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Abstract

Expectancy-value theory highlights the roles of students’ expectancies, task values, and
perceived costs in their motivation and achievement. While ample research has highlighted the
positive associations of expectancy beliefs and task values with academic achievement, research
on students’ perceived costs is in its infancy. We investigated the temporal interrelations among
expectancies, task values and different types of perceived cost, the role of these constructs in
biology achievement, and the role of perceived costs as a moderator in the relations of
expectancy beliefs to biology achievement. A cross-lagged path analysis of semester-long data
from 234 undergraduate biology students pointed to variable relations among expectancies, task
values, perceived costs, and biology achievement. For example, while early expectancy beliefs
related to later attainment and interest value, early task values and perceived costs did not relate
to later expectancy beliefs. Furthermore, early attainment value related to later effort and
opportunity cost. Expectancy beliefs and effort and opportunity cost in biology were associated
with final biology grade. Finally, effort cost moderated the relationships between expectancy
beliefs and students’ final grades. These findings provide evidence for the dynamic relations
among perceived costs, task values, and expectancy beliefs over a semester and point to the
interplay between expectancies and perceived costs in their relation to academic achievement in
science.
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Interrelations Among Expectancies, Task Values, and Perceived Costs in Undergraduate Biology
Achievement
1. Introduction

Students’ motivation for choosing and investing in an academic task is undergirded not
only by positive draws such as interest and desire to achieve (i.e., task values) but also by
concerns about the drawbacks of engaging in the task (Eccles et al., 1983). Yet, until recently,
motivational research has focused primarily on the positive incentives for engagement with much
less attention given to those perceived downsides and obstacles. The perceived drawbacks, or
perceived costs, of engaging in a task may play a particularly crucial motivational role in the
context of challenging introductory undergraduate science, technology, engineering and math
(STEM) courses that often serve as a gateway into the STEM career pipeline. Indeed, previous
research has found that many students describe the time and effort requirements for STEM
courses as too difficult and as a main reason for leaving the major (Seymour & Hewitt, 1997).
Yet, there have been few studies examining the role of perceived costs in achievement and
persistence in STEM (Barron & Hulleman, 2015; Wigfield & Cambria, 2010). Furthermore,
there have been few studies examining the reciprocal effects of such incentives and drawbacks
on each other over time. Understanding how these perceived drawbacks are formed and their
effects on STEM achievement is important for understanding and intervening in attrition from
STEM disciplines.

The theoretical framework guiding this study is Expectancy-Value theory (EVT; Eccles
et al., 1983). EVT is a prominent motivation theory that explains students’ choice of,
achievement in, and persistence in academic tasks. EVT research in the past three decades
highlights the positive relationships of students’ expectancy beliefs and task values to their
academic achievement and persistence (see Wigfield & Cambria, 2010; Wigfield & Eccles,
2000; Wigfield, Tonks, & Klauda, 2009 for reviews). However, a gap remains in this body of
research regarding the relations of students’ cost perceptions to such outcomes (Barron &

Hulleman, 2015; Wigfield & Cambria, 2010). Emergent research on perceived costs supports
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hypotheses that cost perceptions are negatively related to outcomes such as achievement and
persistence intentions (e.g., Battle & Wigfield, 2003; Trautwein et al., 2012) and are positively
related to undesirable outcomes such as students’ emotional risk factors and their intentions to
leave an undergraduate major (e.g., Author et al., 2014; Dever, 2016). However, there is still
very little that is understood with regard to the role played by different types of perceived cost in
students’ academic outcomes, especially alongside the role of the different types of value
(Trautwein et al., 2013). Furthermore, there has been little research on how success expectancies,
values, and costs relate to each other over time. Finally, there are open questions regarding
whether the relations between expectancy beliefs and academic achievement outcomes are
similar among students with different levels of perceived costs (Barron & Hulleman, 2015;
Trautwein et al., 2013). While there has been some research on effects of interactions between
task values (including perceived costs) and expectancy beliefs on academic outcomes (e.g., Guo,
Parker, Marsh, & Morin, 2015; Guo et al., 2016; Nagengast et al., 2011), additional research is
needed to understand interactions between expectancy beliefs and costs, particularly with regard
to the interactive effects of expectancy beliefs and the cost subcomponents.

In the current study, we investigated the temporal relations of perceived costs, task
values, and expectancy beliefs across a semester in a sample of undergraduate students in a
gateway biology course. Specifically, we pursued three aims. First, we examined the reciprocal
relations among expectancy beliefs, task values, and perceived costs over two time points within
the semester. Second, we examined the unique associations of perceived costs with biology
course achievement, after accounting for task values and expectancy beliefs. Third, we examined
whether perceived costs moderated the relations between expectancy beliefs and biology course
achievement. The findings of this study can contribute both to theory and research in
expectancy-value theory and to research on motivational factors underlying achievement in
gateway STEM courses.

1.1 The Expectancy-Value Model of Achievement Motivation
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According to Eccles’s and colleagues’ Expectancy-Value model of achievement
motivation (Eccles et al., 1983), students’ choices to engage and persist in a task—and their
success on the task—are contingent on their: 1) ability beliefs/expectancies to succeed on the task,
2) valuing of the task, and 3) cost perceptions for engaging in the task (Barron & Hulleman,
2015; Eccles, 2009; Eccles et al., 1983). Over 30 years ago, Eccles and her colleagues (Eccles et
al., 1983) proposed an expectancy-value model that included three types of task-value—
attainment value, utility value, and intrinsic/interest value—and specified perceived costs as a
contributing factor to the overall value of the task. In subsequent writings, perceived costs were
presented as an additional component of task values (Wigfield & Cambria, 2010). This model
has generated a sizable body of research on the development of expectancy beliefs and task
values and their relations with academic outcomes. However, recently, scholars have argued that
the perceived cost component is distinct from other task values and that it should be considered
as its own separate category (Barron & Hulleman, 2015).

1.1.1 Ability beliefs and expectancies for success in the task

Ability beliefs and expectancies for success in the task refer to self-beliefs about one’s
ability in a domain and whether one can be successful on a task. These perceptions are
conceptually similar to other competence beliefs including academic self-concept and self-
efficacy (Trautwein et al., 2013; Wigfield & Eccles, 2000). Empirically, Eccles and Wigfield
(1995) found that ability beliefs and expectancies for success are indistinguishable. Therefore,
these constructs are often combined in expectancy-value research. In this study, we follow the
precedent of combining ability beliefs and expectancies for success and we refer to this
combined construct as expectancy beliefs from this point forward.

1.1.2 Task values

Task values are the features of the task that attract an individual to engage in and persist
in the task (Eccles et al., 1983). Task values include 1) attainment value, which refers to aspects
of the task that the student perceives as important to his or her identity, 2) utility value, which

refers to perceptions about the usefulness of engaging and succeeding in the task for achieving
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future goals, and 3) interest value, which refers to beliefs about the enjoyment or interest the
student would derive from engaging in the task.

1.1.3 Perceived costs

Perceived costs concern perceived drawbacks associated with engaging in the task.
Theoretical conceptualizations of perceived costs (Eccles et al., 1983), as well as recent
empirical research (Battle & Wigfield, 2003; Flake, Barron, Hulleman, McCoach, & Welsh,
2015; Perez, Cromley, & Kaplan, 2014;), have identified at least three different perceived cost
components, including 1) effort cost, which refers to the belief that the time and effort required
to succeed in the task are high and may not be worthwhile, 2) opportunity cost, which refers to
the perception that other valued activities must be sacrificed in order to complete the task, and 3)
psychological cost, which refers to the fear of failure and psychological threat associated with
engagement in the task (Eccles et al., 1983). Other perceived cost dimensions have also been
identified, including emotional costs, ego costs, and outside effort costs (Flake et al., 2015;
Gaspard et al., 2015; Jiang, Rosenzweig, and Gaspard, 2018). There are similarities across some
of these cost dimensions in their conceptualization and measurement. For example, there is
considerable overlap between psychological cost as it is operationalized in this study and ego
cost as it is operationalized in Jiang et al. (2018). Indeed, one could argue that these constructs
are one and the same; however, addressing such theoretical considerations is beyond the scope of
this study. In this study, we use the term psychological cost, which is in line with terminology
used in prior research (Perez et al., 2014) and in prior theorizing about cost perceptions (Eccles
et al., 1983). Further, we focus on effort, opportunity, and psychological costs (Eccles et al.,
1983) in this study as these constructs may be particularly relevant in STEM disciplines (Perez et
al., 2014; 2019) given the challenges associated with pusrsuing STEM majors (Hurtado,
Newman, Tran, & Chang, 2010).

