 (.01) -.02 (.01)*
Biology Physics -.05(.02)*  .01(.03) .02 (.01) -.03 (.01)* -.05(.02)*  -.02(.02) .02 (.01) .00 (.01)
Coursework  Chemistry -.02 (.03) .05 (.02)* -.01(.01) -.01(.01) -.01 (.02) .05 (.02)* -.01(.01)  -.02(.01)
Aspirations Earth science -.04 (.02) .02 (.02) .01 (.01) -.03 (.01)* -.04 (.02) .01 (.02) .01 (.01) -.01 (.01)
Biology 12 (L02)* .62 (.02)* 08 (.0DH* .15 (.01)* .08 (.02)* .66 (.02)* .07 (.0D)* .08 (.01)*
Summary (Means across different sets of path coefficients based on 4 domains
Mn Total .03 (L01)* 17(.00)* .03 (.00)* .02 (.00)* .01 (.01) 18 (L00)* .02 (.00)* .02 (.00)*
Mn Match 10(.01)* .66 (.01)* 06 (0)* 12 (01)* 07 (01)* 70 (L01)* 06 (01)* .07 (.01)*
Mn NoMatch .01 (.01) .01 (.01) .02 (.00)*  -.02 (.00)* -.01 (.01) .00 (.00) .01 (.00)*  -.00 (.00)
Difference .09 (.02)* .66 (L01)* 05 (0D* 14 (01)* .08 (.02)* .70 (.02)* 06 (0DH* .08 (LO1)*

Note. SC = self-concept; IV=intrinsic value; UV = utility value; SCxIV = self-concept by intrinsic value interaction; SCxUV = self-concept by utility value

interaction; shaded estimates are path coefficients from motivational constructs to coursework aspirations in the matching domain; * p < .05.
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External Appendix G:

Supplemental analyses for interaction effect between self-concept and value

In the main text, latent interactions between self-concept and intrinsic value as well as
between self-concept and utility value, when these two multiplicative terms (self-concept x
intrinsic value and self-concept x utility value) are considered separately.

Subsequently, we included the two sets of latent interactions into the same model (i.e, Model
MG9a — MG9c in Table G1). All first-order effects and interaction effects between self-
concept and intrinsic value were significantly positive and similar in size with the pattern of
results from Model MG7a-MG7b (See Table 2 in the main text) where only self-concept and
intrinsic value interactions were included (see Table G2). However, the interactions between
self-concept and utility value lost their predictive power on coursework aspirations. Given
that correlations between matching domains of latent product variables were substantial (»
=.58t0 .69, Table G3), we argue that the parameters involving interaction effects in this
model should be interpreted with caution. In Model MG10c, we constrained the paths leading
from self-concept by intrinsic value interactions to aspirations and those from self-concept by
utility value interactions to be equal. The model fits the data as well, and there was a very
small decrement in CFI (A .001) and RMSEA (A .001) but no difference in TLI in
comparison to Model MG9c. We also found a notable reduction in the size of the standard
errors (from [.011 to .016] to [.004 to .006]) associated with the paths from all domain-
specific interactions to aspirations. The results for this model show that all domain-specific
interactions positively predicted matching measures of aspirations (M = .06, SE = .003). Thus,
the results suggest that both types of domain-specific latent interaction (self-concept-by-
intrinsic value, and self-concept-by- utility value) may make similar contributions to the

prediction of coursework aspirations (Marsh, Dowson, Pietsch & Walker, 2004).
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Table G1 Model fit statistics for cfa and sem models used in the present study

Model  Description Y df CFI  TLI RMSEA

SEM
MG9a SC+IV+UV+ ACH + ASP, CUs, INV =FL, FV, PC; Free = PT(scXiv, scXuv) 33843 10516 .946 936 .022
MG9%  SC+IV +UV + PT(scXiv,scXuv) + ACH + ASP, CUs, INV =FL, FV, PC 34934 10792 .945 935 .022
MG9¢  SC+ 1V + UV + PT(scXiv,scXuv) + ACH + ASP, CUs, INV =FL, FV, CV, PC 38453 11398 .939 931 .023
MGI10a SC+IV+UV+ACH + ASP, CUs, INV =FL, FV, PC; Free = PT(scXiv, scXuv), PC (scXiv=scXuv) 34039 10580 .946 936 .022
MGI10b SC+1IV +UV + PT(scXiv,scXuv) + ACH + ASP, CUs, INV =FL, FV, PC (scXiv = scXuv) 35081 10808 .944 935 .022
MG10c SC+ 1V + UV + PT(scXiv,scXuv) + ACH + ASP, CUs, INV =FL, FV, CV, PC (scXiv = scXuv) 38629 11414 938 931 .023