According to the expectancy-value model, students will be ideally motivated when
expectancy beliefs and task values are high, and perceived costs for the task are low.

Importantly, while expectancy-value theory does not make clear predictions about whether the
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different types of perceived cost might have different relations with outcomes, such differences
were found in prior research (Perez et al., 2014). Perez and colleagues previously examined the
relations between effort, opportunity, and psychological costs and STEM outcomes and found
that effort cost had the strongest relation to intentions to leave the STEM major. In comparison,
opportunity cost had a small relation and psychological cost was not related to the outcomes.
Thus, while EVT suggests that any type of cost will reduce the student’s motivation to choose
and invest in the task, it may be that different types of perceived costs play different roles for
students with different characteristics, in different situations, and perhaps for different types of
tasks. Clearly, more research is needed to determine if different perceived costs have different
relations with outcomes in STEM. Therefore, in this study, we examine the unique relations of
each of these different perceived costs to achievement alongside expectancies and different types
of task values.
1.2 Interrelations of Expectancy Beliefs, Values, Costs, and Academic Qutcomes

Research on the relations of different competence beliefs (expectancy beliefs, self-
efficacy, and self-concept) and task values with academic outcomes is abundant (see Trautwein
et al., 2013 and Wigfield & Cambria, 2010 for reviews). Multiple studies with different student
populations and in different contexts have found that both competence beliefs and task values are
positively related to academic achievement and persistence, including in STEM domains (e.g.,
Acee & Weinstein, 2010; Bong, 2001; Chen & Liu, 2009; Chow, Eccles, & Salmela-Aro, 2012;
Durik, Vida, & Eccles, 2006; Eccles, 1987; Hulleman, Godes, Hendricks, & Harackiewicz, 2010;
Luttrell et al., 2010; Meece, Wigfield, & Eccles, 1990; Neuville, Frenay, & Bourgeois, 2007;
Perez et al., 2014; 2019; Simpkins, Davis-Kean, & Eccles, 2006; Sullins, Hernandez, Fuller, &
Tashiro, 1995; Watt, 2006; Watt et al., 2012; also see Cromley, Perez, & Kaplan, 2016 and
National Academies of Sciences, 2017). Furthermore, studies generally find that competence
beliefs, such as expectancy beliefs, relate more strongly to academic performance while task
values typically relate more strongly to achievement-related choices, such as choosing a course

of study or persisting in a major (see Barron & Hulleman, 2015; Trautwein et al., 2013; Wigfield



INTERRELATIONS AMONG EXPECTANCIES, VALUES, AND COSTS 8

et al., 2009). Whereas Eccles et al. (1983) posited that—similarly to task values—perceived costs
would be especially relevant for decision-making and choice, the emerging research suggests
that perceived costs may relate to a variety of academic outcomes (Battle & Wigfield, 2003;
Conley, 2012; Dever, 2016; Gaspard et al., 2015; Luttrell et al., 2010; Perez et al., 2014;
Trautwein et al., 2012). For example, perceived costs were found to be negatively related to high
school math achievement (Trautwein et al., 2012), middle school students’ adaptive academic
emotions (Conley, 2012), and female undergraduates’ intentions to enroll in graduate school
(Battle & Wigfield, 2003), and positively related to undergraduates’ intentions to leave STEM
majors (Perez et al., 2014) and to emotional problems in high school (Dever, 2016). However,
the body of research on perceived costs is still in its infancy and many questions remain. One
central domain requiring further research concerns the temporal relations of perceived costs with
expectancy beliefs, task values, and academic achievement. Another question concerns the
nature of the relationship between perceived costs and achievement when combined with
expectancy beliefs and task values.

In the current study, we pursued three specific questions that have been identified as
foundational within this emerging domain of inquiry (Barron & Hulleman, 2015; Trautwein et
al., 2013): (1) what are the interrelations among expectancy beliefs, task values and perceived
costs over time, (2) what are the relations of perceived costs with academic achievement when
controlling for expectancy beliefs and task values, and (3) do the relations of expectancy beliefs
with academic achievement differ across different levels of perceived costs, in the same way that
relations of expectancy beliefs with achievement differ across different levels of task values? We
review literature that is relevant to each of these questions below.

1.2.1 The interrelations among expectancy beliefs, task values, and perceived costs

There has been little prior research on the interrelations of expectancy beliefs, task values
and perceived costs over time, particularly within a semester. In one study, which examined the
relations of growth in expectancies and utility value within a single semester gatekeeper

psychology course, Kosovich, Flake, and Hulleman (2017) found that the starting value of
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expectancy was correlated with the starting value of utility value (» = .52, p <.05) and that
changes in expectancy and utility value were highly correlated (» = .83, p <.05). In other words,
students who started the semester with higher expectancy beliefs also started with higher utility
value perceptions. Furthermore, students who increased in their expectancy beliefs over the
semester also increased in their utility value over the semester. Additionally, there is some long-
term longitudinal research that is suggestive of the relations between competence beliefs and task
values. Jacobs, Lanza, Osgood, Eccles, and Wigfield (2002), in a longitudinal study with
children spanning from 1% through 12" grade, found that competence beliefs were predictive of
task value growth trajectories. While Jacobs and her colleagues did not test whether task values
were predictive of competence beliefs, yet the authors acknowledged such a possibility. In a
more recent study, Nuutila and colleagues (Nuutila, Tuominen, Vainikainen, & Niemivirta,
2018) found that task-specific success expectancies related to domain-specific intrinsic value in
6™ grade. Task interest also predicted domain-specific self-concept. However, success
expectancies and task interest in 4™ grade were not related to each other in 6™ grade. Using
similar constructs to this study, Chen et al., (2016) found that self-efficacy predicted the intercept
and slope for situational interest with a sample of late elementary school students. Fryer and
Ainley (2017) found, with a sample of Japanese first-year university students, that interest, but
not utility value, predicted later self-concept (similar to the expectancy variable in this study) and
self-efficacy. Self-efficacy, but not self-concept, also predicted interest over time. In another
study with a similar sample, Fryer, Ainley, and Thompson (2016) found that self-efficacy and
self-concept predicted task interest three weeks later.

While these studies provide some insight into the potential interrelations among
expectancy-value constructs, they did not test these relations over time within the context of a
semester course and none included multiple forms of perceived costs or task value despite the
theoretical and empirical importance of examining the subcomponents of these constructs
(Trautwein et al., 2013). Thus, an important question is how starting levels of expectancy beliefs,

different task values, and different perceived costs in a course relate to each other over time
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within the semester and to achievement at the end of the course. Based on this limited prior
literature, we can anticipate that expectancies may shape task values and vice versa. However,
how expectancies and task values will relate to costs is unclear based on the lack of prior
research on perceived costs.

1.2.2 The relations between perceived costs and academic achievement

Only a few prior studies exist that can provide insights into the relations between
perceived costs and academic achievement while accounting for expectancy beliefs and task
values. Perceived costs were associated with achievement in some studies (e.g., Guo et al., 2016;
Trautwein et al., 2012) but not in others (e.g., Perez et al., 2014). Moreover, most prior studies
that reported on these relations while controlling for task values and competence beliefs either
controlled only for competence beliefs (e.g., Trautwein et al., 2012) or included perceived cost
measures that targeted choice of major (leaving a STEM major) rather than perceived cost for a
specific course (Perez et al., 2014). As an exception, Jiang et al. (2018; study 2) examined the
role of a general cost variable in four outcomes including math achievement (mid-term exam
scores) with 8" grade Korean students. They found that the composite cost variable predicted
math achievement, procrastination, and avoidance intentions after controlling for self-efficacy
and a composite task-value variable. Similarly, Guo et al. (2016) found that a second-order cost
variable was related to math achievement, controlling for task values, in a large sample of
German high-school students. These studies lend support to the significant relations between
perceived costs and academic achievement, even while controlling for competence beliefs;
however, questions remain about the unique effect of different cost subcomponents.

Gaspard et al. (2018) examined the associations of achievement with a variety of
expectancy-value motivational constructs with German middle school and high school students
and found that the associations between prior achievement and the various expectancy-value
beliefs varied by subject domain. For example, they found that prior achievement in a domain
was, on average, positively predictive of self-concept beliefs and various task values (including

low perceived costs) when such beliefs were measured in the same domain. However, the



INTERRELATIONS AMONG EXPECTANCIES, VALUES, AND COSTS 11

relations of prior achievement in non-matching domains (e.g., the relations between English
achievement and intrinsic value for math) were negative, on average. In other words, higher
achievement in math led to higher math self-concept but lower English self-concept. With
relation to perceived costs, higher achievement in math led to lower perceived costs in math but
higher perceived costs in English. Thus, this study demonstrated interesting within and cross-
domain effects of prior achievement on expectancy-value motivational beliefs. However, these
models did not test how expectancy-value motivational beliefs related to later achievement in a
single model. In the current study, we examined the unique relations between the perceived cost
subcomponents and academic achievement in an undergraduate biology course, controlling for
the effects of expectancies and task values on achievement in the course.

1.2.3 The moderating role of perceived costs

Finally, in the current study, we also focus on the potential moderating effect of
perceived costs on the relations between expectancy beliefs and academic achievement. The
interaction of expectancy beliefs and task values on academic outcomes was a foundational
assumption in early expectancy-value theory. Despite this, and the importance of this process to
understanding the interplay of expectancy beliefs, task values, and perceived costs, this
moderation effect has received less attention in contemporary research (see Trautwein et al, 2013
for a review). While expecting success in a course or feeling competent in a particular domain is
associated with academic success in the course, perceiving costs in the course may be disruptive
to this relationship. As an avoidance motivation, perceiving costs may lead to disengagement
with the course leading to lower success in the course. For example, if a student believes she can
be successful with effort in a science course but also feels like the effort is not worthwhile, she
may engage in maladaptive behaviors (Jiang et al., 2018). Thus, it is important to examine the
combined effects of expectancy beliefs and perceived costs to determine if such beliefs may
disrupt the benefits of expectancy beliefs for academic achievement.

A few recent studies have tested the interactive effects between competence beliefs (e.g.

self-concept) and task values (e.g., Guo et al., 2015; Nagengast et al., 2011; Trautwein et al.,
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2012) and found that task values moderate the relations between competence beliefs and
academic outcomes. For example, Nagengast and colleagues (2011) found a small, yet
significant self-concept x enjoyment (i.e., interest value) interaction effect on both science
extracurricular activities and science career aspirations with a large sample of students from the
Programme for International Student Assessment (PISA) data. Results indicated that the strength
of the positive relation between self-concept and participation in science extracurricular activities
decreased with lower rates of science enjoyment, with no relationship at all at low levels of
enjoyment. Similarly, the strength of the positive relationship between self-concept and science
career aspirations increased as science enjoyment increased.

A few studies have also investigated interaction effects of competence beliefs and
perceived costs on academic achievement (Guo et al., 2016; Trautwein et al., 2012). Trautwein et
al. (2012) found that adding an expectancy x low cost interaction (higher cost scores indicated
lower cost perceptions) to their analysis explained significant additional variance in both math
and English achievement. They found the same positive interaction effect of expectancy and
perceived low cost as they did for the interaction of expectancy and task values on achievement.
At higher levels of expectancy beliefs, the relations between task value and achievement was
positive. Achievement was highest when both expectancy and task values were very high.
Similarly, with perceived cost, at high levels of expectancy beliefs, higher perceived costs were
related to lower achievement and achievement was highest when expectancy was very high and
perceived cost was very low. Interestingly, when expectancy was very low, higher perceived
costs related to higher achievement relative to very low expectancy and very low perceived cost.
While Trautwein and his colleagues conceptualized expectancy as a moderator of the relations
between perceived costs and achievement rather than perceived cost as a moderator of the
relations between expectancy and achievement (as we do in this study), the results were
consistent with theory in that they suggested that achievement was highest when expectancy was

high and costs were low.
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A second study examined low cost as a moderator of the relation between self-concept
and math achievement (Guo et al., 2016). Similar to findings in Trautwein et al. (2012), Guo and
colleagues found that the relation between self-concept and achievement was stronger at lower
levels of cost. In other words, as Trautwein and his colleagues found, the results suggested that
achievement was highest when self-concept was high and perceived costs were low. These
results highlight the importance of valuing the task for actualizing the benefits of feeling
competent on academic achievement (and vice versa) but also highlight that perceiving costs
may be disruptive to the relations between competence beliefs and achievement. However, a
limitation of the study by Trautwein and colleagues was that the assessment of perceived cost
included a two-item measure that collapsed effort cost (“I’d have to invest a lot of time to get
good grades in mathematics/English”) and opportunity cost (“I’d have to sacrifice a lot of free
time to be good at mathematics/English”). While Guo and colleagues included different
subcomponents of cost in their study, they only examined the interaction between self-concept
and a general cost factor. Clearly, understanding the interactive effects of perceived competence
and perceived cost on academic outcomes requires further research that attends to the multi-
dimensionality of perceived costs (Flake et al., 2015; Gaspard et al., 2015; Perez et al., 2014) and
that investigates these relations across educational levels and contexts.

1.3 The Current Study

In this study, we investigated how expectancy beliefs, sub-components of task values,
and sub-components of perceived costs related to each other over time within a biology course
over a single semester. We also examined the unique relations of perceived costs and academic
achievement in the gateway biology course, controlling for expectancy beliefs and task values.
Finally, we examined the moderating effect of perceived costs on the relations between
expectancy beliefs and achievement. A particular strength of this study is that we include the
three main sub-components of perceived cost via three separable subscales: effort cost,
opportunity cost, and psychological cost (Eccles et al., 1983; Flake et al., 2015; Gaspard et al.,

2015; Perez et al., 2014) in addition to the three main subcomponents of task value: attainment
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value, interest value, and utility value. A benefit of examining subcomponents of values and
costs is that there may be differential relations among these variables over time. For example, it
is possible that utility value is a protective factor against perceiving higher costs in a course since
valuing a course for meeting a long-term goal (e.g., a career goal) may make the costs
worthwhile. However, interest in the course or domain may not have the same benefit. The
answer to such questions may have implications for how to intervene within science courses. For
example, a temporal link between utility value and percieved costs may suggest that utility value
interventions could also reduce perceived costs. Finally, prior research highlights variable
relations of the task value subcomponents to academic outcomes and to each other (see
Trautwein et al., 2013). Thus, a key contribution of this study is that we examine the
subcomponents of task values and costs and their interrelations.

The study had the following research questions and related hypotheses:

RQ1: What are the cross-lagged relations between expectancies, task values and perceived costs
over a semester?

Given the limited and mixed research examining the temporal relations of expectancies,
task values, and perceived costs, the potential relations among these variables over a semester are
not completely clear. While some prior research and theory suggest competence beliefs shape
task values (see Wigfield et al., 2009 for a brief review) other research suggests earlier task
values may also predict later competence beliefs (Fryer & Ainley, 2017). Prior research and
theory do clearly suggest the relations among expectancy beliefs and task values will be positive.
However, given the mixed prior research, we make no hypotheses about the specific relations
between expectancies and the different task values.

Hypothesis 1a: Expectancy beliefs and task values will positively relate to each other
over time.

There is no prior empirical research that we are aware of that suggests the temporal
relations between expectancy beliefs and task values to perceived costs. However, based on

theory and cross-sectional correlations among these variables it stands to reason that
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expectancies and task values may shape perceived costs and vice versa. However, these
assertions are more exploratory given the lack of prior research. Theoretically, expectancy
beliefs and values should be negatively related to perceived costs.

Hypothesis 1b: Expectancies and task values will negatively relate to perceived costs
over time.

RQ2: What is the unique relation of each perceived cost component with biology achievement,
controlling for task values and expectancy beliefs?

Based on theory and prior research we expected that expectancy beliefs would have the
strongest relationship with achievement and that this relation would be positive. Furthermore, the
few studies that have included both perceived costs and expectancy beliefs in predicting
achievement have demonstrated mixed results. For example, Trautwein et al. (2012) found that
perceived cost predicted English achievement while controlling for expectancies (and several
other variables) yet cost no longer predicted math achievement after controlling for expectancies.
Guo et al. (2016), on the other hand, found that cost predicted math achievement, controlling for
self-concept and task values. In another study, Perez et al. (2014) found that perceived cost did
not relate to undergraduate chemistry achievement when controlling for task values and
expectancy beliefs. Thus, we did not make direct hypotheses about whether costs would relate to
achievement above and beyond task values and expectancy beliefs.

Hypothesis 2a: Expectancy beliefs will positively relate to achievement and will be the
strongest predictor of achievement relative to task values and perceived costs.