Note. SC = self-concept; IV=intrinsic value; UV = utility value; PT = product term; ASP = coursework aspirations; scXiv = the product term of self-concept by
intrinsic value interaction; scXuv = the product term of self-concept and utility value interaction; INV = invariant; CUs = correlated uniquenesses; UCUs =
uncorrelated uniquenesses; FL = factor loading; FV = factor variances; CV = factor covariances; Free = PT (scXiv): freely estimate factor loading, factor variances
and covariance and path coefficients with respect to scXiv; Free = PT (scXuv): freely estimate factor loading, factor variances and covariance and path coefficients
with respect to scXuv; PC (scXiv = scXuv): constrain the path coefficients from scXiv to ASP and from scXuv to ASP to be equal
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Table G2 the predictive effects of self-concept, intrinsic value, utility value and their interactions on coursework aspiration based on four

science domains (standardised path coefficients as a ratio of standard errors)

Outcome Motivation Predictors
Model MG9c Model MG10c
SC IV UV SCxIV SCxUV SC IV UV scXiv = scXuv
Physics Physics .064/.028 .686/.030 .083/.016  .063/.015 .045/.013 .060/.027  .696/.029 .078/.016  .053/.005
Coursework ~ Chemistry -.026/.025  .040/.026 .016/.013  -.021/.013 .004/.013 -.019/.025 .032/.025 .018/.013  -.008/.005
Aspirations Earth science  -.071/.024  .054/.023 .004/.011  -.025/.012 .008/.013 -.062/.023 .044/.022 .007/.011  -.009/.005
Biology -.047/.023  -.065/.022  .022/.012 .002/.013  -.008/.015 -.047/.023 -.061/.022 .022/.012 -.002/.005
Chemistry Physics -.011/.027  .024/.027 .023/.015  -.048/.014 .024/.013 .017/.028 -.012/.027 .030/.015 -.008/.006
Coursework ~ Chemistry .074/.027 .689/.027 .057/.013  .113/.013  .005/.014 .061/.028 .718/.028 .053/.013  .059/.006
Aspirations Earth science  -.061/.023  .019/.022 .017/.011  -.031/.013 .001/.013 -.061/.024 .019/.022 .017/.011 -.015/.005
Biology .018/.022 -.016/.021  -.002/.013 -.010/.013 .018/.014 .015/.022  -.013/.021 -.004/.013 .003/.005
Earth science  Physics -.067/.027 .024/.028 .019/.014  -.051/.013 .029/.013 -.035/.027 .024/.027 .027/.015 -.009/.006
Coursework ~ Chemistry .028/.024  -.043/.024  .006/.014 -.011/.012 .020/.013 .029/.025  -.045/.025 .007/.014  .006/.005
Aspirations Earth science .101/.025 .662/.024  .060/.011 .130/.014 -.001/.013 .067/.025 .703/.024 .048/.011  .063/.005
Biology -.033/.022 .005/.021 .011/.013  -.021/.014 -.005/.014 -.024/.022 -.001/.021 .012/.013 -.015/.004
Biology Physics -.023/.027  .004/.028 .021/.016 -.036/.013 .017/.011 -.006/.026 -.019/.026 .020/.015 -.006/.005
Coursework  Chemistry -.048/.024  .046/.024 -.001/.014 -.017/.012 .006/.012 -.054/.024 .052/.025 -.001/.014 -.010/.005
Aspirations Earth science ~ -.042/.023  .018/.022 .007/.012  -.030/.013 .007/.013 -.041/.023 .017/.021 .016/.012 -.014/.005
Biology .123/.023 .635/.022 .077/.012  .159/.015 -.019/.016 .110/.023  .644/.022  .063/.013  .073/.004
Summary (Means across different sets of path coefficients based on 4 domains)
Mn Total .003/.003 .174/.003 .027/.002  .010/.003  .010/.003 .003/.003  .175/.003  .027/.002 .010/.001
Mn Match .090/.012 .668/.013 .069/.006 .116/.007  .008/.007 .075/.013  .690/.013  .061/.006 .062/.003
Mn NoMacth -.032/.005  .011/.005 .013/.003  -.025/.003 .010/.003 -.024/.005 .003/.005 .015/.003  -.007/.001
Difference 122/.016 .657/.017 .056/.007 .141/.008 -.002/.008 .099/.017 .687/.017 .046/.007  .069/.004