If there is a relationship between perceived cost and achievement, we expected that
perceived costs would be negatively related to biology achievement based on theory and prior
research (Guo et al., 2016; Trautwein et al., 2012).

Hypothesis 2b: Any relations between perceived costs and achievement in the course will
be negative.

RQ3: Does perceived cost in biology moderate the relations between biology expectancy beliefs

and biology achievement?
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Finally, we expected perceived costs would moderate the relations between expectancy
beliefs and academic achievement. We expected that high costs may impede the beneficial
effects of high expectancy beliefs on academic achievement (Barron & Hulleman, 2015;
Trautwein et al., 2013). In other words, we expected that achievement would be highest when
expectancy beliefs are high and perceived costs are low (Guo et al., 2016). While such relations
may vary by the type of perceived cost, there is little prior research to suggest what such
differences might be. As such, we expected the pattern of effects to be similar across different
costs but perhaps with variations in magnitude. Thus, the differences in the interactive effects of
expectancy beliefs and different kinds of costs were exploratory.

Hypothesis 3: Perceived costs will moderate the relations between expectancy beliefs and
achievement such that the relations between expectancy beliefs and achievement is strongest
when perceived costs are low.

2. Method
2.1 Participants

Participants were 234 ethnically diverse undergraduate science students (Mage = 20.30
years, SD = 3.47) who were enrolled in one of three sections of an introductory biology course
for science majors at a minority-serving institution in the mid-Atlantic United States. The sample
was 76.1% female, 26.1% African American, 45.0% White, 14.0% Asian, 7.7% Hispanic/Latino,
and 7.2% of the sample identified as “other” for race/ethnicity. The sample was a majority
freshman or sophomore year students and 47.7% of participants were first-generation college
students.

The course from which students were recruited was an introductory gateway cellular and
molecular biology course. The course is required for several biological science majors at the
institution including biology, biochemistry, biological oceanography, and marine biology.
Students were enrolled in one of three course sections. The same teaching materials,
assignments, and exams were used in all three sections of the course, which were all taught by

the same instructor. We calculated an intraclass correlation (ICC) to determine if class section
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related to final course grade. The ICC indicated that class section did not relate to final grade
(ICC =.01). The course was a lecture-based course format, which included four during-semester
exams and a final exam. Students from all three sections completed all course exams together
and at the same time in a testing center. The course also included in-class assignments; however,
performance on the four during-semester exams and final exam made up the largest percentage
of the final grade in the course. Finally, there was a lab component that was a separate course
from the lecture. Students received a separate grade for the biology lab.

2.2 Procedure

The data were collected as part of an intervention study in which participants were
randomized within each course section to receive either 15 weekly e-mails with links to brief
videos (~5 minutes) with a demonstration of a learning strategy (e.g., compare and contrast), or
four e-mails with links to brief videos with a description of coping with a certain perceived cost
(e.g., effort is worthwhile), or a combination of the two. However, the intervention did not show
any effects whatsoever in this semester. Difference tests using both intent-to-treat and as-treated
conditions resulted in no significant differences among the conditions in posttest expectancy
beliefs, perceived costs, or biology course achievement (all p > .05). We also tested for various
interaction effects between the conditions and other variables (e.g., interactions between first-
generation status and conditions; interactions between URM status and conditions; interactions
between sex and the conditions) and found no significant relations of these interactions to
posttest expectancy beliefs, task values, perceived costs, or biology course achievement (all p >
.05). Given prior research showing interactions between expectancy beliefs and motivational
interventions on academic outcomes (e.g., Hulleman & Harackiewicz, 2009; Hulleman et al.,
2010), we also tested the relations of interactions between expectancy beliefs and the conditions
to final biology course achievement. The results of these analyses were also non-significant (p >
.05). Given that the interventions had no effect on these variables, we analyzed data from all

participants together as one group.
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In fall 2016, after receiving informed consent from participants, we assessed their
expectancy beliefs, task values, and perceived costs for the biology course in the first 2 weeks of
a 15-week semester (Time 1). These surveys also included a demographics form. We
administered a posttest (Time 2) with the same measures (less the demographics measure) in
week 13 of the course.! All surveys were administered online via a study-specific Blackboard
site, which was separate from the course Blackboard site. The surveys were not timed and could
be completed from any computer with internet access. Participants received 1% extra course
credit for completing the pre-tests and 1% extra course credit for completing the posttest
measures. This study was approved by the institution’s IRB.

2.3 Measures.

We assessed participants’ expectancy beliefs, task values, and perceived costs in the
biology course. With participant consent, we also collected final grades in the biology course.
All survey items used a 6-point forced-choice Likert response scale. Higher scores on the items
indicate greater endorsement of the measured construct. All measures demonstrated good to
excellent internal-consistency reliability (see Table 1 for reliability coefficients). We used
longitudinal confirmatory factor analysis (CFA) to test the construct validity of the measures and
used guidelines from Hu and Bentler (1999) for assessing model fit in the CFA analyses. We
tested for longitudinal measurement invariance for each of the variables. We used guidelines
from Chen (2007) to examine configural and metric measurement invariance across time 1 and
time 2 for each of the constructs. After obtaining evidence for longitudinal measurement
invariance, we created variables by averaging item scores on the relevant scales. Details on each

of the measures appear below and the full scales for each measure can be found in the Appendix.

' The participants also engaged with the intervention materials over the course of the

semester, between the administration of the pretest and posttest. The intervention materials were
either delivered weekly or one week prior to each of four exams depending on the condition.

Students had one week to complete the intervention materials.



INTERRELATIONS AMONG EXPECTANCIES, VALUES, AND COSTS 19

2.3.1 Expectancy beliefs

Biology perceived ability and expectancy beliefs were assessed with four of five
items from Eccles and Wigfield (1995), which we adapted for the undergraduate biology course
context. Two items measured expectations for success in the course (e.g., “How well do you
think you will do in this biology course this semester?”’) and two items measured ability self-
concept in the course (e.g., “How good are you at this biology course?”). A longitudinal CFA
suggested an acceptable model fit for a single expectancy beliefs factor with fixed factor
loadings across time; 2 (15) = 31.43, p = .007, RMSEA = .07, CFI = .99, SRMR = .04.2

2.3.2 Task values

We adapted 15 items from Eccles and Wigfield (1995) and Conley (2012) to
assess three task values for the biology course including interest value, attainment value, and
utility value. An example interest value item read, “I like this biology course.” An example
attainment value item was, “Being good at this biology course is an important part of who I am.”
Finally, an example utility value item read, “This biology course will be useful for me later in
life.” A longitudinal three-factor CFA with fixed factor loadings across time indicated an
acceptable model fit supporting the construct validity of the scales (¥* [15] = 774.58, p <.001,
RMSEA = .07, CFI = .94, SRMR = .06).

2.3.3 Perceived costs

We adapted 14 items from Perez et al. (2014) and Conley (2012) to assess three
perceived costs for the biology course including effort cost, opportunity cost, and psychological
cost. An example effort cost item read, “For me, taking this biology course might not be worth
the effort.” An example opportunity cost item was, “I have to give up a lot to do well in this
biology course.” Finally, an example psychological cost item read, “I’m concerned that my self-

esteem will suffer if | am unsuccessful in this biology course.” After dropping three poorly

2 The errors for the two self-concept of ability items were correlated in the model due to their

conceptual overlap.
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performing items,’® a longitudinal three-factor CFA with fixed factor loadings across time
indicated an acceptable model fit that supported the construct validity of the three scales (3* [15]
=358.44, p <.001, RMSEA = .06, CFI = .94, SRMR = .06).

2.3.4 Final Biology Grade

With participant consent, final grades in the biology course were collected from
the course instructor at the end of the semester and before extra credit for participation in the
study was applied. There were 560 total possible points in the course, including four during-
semester lecture exams (4 x100 points each), a final exam (100 points), and several homework
assignments (60 points). Final biology grade was the proportion of the total points earned in the
course and ranged from 0.00 to 1.03.*
2.4 Data Analysis

We used path modeling with observed variables in Mplus (v. 7.3) to examine our data.

We used robust maximum likelihood estimation in all models (MLR). To examine RQ1 and
RQ2, we tested a series of autoregressive cross-lagged path models examining the relations of
expectancy beliefs, task values, and perceived costs from time 1 (T1) to time 2 (T2) and the
unique association of T2 perceived costs with final biology grade (see Figure 1). Initially, each
T2 variable was regressed on itself at T1 and all other T1 expectancy-value variables. We
assumed the relations of T1 expectancy-value variables with final biology grade to manifest
through the T2 motivation variables. In other words, we assumed T1 variables would not have a

direct effect on final biology grade since the effect of the T1 variables on final grade would be

3 Modification indices suggested one opportunity cost item and two psychological cost items

should load onto other factors, which was negatively impacting overall model fit.
4 The instructor offered a small portion of extra credit for lecture attendance that was
independent of the extra credit earned for participating in the study. All students in the course

were eligible to receive this extra credit. Therefore, some students earned greater than 100% of

the possible points in the course.



INTERRELATIONS AMONG EXPECTANCIES, VALUES, AND COSTS 21

captured indirectly through the relations of the T1 motivation variables with the T2 motivation
variables.’

We used a model building approach by which we set non-significant regression paths in
the first model to zero and used a chi-square difference test to compare the more parsimonious,
nested model with the base model. This tested the first research question regarding the cross-
lagged relations between expectancies, task values, and perceived costs. It also allowed us to
estimate fewer parameters, which was beneficial given our relatively small sample size.

To test RQ3, we tested a model in Mplus (v. 7.3) using only the T2 expectancy-value
variables since these variables were most proximal to the final grade variable and to simplify the
model given our sample size. We fit a single model specifying each of the three cost variables as
moderators of the relations between expectancy beliefs and final grade, controlling for the other
three task values. We centered all variables in the model and we created two-way interaction
variables directly in Mplus by multiplying the expectancy beliefs variable by each of the cost
variables. This was a fully saturated model with 0 df. When results indicated a significant
interaction, we examined the effect of expectancy beliefs on final grade at +1, 0, and -1 SD of the
moderator to further explore the interaction.

2.4.1 Missing data

While approximately 14% of the sample had missing time 1 variables and 19% of the
sample had missing responses at time 2 (67% of students had full data), Mplus uses full
information maximum likelihood to handle missing data, which allowed us to use the full sample
in our analyses.

3. Results

3.1 Descriptive Statistics and Correlations

> A model in which the T1 variables predicted final grade indicated that none of the T1

variables were significant predictors of final grade, accounting for the T2 predictors.
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Descriptive statistics and correlation results for the variables are presented in Table 1 and
Table 2, respectively. The correlations supported the theorized relations and the convergent and
discriminant validity of the constructs. Expectancy beliefs at time 1 (T1) and time 2 (T2) were
positively correlated with all task values at T1 and T2. Furthermore, expectancy beliefs at both
time points were negatively correlated with all perceived costs at T1 and T2. All task values at
T1 and T2 were negatively correlated with effort and opportunity costs at T1 and T2; however,
task values and psychological costs were not significantly correlated with each other at either
time point. All three perceived costs were significantly and positively correlated with each other
at both time points. Furthermore, effort cost and opportunity costs typically had the strongest
correlations with each other compared to correlations between these two perceived cost variables
and psychological costs. Expectancy beliefs and task value variables at both time points were all
positively correlated with final grade. All three perceived costs at both time points were
negatively correlated with final grade. As expected, expectancies at T1 and T2 had the strongest
correlation with final biology grade. Among the costs, effort cost had the strongest correlations
with final grade, while opportunity and psychological costs had relatively weaker correlations
with final grade.

3.2 RQ1: What are the cross-lagged relations between expectancies, task values, and
perceived costs over a semester?

The initial cross-lagged path model (Model A), regressing final biology grade on all T2
motivation variables and regressing all T2 motivation variables on all T1 motivation variables,
was an excellent fit to the data (see Table 3 for fit indices). The coefficients for this model can be
found in Table S1 of the supplemental materials. Next, we fixed all non-significant regression
coefficients to zero (Model B) and compared this more parsimonious model to the initial free-
estimate model using the Satorra-Bentler chi-square different test (Satorra & Bentler, 2001). The
results indicated that the more constrained model fit the data very well (see Table 3) and was not
significantly different from the less constrained model (A ¥* [62] = 55.47, p > .05). Therefore, we

accepted Model B, the more constrained (and parsimonious) model, as reflecting the data. Figure
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1 presents the coefficients for the final model. Table S2 of the supplemental materials provides
the results for a model (Model B2) with all non-significant paths from Model A fixed to 0 but
with the effects of the intervention freely estimated.

3.2.1 Predicting expectancy beliefs

Results from the final model indicated that the only statistically significant predictor of
expectancy beliefs at T2 was T1 expectancy beliefs (B = .61, p <.001). The stability coefficient
suggests the expectancy beliefs variable was relatively stable from T1 to T2.

3.2.2 Predicting task values

The final-model results indicated that, controlling for T1 attainment value, T1 expectancy
beliefs and utility value were positively and significantly associated with T2 attainment value (3
= .18, p=.001 and .26, p = .003, respectively) with T1 utility value having the stronger relation
to T2 attainment value compared to expectancy beliefs. T1 expectancy beliefs were positively
associated with T2 interest value ( = .15, p =.013). The only statistically significant relation to
T2 utility value was T2 utility value ( =.72, p <.001). Based on the stability coefficients for the
three task value variables, utility value was most stable from T1 to T2 followed by interest value
(B=.55, p=.001) and attainment value (B = .39, p =.001).

3.2.3 Predicting perceived cost

The final model indicated that, T1 attainment value was negatively associated with T2
effort cost (B =-.21, p = .005) and opportunity cost (B = -.18, p =.037), controlling for T1 effort
cost and opportunity cost, respectively. The only statistically significant relation to T2
psychological cost was T1 Psychological cost (f = .40, p <.001). Of the three perceived costs,
psychological cost was most stable followed by effort cost (B =.30, p <.001) and opportunity
cost (= .24, p <.001). All three costs showed less stability than the other task values (with the
exception of attainment value) and expectancy beliefs, suggesting other factors were influencing
changes in cost perceptions from T1 to T2.
3.3 RQ2: What is the unique relation of each perceived cost component with biology

achievement, controlling for expectancy beliefs and task values?
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Results of the final model indicated that T2 expectancy beliefs (f = .64, p <.001) had the
strongest relation to final biology grade, followed by effort cost (B =-.21, p =.009) and
opportunity cost (B = .14, p =.017). These variables together explained 50% of the variance in
final biology grade. None of the other variables were significantly related to final grade in the
initial model. Surprisingly, the relation between opportunity cost and final biology grade was
positive rather than negative. The correlation between T2 opportunity cost and final grade was
negative (7 = -.18) suggesting a suppression effect.

To further understand this result, we examined multicollinearity diagnostics in SPSS and
examined correlations among the variables. While some correlations were high, none exceeded r
= .71. Furthermore, the correlation between effort and opportunity cost was .68 at T1 and .61 at
T2. Thus, the size of the correlations was not extreme. Furthermore, collinearity diagnostics did
not indicate multicollinearity was an issue since the largest variance inflation factor (VIF) was
2.74, which is far below recommended cutoffs of 6.00 — 10.00 (Keith, 2015; Meyers, Gamst, &
Guarino, 2013). Additional analyses indicated that the suppression effect likely resulted from the
shared variance between opportunity cost, effort cost, and grades. The inclusion of effort cost
together with opportunity cost has “cleaned” the shared variance reflecting negative relations
between opportunity cost and grades, leaving some variance that indicates certain positive
relations between these variables. This implies complex and potentially conflicting processes
underlying the relations of opportunity cost and grades. However, these findings should be
interpreted with caution and requires further research.¢
3.4 RQ3: Do expectancy beliefs moderate the relations between perceived cost and final

grade?

6 We analyzed a model in which we dropped effort cost and found that opportunity cost was

no longer significantly related to final biology grade. However, in a model where we dropped

opportunity cost, effort cost remained negatively related to final biology grade.
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Results of the moderation analysis model indicated significant relations between the T2
expectancy x effort cost interaction variable and final biology grade (b = -.02, p =.002).,
controlling for task values and the other expectancy X cost interaction variables (see Figure 2).
Simple slopes analysis probing this interaction indicated that the strength of the relationship
between expectancy beliefs and final grade changed at different levels of effort cost.
Specifically, the relationship between expectancy beliefs and final grade was strongest when
effort cost was low (b = .11, p <.001) and was weakest when effort cost was high (b = .06, p <
.001; see Figure 3). Controlling for all interactions and T2 task values, the expectancy X
opportunity cost (b =.002, p =.689) and expectancy x psychological cost (b =-.003, p = .504)
interactions were not significantly related to final biology grade.