Note. SC = self-concept; IV=intrinsic value; UV = utility value; scXiv = self-concept by intrinsic value interaction; scXuv = self-concept by utility
value interaction. Shaded estimates are path coefficients from motivational constructs to coursework aspirations in the matching domain
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Table G3 Latent correlation among product variables based on four science domains

Self-concept by intrinsic value Self-concept by utility value
1 2 3 4 5 6 7 8

Science self-concept by intrinsic value

L.PSCxIV -

2.CScxiv - 379 -

3. ESCxIV 251 214 -

4BSCxIV 220 334 279 -

Science self-concept by utility value

5PSCxUV 577 196  .152  .135 -

6.CSCxUV 235 586  .131 .201 345 -

7.ESCxUV .136  .101  .574 .139 226 213 -
8.BSCxUV .130 .149 .144 .637 192 255 214 -

Note. P = physics; C = chemistry; E = earth science; B = biology; SC = self-concept; IV = intrinsic
value; UV = utility value; scXiv = self-concept by intrinsic value interaction; scXuv = self-concept
by utility value interaction.
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External Appendix 5-A
Factor structure, mean, standard deviation, distribution for the scales of self-concept and self-reported effort
Table A1 Factor structure, mean, standard deviation, and distribution for the scales of self-concept and self-reported effort
Variables Items Factor M SD  Skewness Kurtosis
loading
Self-concept I'm not talented in math. .83 217 96 42 -.79
Doing math does not come naturally to me. .88 234 98 .18 -.99
I'm good at math. .88 2,67 .89 -.13 =74
Doing math is easy for me. .88 249 93 .00 -.86
I always have a hard time with math tasks. 1 2.07 .82 40 -.40
Self-reported effort I work hard in math. .68 245 72 .06 =27
I give my best in math. 78 3.02 .78 -43 -.31
I really put an effort into math. 81 289 77 -28 -.35
I work very thoroughly on all of my math tasks and homework assignments .60 273 78 -.14 -42
I don't give up even when math tasks are difficult. 43 2,66 .82 -.01 -.61
I participate in math classes as well as I can. .58 3.14 .74 -51 -.19
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External Appendix 5-B
Supplemental materials for descriptive statistics and intercorrelations

Table B1 Mean, standard deviation, distribution and intercorrelations among motivational beliefs and outcome variables

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1. Self-concept —
First-order value components
2. Importance of achievement 41 —
3. Personal importance S8 87T —
4. Utility of school 20 .68 .69 —
5. Utility for diary life 35 43 61 47 —
6. Social utility 28 39 46 30 36 —
7. Utility for job 35 55 63 .66 51 .27 —
8. General utility for future life 45 48 69 52 86 .32 76 —
9. Low effort required J6 025 45 12 25 .20 21 33 —
10. Low emotional cost 79 34 56 31 33 .19 31 4 90 —
11. Low opportunity cost S8 17 27 .10 .16 (04) .14 23 65 .67 —
12. Intrinsic value 80 .50 .76 38 49 40 39 53 70 76 4T —
Second-order value components
13. Attainment value S - = - - — —_ = = = — 72 —
14. Utility value 45 - - - — — - = - = — 57 75 —
15. Low cost 8 - - — — — - — — — — 76 50 41 —
Outcomes
16. Achievement S30022 27 16 .20 .10 A8 23 42 45 32 42 27 24 46 —
17. Self-reported effort 30 52 60 24 30 .15 28 35 23 24 17 40 .60 36 25 .18 —
18. Teacher-rated engagement 36 .23 28 .12 .15 .07 A4 17 29 30 22 31 28 .18 31 47 38 —
M 272 295 267 3.12 240 1.74 3.08 2.70 1.63 198 228 225 295 2.61 1.93 48.25 2.82 2.90
SD 81 65 .62 59 .73 .63 70 74 83 78 73 85 .65 .48 .68 1731 .55 .81
Skewness -26 -32 -14 -42 06 .68 -53 -16 -07 -62 -95 27 -32 -05 -39 25 -22-26
Kurtosis -85 -14 -36 .22 -55 .06 -18 -48 88 27 -31 -82 -14 -24 .60 -34 .09 -.68
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External Appendix 5-C
Supplemental materials for factor structure based on second-factor models

Table C1 Standardised factor loadings for second-order cfa of value beliefs (SO-4V)