4. Discussion

Our study adds to existing research on the role of cost perceptions in science achievement
and on the temporal relations of key expectancy-value constructs within the context of an
undergraduate introductory biology course. First, we fill a gap in the motivation literature by
examining the interrelations of biology undergraduates’ expectancies, task values, and perceived
costs to understand how these variables are shaped within a semester. Most prior research has
examined these interrelations over longer periods with K-12 students and none have included
perceived costs. Second, we fill a gap on the unique main effects of different perceived costs on
achievement in a STEM discipline, accounting for the other expectancy-value variables. The
unique role of the different perceived cost, task value, and competence belief variables are
important to understand yet have rarely been examined in a comprehensive model (Trautwein et
al., 2013). Finally, we examined the moderating effect of the perceived cost subcomponents on
the relations between expectancy beliefs and science achievement. Again, such analyses have
rarely been conducted and can contribute to understanding the interplay of the different
motivational processes included in expectancy-value theory (Barron & Hulleman, 2015;

Trautwein et al., 2013), as well as the more general mechanisms by which motivation affects
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achievement in STEM disciplines. Next, we discuss these findings and their implications for
theory and future research.
4.1 Temporal Relations Among Expectancies, Task Values, and Perceived Costs

In interpreting the temporal relations among the expectancy-value variables, we first
consider the stability of the expectancy-value constructs over time. It was interesting that
generally, based on the stability coefficients, the expectancy beliefs (B = .61) and task value
variables (B = .40 to .72) demonstrated greater stability over time than the cost variables ( = .24
to .40). The one exception was attainment value (B = .40), which had a similar stability
coefficient to psychological cost. These results suggest the cost variables, relative to expectancy
beliefs or task values, may be more sensitive to feedback within the course and also more
malleable through intervention.

Beyond the stability of the variables, the final autoregressive cross-lagged path model
suggested that expectancy beliefs, task values, and perceived costs are shaped by each other over
the course of a semester; however, the results varied by construct. Consistent with some prior
research (Wigfield et al., 2009), we found that while expectancy beliefs were related to some of
the task values, none of the task values related to expectancy beliefs. This finding suggests that,
in the short term, attainment value and interest value at the end of the semester seem to be
affected by expectancy beliefs at the beginning of the semester, but that utility value seems to be
unrelated to expectancy beliefs. Thus, it seems that early perceived competence in the domain
may frame students’ later development of interest in and sense of importance of the domain, but
is unrelated to their perceived usefulness of the biology course for their future goals. This
suggests that, in the context of this biology course, differing processes underlie the different task
values. In addition, utility value at the beginning of the semester partially related to the
development of attainment value at the end of the semester, suggesting that perceived relevance
of the course for future goals is related to enhanced perceptions of the importance of the course
for one’s identity. This finding is consistent with the role of one’s future career goals in one’s

personal and collective identity (Eccles, 2009).
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Perceived costs, in turn, seem to be shaped by attainment value but not by the other
values or by expectancy beliefs in the course at the beginning of the semester. We know of no
other research examining the temporal effects of expectancy beliefs and task values on perceived
costs (and vice versa). This study suggests that attainment value may be most important among
the expectancy-value constructs in shaping perceived costs in the context of a gateway biology
course at a large public and diverse university. However, this was only the case for effort costs
and opportunity costs. It may be that, in this context, the importance of a task to one’s identity
affects whether students perceive a task as too effortful or resulting in lost opportunities. This is
in line with theory (Oyserman & Destin, 2010) that suggests that when a task aligns with one’s
identity, the effort for the task will be perceived as an indication of the task’s value. However, if
the task is not aligned with one’s identity, then the effort required for the task will be perceived
as a cost. While more research is needed to further support these possibilities, particularly in
different contexts (e.g., different domains of study and with different age groups), a benefit of
this study is that we were able to highlight this possibility by examining temporal relations
among the different values and costs subcomponents. Further, an important implication of these
findings is that enhancing attainment value may lead to reduced cost perceptions in an
undergraduate science course. Thus, attainment value may be an important construct to target for
intervention in such courses. Few motivation interventions target attainment value specifically
(Rosenzweig & Wigfield, 2016); thus, there are opportunities for future research in this area.

4.2 Main Effects of Perceived Cost on STEM Achievement

Results suggested that, after controlling for other expectancy-value variables, only time 2
expectancy beliefs, effort costs, and opportunity costs were related to final grade in the biology
course. These findings align with prior research on the role of expectancy beliefs in achievement
but also contradict some research when it comes to the relations of perceived cost with
achievement (Perez et al., 2014). Our findings of significant relations between perceived costs
and final biology course grade are different from the findings of Perez and colleagues, who did

not find such relations with chemistry grades. Notably, the perceived costs items used by Perez
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et al. targeted the STEM major whereas the items in the current study focused on the biology
course, and therefore aligned better with the unit-of-analysis of the course grade outcome,
potentially explaining the difference in findings. Still, these results are intriguing given the
theoretical prediction that perceived costs would be less important for achievement than for
academic choices, while expectancy beliefs would be more related to achievement (Eccles et al.,
1983). In our study, effort cost and opportunity cost were related to final biology grade even after
controlling for expectancy beliefs, suggesting unique relations. These results are consistent with
some prior research (Guo et al., 2016) and add to prior research by highlighting which particular
costs are related to achievement. However, as we emphasize in the results section, the findings
for the association of opportunity cost and achievement suggest complex relations, which should
be interpreted with caution and require unpacking in future research. The relations of effort cost
with final grade seem more robust. As expected, expectancy beliefs had the strongest
relationship with final grade. Overall, these findings suggest that, for the students in this study,
both perceived confidence and perceived costs—particularly perceived effort cost—for the course
are important for course achievement. These findings, however, need to be considered in light of
the significant interactions we found between perceived costs and expectancy in relation to
achievement, on which we elaborate in the next section.

4.3 Perceived Costs as a Moderator of the Relations between Expectancy Beliefs and
Biology Achievement

A primary aim of this study was to examine the moderating effect of perceived costs on the
relations between expectancy beliefs and achievement. The findings suggest that, in the current
sample, such moderation by perceived costs was present but only with effort cost, controlling for
task values, expectancy beliefs, and the other expectancy x cost interaction variables. Consistent
with theoretical predictions (Eccles et al., 1983; Barron & Hulleman, 2015), the strength of the
relations between expectancy beliefs and achievement varied by effort cost. At high effort cost,
the relation between expectancy beliefs and achievement in the course was weaker than the

relation between expectancy beliefs and achievement at low effort cost, suggesting that
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perceiving effort costs in the course may disrupt the benefits of high expectancies for
achievement. In other words, the relations of expectancy beliefs with academic achievement in
this undergraduate biology course depended on students’ perceptions about whether the effort
required in the course was worthwhile. It is possible that, despite feeling competent in the course,
students with higher effort costs disengage with the content or engage in maladaptive behaviors.
Findings from Jiang and colleagues (Jiang et al., 2018) that higher costs are associated with
maladaptive outcomes supports this premise. A combination of high expectancies of success in
the course with high effort costs may also serve as an indicator of concern about the calibration
of their high expectancy beliefs with course demands, or about a possible difference between
their interpretation of the standard of success as assessed in the expectancy and the perceived
cost measures. The perceptions of effort costs may be an indicator that students have been
experiencing a struggle in the course despite their high expectancy beliefs. These findings are
similar to findings in the few other studies in which the interaction effects of competence beliefs
and perceived costs was examined (Guo et al., 2016; Trautwein et al., 2012). For example,
Trautwein and colleagues (2012) found similar patterns of interactions between expectancy
beliefs and perceived cost in explaining both math and English achievement in a study with
German high school students. In their study, the pattern of interactions revealed that achievement
in both math and English was highest when expectancy beliefs were high and costs were low.
Our study adds to these findings by using more differentiated measures of perceived cost and
corroborating these findings with effort cost. Furthermore, this study adds to the very limited
prior research examining these relations.
4.4 Limitations

There are limitations that should be considered when interpreting these findings. First,
while we did not find differences between the intervention groups on the motivation or outcome
variables (or interaction effects of the intervention with baseline or demographic variables), it is
still possible that there is a more dynamic interplay among the variables that the interventions

affected (e.g., a three-way interaction between baseline motivation, demographic variables, and
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the intervention). Nevertheless, the current findings are consistent with prior research (e.g., Guo
et al., 2016; Trautwein et al., 2012) and the effects in a similar model that freely estimated the
effects of the intervention conditions were very similar to those that did not control for the
intervention (see Table S2), suggesting that the findings hold regardless of any undetected
intervention effect.

Second, our results included a suppression effect on opportunity cost. While the
expectancy beliefs, task values, and perceived costs variables are theoretically distinct and
separate in a factor analyses, they are interrelated (as demonstrated in this study). Such relations
can lead to difficulties for variable-centered statistical analyses. Person-oriented analyses such as
latent profile analysis or cluster analysis may offer an alternative approach to examining the
relations of these variables in combination without similar multicollinearity issues. However, a
limitation of such person-oriented approaches is that questions asked in this study about the
unique interrelations of these variables cannot be examined. Further research is needed to
confirm these findings and to further explore how the interrelations of expectancies, values, and
costs affect academic outcomes in various STEM disciplines.

Third, our sample size was somewhat small for estimating the various parameters in our
models. As a result, some interrelations may not have been detected due to lack of power. The
sample size also limited our ability to test latent interactions in our models, which would have
allowed us to model the error in our analyses and, therefore, reduce the error in our interaction
terms (Trautwein et al., 2013). Unfortunately, the size of the courses at study site limited our
potential sample size. Even so, we were able to detect several interesting relations among the
variables, including the interaction between expectancy beliefs and effort cost. These relations
should continue to be examined in future research with larger samples. For example, with a
larger sample, it may be more feasible to also model interactions between perceived costs and
values in a single model. The moderating role of perceived costs in the relations between values
and academic outcomes remains an underexplored, yet important question for future research

(Barron & Hulleman, 2015; Trautwein et al., 2013).
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Fourth, there are important open questions with regard to the operationalization of
various kinds of costs, the dimensions of cost, and which perceived costs are most relevant in
different disciplines. Additionally, some scholars have identified additional subcomponents of
attainment and utility value (e.g. Gaspard et al., 2015), which we did not include in our study. It
is possible that more nuanced subcomponents of value may have differential effects on different
perceived costs. Unfortunately, we were unable to address such questions in this study. However,
our study contributes to the literature since there has been little research examining the multiple
subcomponents of values and costs together. Our results highlight differential relations between
different subcomponents of the values and costs included in this study. Future research should
assess the various costs using the different cost measures within the same study to determine the
overlap and distinction of the various cost constructs (e.g., ego cost vs. emotional cost vs.
psychological cost). Future research may also include the further subcomponents of value to
determine if differential relations are found for these more nuanced facets of task value.

Finally, it is important to note that we cannot make causal claims from our analyses.
Rather than motivation causing achievement, there is likely a reciprocal relationship over the
course of the semester between achievement in the course and motivation in the course (e.g.,
Perez et al., 2014). Future studies should employ methods that can examine these dynamic
relations over time.

4.5 Implications

While there are limitations to this study, the study does have important implications for
expectancy-value theory and future research in STEM. First, the interactive effects found here
support the hypothesis that expectancy beliefs and perceived costs variables interact to affect
achievement in science (Barron & Hulleman, 2015). Importantly, in the context of an
undergraduate introductory biology course, the association of expectancy beliefs with
achievement in science may depend on individual characteristics of the students, such as
variations in levels of perceived effort cost. Thus, the relations of these variables with

achievement outcomes may not only be additive, but they may also be multiplicative (Nagengast
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et al., 2011; Trautwein et al., 2012). Second, expectancy beliefs are important to consider as a
lever for interventions designed to increase science achievement but so are perceived costs. In
introductory biology courses, mitigating perceived costs may be particularly important for
students with high expectations for success/ability beliefs in biology, since the results of this
study suggest that perceiving effort costs negatively affects biology achievement for these
students. Finally, perceived costs seem to be related to attainment value in particular, suggesting
that identity-related processes may be involved in the formation of effort and opportunity costs
within a semester. Thus, intervening on the importance of science to students’ identity early in
the semester in introductory science courses may help to ameliorate the perceived effort and
opportunity costs in the course.
4.6 Conclusion

In this study, and in the context of a gateway biology course, we examined the unique
relations of perceived costs with achievement in the course, the temporal interrelations of
expectancy beliefs, task values, and perceived costs with each other, and, importantly, the role of
perceived costs as a moderator of the relations between expectancy beliefs and course
achievement. The results of this study contribute to expectancy-value theory and STEM research
by suggesting that some costs may be shaped by identity-related processes in science courses.
Furthermore, the relations of expectancy beliefs with achievement in a gateway biology course
may depend on students’ perceived effort costs for the course. The results of the expectancy x
effort cost interaction effects found here were consistent with prior research but also extend prior
research by examining such interactions with three different kinds of perceived costs. More
research is needed to corroborate and to investigate in-depth the interplay of different types of

perceived costs as important components in students’ success across various STEM disciplines.
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Table 1

Descriptive Statistics for Variables

N M SD Skew Kurtosis a
Expectancy T1 202 4.28 0.76 -0.59 0.99 .90
Attainment T1 202 4.95 0.74 -0.68 0.29 76
Interest T1 202 4.46 1.03 -0.90 1.03 .96
Utility T1 202 5.09 1.08 -1.43 1.72 .95
Eff. Cost T1 202 2.34 1.02 0.74 0.44 .81
Opp. Cost T1 202 2.69 1.14 0.58 0.04 .89
Psy. Cost T1 202 3.31 1.43 -0.03 -1.05 .85
Expectancy T2 189 3.96 1.04 -0.57 0.26 .95
Attainment T2 188 4.74 0.90 -1.09 1.29 78
Interest T2 189 4.39 1.16 -0.89 0.33 97
Utility T2 189 4.92 1.19 -1.38 1.42 .95
Eff. Cost T2 189 2.58 1.15 0.74 0.12 .83
Opp. Cost T2 189 2.84 1.22 0.44 -0.65 .89
Psy. Cost T2 188 3.34 1.37 0.02 -0.94 .86
Bio Grade 230 0.79 0.14 -0.45 -0.25 —

Note. T1 = Time 1; T2 = Time 2; Eff. Cost = Effort Cost, Opp. Cost = Opportunity Cost, Psy.

Cost = Psychological Cost, Bio Grade = Final Biology Grade, a = Cronbach’s Alpha.
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Table 2

Bivariate Pearson Correlation Results

1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13.

1. Expectancy T1 —

2. Attainment T1 43 -

3. Interest T1 52 .64 —

4. Utility T1 41 .61 .56 —

5. Eff. Cost T1 -35 -35 -33 -.26 —

6. Opp. Cost T1 -29 -25 -.26 -.26 .68 —

7. Psy. Cost T1 -36 .01 -.09 -.06 36 40 —

8. Expectancy T2 .64 .29 .34 .27 -.30 =24 =25 —
9. Attainment T2 45 .62 49 57 =27 =22 -.08 .46 -

10. Interest T2 43 41 .62 37 -23 - 18 -.10° .63 .64 —
11. Utility T2 .29 44 40 1 -.19 -.19 -.04 .36 .68 57 -
12. Eff. Cost T2 -.20 -32 -24 -21 38 .26 A1 =37 -51 -41 -41 —

13. Opp. Cost T2 -.18 -.20 -.17 -.16 28 .36 23 -29 -31 -.28 -25 .61 —
14. Psy. Cost T2 -.13 .05 01 .06 14 15 44 -.30 -.07 -.14 -.06 32 Sl
15. Bio Grade 43 23 25 .20 -23 -.16 -.15 .68 .36 45 28 -.36 -.18

Note. N=234; T1 = Time 1; T2 = Time 2; Eff. Cost = Effort Cost, Opp. Cost = Opportunity Cost, Psy. Cost = Psychological Cost,
Bio Grade = Final Biology Grade; all correlations > |.10| were statistically significant (p < .01).p =.026
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Table 3
Model Fit Results
Scaling
Model x? df Ay? Adf  CFI RMSEA SRMR
correction
Model A 636 7 1.0699 — — 1.00 .00 .01
Model B 61.84 69 1.0284 55477 62 1.00 .00 .04

Note. Model A includes all regression paths from time 1 motivation to time 2 motivation and
from time 2 motivation to final biology grade freely estimated; Model A also includes freely
estimated paths from the intervention conditions to time 2 motivation and final biology grade.
Model B is the trimmed model with all non-significant paths in Model A fixed to 0.