Items Factor

IV. ACH PER SCH DAI SOC JOB FUT EFF EMO OPP AV UV CO

Yl 091

Y2 92

Y3 .90

Y4 81

Y5 78

Y6 .82

Y7 .84

Y8 78

Y9 .70

Y10 .70

Y11 .68

Y12 .79

Y13 .59

Y14 17

Y15 53

Y16 .66

Y17 .79

Y18 .80

Y19 .79

Y20 .69

Y21 .63

Y22 .83

Y23 1

Y24 72

Y25 .80

Y26 81

Y27 17

Y28 81

Y29 .86

Y30 .90

Y31 76

Y32 78

Y33 .87

Y34 5

Y35 .68
Y36 .82
Y37 .83
ACH .83
PER 1.00
SCH .65
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DAI .83
SOC 41
JOB 76
FUT .95
EFF 91
EMO .99
OPP .68

Note. IV = Intrinsic value; AV = Attainment value; ACH= Importance of achievement; PER
= Personal importance; UV = Utility value; SCH = Utility for school; DAI = Utility for daily
life; SOC = Social utility; JOB = Utility for job; FUT = General utility for future life; CO =
Cost; EFF = Effort required; EMO = Emotional cost; OPP = Opportunity cost.

Table C2 Standardised factor loadings for second-order bi-factor cfa model (SO-B-4V)

Items Factors
IV ACH PER SCH DAI SOC JOB FUT EFF EMO OPP AV UV CO Global

Y1 .36 .84
Y2 .35 .85
Y3 .30 .84
Y4 22 78
Y5 .63 46
Y6 .65 49
Y7 .68 47
Y8 72 37
Y9 .53 A48
Y10 .24 .67
Y11 52 47
Y12 33 12
Y13 23 55
Y14 53 .58
Y15 47 22
Y16 .60 31
Y17 .62 47
Y18 .65 45
Y19 73 38
Y20 .64 23
Y21 48 44
Y22 .81 .30
Y23 .61 34
Y24 .64 .36
Y25 .62 S
Y26 .67 49
Y27 47 -.63"
Y28 58 -.56"
Y29 .68 -.55°

Y30 .65 -.62°
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Y31
Y32
Y33
Y34
Y35
Y36
Y37
ACH
PER
SCH
DAI
SOC
JOB
FUT
EFF
EMO
OPP

44
43
58
57

1

78

.67
.94
.90

41
15
A1
.62
1.00

.85
91
.63

301

-.62°
-.64°
-.66"
-51°
-.19°
-32°
-.46"

Note. * items were used to measure perceived cost. All factor loadings were statistically
significant at the .001 level of confidence. All value facets are labelled by acronym (see Table

Cl).
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External Appendix 5-D
Plot comparisons between uncentred (raw scores) and centred regression equations according to Aiken & West (1991)

Capital letters were assigned to a raw score and lowercase letters were assigned to its deviation from the mean. Two regression models

describe the same regression surface:

Y=ﬁ10+/3”X+ﬂ12Z+ﬂl3XZ+81 (1)
Y =B+ By x+ Bzt Brxzte, (2)
And x=X-pu.,y=Y-u, 3)

After substituting (1) into (2) and regrouping terms,

Y = (ﬁzo - le.ux - ﬁZZJLLy + .323.ux.uy)+ (ﬁz] - ﬁ23.uy )X + (Bzz - .st.ux )Z + ﬁ23XZ (4)
Supposed that the lowercase letter x,z presented centred predictors with 1 SD. The capital letter X,Z presented the raw categorical

predictors ranging from 1 to 5 with mean = 3 and 1 SD. The outcome Y was also mean centred with 1SD. We supposed the pure synergistic

interaction ( 3,, =0,,, =0,5,, =0,8,, = .30 ). Based on (1.4), these regression coefficients were converted to

(B, =2.7.B,,=-0.9,8,, =-0.9,3,, = 30).

Pure synergistic interaction effect (z-scores) Pure synergistic interaction (raw scores)

1.0

-1 — MSC=4
— = MSC=3
== MSC=2

1.0

-| = MSC=1SD
= = MSC = Mean
-- MSC=-1SD

0.5
0.5
1

ACH (SD)
0.0
Il
ACH (SD)
0.0

-0.5
-0.5

-1.0
-1.0

T T T T T T T T T T
-1.0 -0.5 0.0 0.5 1.0 2.0 25 3.0 35 4.0

Value (SD) Value
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