* Satorra-Bentler scaled chi-square difference test
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.64 (.09)

Final Biology
Grade

-21(-.03)

.14 (.02)

Time 1 Time 2
Expec'tancy 61 Expectancy
Beliefs Beliefs
18
15
Attainment Value 39 Attainment Value
Interest Value 55 Interest Value
-21
26
Utility Value 72 Utility Value
Effort Cost .30 Effort Cost V /
Opportunity Cost 24 Opportunity Cost
Psychological 40 Psychological

Cost

Cost

Figure 1. Model B Autoregressive Cross-lagged Path Model; Model B is the final model after

fixing non-significant paths from Model A to 0; only statistically significant paths are presented.

The intervention conditions were also included in Model B with their regression paths fixed to 0

since the conditions were not related to any variables in Model A. Coefficients are standardized;

coefficients in parenthesis from time 2 motivation to final biology grade are unstandardized

coefficients and represent the percentage point increase in final grade for a one unit increase in

the motivation variable. Correlations for the time 1 variables were estimated as were correlations

among the residuals of the time 2 variables; however, these are not depicted for clarity of

presentation of the figure.
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Time 2
Expectancy
Beliefs ™~
.09***
Attainment Value S~
.02
Interest Value — ~_
.01
Utility Value  —— _
I +
Effort Cost -.02 Final Biology
Grade
Opportunity Cost —— 02"
Psychological | _— -.01
Cost
_-02**
Expectancy x | —
Effort cost .01 -.03 .00
” /o
Expectancy x |~
Opportunity cost DV1 DV2 DV3
.00
Expectancy x /
Psych. cost

Figure 2. Interaction effects model; correlations for the time 2 variables were estimated but are
not depicted for clarity of presentation of the figure; DV1 — 3 are the dummy variables for the
experimental conditions; all coefficients are non-standardized coefficients.
p<.05,"p<.01,™p<.001

tp=.054
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Figure 3. Conditional effects of effort cost on the relationship between expectancy beliefs and

final grade; all slopes are statistically significant at p <.001.
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Appendix
All items used a 1 — 6 point scale

Expectancy/Ability Beliefs Items

1.

2.

3.
4.

Compared to other students, how well do you expect to do in this biology course this
semester? (Much worse than other students, Much better than other students)

How well do you think you will do in this biology course this semester? (Very poorly,
Very well)

How good are you at this biology course? (Not at all good, Very good)

If you were to order all of the students in this biology course from the worst to the best in
biology, where would you put yourself? (The worst, The best)

Attainment Value

1.

2.

I feel that, to me, being good at solving problems in this biology course is (Not at all
Important, Very Important)

Compared to other courses, how important is it to you to do well in this biology course?
(Not at all Important, Very Important)

Being someone who is good at this biology course is important to me. (Strongly agree,
Strongly disagree)

Being good at this biology course is an important part of who I am. (Strongly agree,
Strongly disagree)

Interest Value

1.
2.

How interesting do you find this biology course? (Very boring, Very interesting)

In general, I find working on assignments/studying for this biology course (Very boring,
Very interesting)

Compared to other courses, how much do you like this biology course? (Dislike very
much, Like very much)

4. T am fascinated by this biology course. (Strongly agree, Strongly disagree)
5. Tenjoy this biology course. (Strongly agree, Strongly disagree)
6. This biology course is exciting to me. (Strongly agree, Strongly disagree)
7. 1like this biology course. (Strongly agree, Strongly disagree)
Utility Value
1. How useful is this biology course for what you want to do after you graduate? (Not at all

2.

3.
4.

useful, Very useful)

This biology course will be important when I get a job or go to graduate school. (Not at
all useful, Very useful)

This biology course will be useful for me later in life. (Strongly agree, Strongly disagree)
Concepts in this biology course are useful because they will help me in the future.
(Strongly agree, Strongly disagree)

Effort Cost (Strongly agree, Strongly disagree)

1.

2.
3.

When I think about the hard work needed to get through my biology course, I am not
sure that it will be worth it in the end.

I am not sure if I've got the energy do well in my biology course.

For me, taking this biology course just might not be worth the effort.
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4. This biology course sounds like it really requires more effort than I'm willing to put into
it.

Opportunity Cost (Strongly agree, Strongly disagree)

1. Studying for this biology course takes a lot of time away from other activities that [ want
to pursue.

2. I’m concerned about losing track of some valuable relationships because of the work
required for this biology course.

3. I’'m concerned that I have to give up a lot to do well in this biology course.

4. T’m concerned success in this biology course requires that I give up a lot of other
activities I enjoy.

5. *I would rather leave more time for fun than for something as intense as this biology
course.

Psychological Cost (Strongly agree, Strongly disagree)

1. I’m concerned about being embarrassed if my work in this biology course is inferior to
that of my peers.
I’m concerned that my self-esteem will suffer if I am unsuccessful in this biology course.
I worry that others will think I am a failure if I do not do well in this biology course.
*I'm concerned that I'm not a good enough student to do well in this biology course.
* I’'m anxious that [ won't be able to handle the stress that goes along with this biology
course.

bl

*Removed items after factor analyses.
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Supplemental Materials
Table S1

Model A Path Model Results

Time 2 Variables Final Grade
Time 1 Variables Expectancy Att. Value Int. Value  Util. Value Eff. Cost Opp. Cost Psy. Cost on T2 Mot.
Expectancy 57 20" 18" .07 -.03 .06 .09 62°
Att. Value .08 327 <.01 .01 -24" -28" -.20 .05
Int. Value .05 11 56° .06 -.05 -12 .01 .04
Util. Value -.04 257 .02 66" .02 19° 20" -.08
Eff. Cost -.19° -.09 -.07 -.11 28° -.11 .02 -20"
Opp. Cost 14 .07 .05 11 -.01 337 -.02 197
Psy. Cost .02 -.01 .06 -.01 .06 18 49° -.07
Dummy Var 1 .09 -.02 -.03 .03 -.04 -.02 -.08 <.01
Dummy Var 2 .06 -.05 -.07 -.11 .09 17 -.01 -.08

Dummy Var 3 .08 -.05 .03 .06 .02 <.01 -.01 .02
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Note. All coefficients are standardized coefficients; The column Final Grade on T2 Mot. = the relations of the Time 2 motivation
variables with Final Biology Grade; coefficients in bold became non-significant in Model B after fixing the other non-significant
paths to O (these paths were retained in Model B); Att. Value = Attainment Value; Int. Value = Interest Value; Util. Value = Utility
Value; Eff. Cost = Effort Cost; Opp. Cost = Opportunity Cost; Psy. Cost = Psychological Cost; Dummy Var 1 — 3 are the dummy
variables for the experimental conditions; Final Grade = Final Biology Course Grade.

*p<.05
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Table S2

Model B2 Path Model Results with Effects of Non-Significant Relations from Model A Fixed to 0 and the Effects of the Intervention

Freely Estimated

Time 2 Variables Final Grade
Time 1 Variables Expectancy Att. Value Int. Value  Util. Value Eff. Cost Opp. Cost Psy. Cost on T2 Mot.
Expectancy 59" 20" 15" .00 .00 .00 .00 65"
Att. Value .00 37 .00 .00 -21° -.20° .00 .00
Int. Value .00 .00 54" .00 .00 .00 .00 .00
Util. Value .00 26" .00 70" .00 14 13 .00
Eff. Cost -.10° .00 .00 .00 30" .00 .00 -21°
Opp. Cost .00 .00 .00 .00 .00 317 .00 15"
Psy. Cost .00 .00 .00 .00 .00 .00 40" .00
Dummy Var 1 .08 -.02 -.03 .04 -.06 -.03 -.07 <.01
Dummy Var 2 .06 -.06 -.08 -.11 .08 15 <.01 -.06

Dummy Var 3 .07 -.04 .03 .07 <.01 .03 <.01 .02
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Note. Model fit for Model B2: y? (45) = 36.59, p = .810, RMSEA = .00, CFI = 1.00, SRMR = .03; all coefficients are standardized
coefficients; the column Final Grade on T2 Mot. = the relations of the Time 2 motivation variables with Final Biology Grade; Att.
Value = Attainment Value; Int. Value = Interest Value; Util. Value = Utility Value; Eff. Cost = Effort Cost; Opp. Cost = Opportunity
Cost; Psy. Cost = Psychological Cost; Dummy Var 1 — 3 are the dummy variables for the experimental conditions; Final Grade =
Final Biology Course Grade.

*p<.05



