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Abstract

Background Active learning, on average, increases student performance in STEM courses. Yet, there is also large
variation in the effectiveness of these implementations. A consistent goal of active learning is moving students
towards becoming active constructors of their knowledge. This emphasis means student engagement is of central
importance. Thus, variation in student engagement could help explain variation in outcomes from active learning. In
this study, we employ Pekrun’s Control-Value Theory to examine the impact of four aspects of course social and cul-
tural environments on student engagement. This theory posits that social and cultural features of the course environ-
ment influence students'appraisals of their ability to control their academic outcomes from the course and the value
they see in those outcomes. Control and value in turn influence the emotions students experience in the course

and their behaviors. We selected four features of the course environment suggested in the literature to be impor-
tant in active learning courses: course goal structure, relevance of course content, students'trust in their instructor,
and perceived course competition.

Results We surveyed students in 13 introductory STEM courses. We used structural equation modeling to map

how features of the course environment related to control, value, and academic emotions, as well as how control,
value, and academic emotions influenced engagement. We found engagement was positively related to control

and value as well as the emotion of curiosity. Engagement was negatively related to the emotion of boredom. Impor-
tantly, features of the course environment influenced these four variables. All features influenced control: goal struc-
ture, relevance, and instructor trust increased it, while competition decreased it. All features except competition were
related positively to value. Relevance and instructor trust increased curiosity. Goal structure, relevance, and instructor
trust all reduced boredom, while competition increased it.

Conclusion Overall, our study suggests that the way instructors structure the social and cultural environment

in active learning courses can impact engagement. Building positive instructor—student relationships, reducing
course competition, emphasizing mastery and the relevance of the course to students can all increase engagement
in course activities.
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Introduction
Large-scale meta-analyses of STEM education stud-
ies have demonstrated that, on average, active learning
strategies increase student performance and decrease
performance disparities between student groups (Free-
man et al., 2014; Theobald et al., 2020). These analyses
also highlight the large variation in the effectiveness of
individual implementation of active learning. A consist-
ent characteristic and goal of active learning is to move
students away from being passive listeners into active
constructors of their own knowledge (Bonwell & Eison,
1991; Cooper, 2016; Freeman et al., 2014; Prince, 2004).
This makes student engagement of central importance
and concern in STEM active learning classrooms. In the
context of active learning, engagement can be broadly
conceived as behaviors and attitudes students exhibit that
are indicative of the quality of their investment in learn-
ing activities (Groccia, 2018). If and how students choose
to engage in active learning is ultimately up to individual
students. Thus, variation in student motivation to engage
during course activities could help explain variation in
outcomes from active learning implementations.

Student motivation to engage in course activities is not
a stable characteristic of a student but rather, is influ-
enced by features of the course environment. Some envi-
ronmental features that have been shown to influence
in-class engagement include design of activities (Sperling
et al., 2024; Wiggins et al., 2017), instructor explanations
of why active learning is important (Hernandez et al.,
2021), aspects of the social climate (Cooper & Brownell,
2016), and physical classroom layout (Barlow & Brown,
2020). In addition to course environment features, stu-
dent emotions can also motivate a suite of antecedents
of learning, such as self-regulation, students’ choice of
learning strategies, and even performance itself (Isen
& Reeve, 2005; Pekrun & Stephens, 2010; Pekrun et al.,
2010). However, in active learning contexts, emotions
have been mostly studied as outcomes, rather than as fac-
tors influencing student behaviors and performance out-
comes from active learning (e.g., Cleveland et al., 2017;
Kalinowski et al., 2013). The emotion whose influence on
engagement has been most well-studied in active learn-
ing contexts is anxiety. Across multiple studies, anxiety
has been shown to negatively influence students overall
and their engagement in active learning, in particular
(Cooper et al,, 2018; Downing et al., 2020; Hood et al.,
2021). Yet, there are many other course-related emotions
that students may experience in active learning courses
and these emotions’ influence on engagement is less
clear.

Pekrun’s (2006) Control—Value Theory of Achievement
Emotions offers a motivational framework that connects
features of the course environment, student emotions,

Page 2 of 19

and academic engagement. In this study, we applied
Pekrun’s theory to the context of active learning STEM
classrooms to understand how features of the classroom
environment impact a range of student emotions, and
through emotions, engagement.

Theoretical framework: control-value theory

of achievement emotions

The Control-Value Theory of Achievement Emotions
is an integrative framework focused on understanding
classroom emotions that builds on expectancy-value
approaches (Pekrun, 1992; Turner & Schallert, 2001),
theories of perceived control (Perry, 1991), and attribu-
tional theories (Weiner, 1985) among others. Figure 1
introduces the components of this framework. We will
start our discussion with achievement emotions and the
evidence for their influence on engagement and then
move upward through the model components.

Achievement emotions

The focus of Pekrun’s (2006) theory are achievement
emotions. These are emotions tied directly to experiences
of course activities (e.g., studying, in-class groupwork,
out-of-class assignments) and/or course outcomes that
are judged according to some standard of quality (i.e.,
grades). These emotions influence achievement-related
behaviors such as engagement in academic tasks (Pekrun

Features of the Course Environment
(Ex: Competition, goal structure of course,
instructor trust, relevance of content, etc)

Appraisals

Control
(Belief that one
can influence
achievement

outcomes)

Value
(Perceived
importance of
achieving outcome

)

Achievement Emotions
(Ex: boredom, excitement,
frustration, etc.)
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Fig. 1 A schematic of relevant elements of Pekrun’s (2006) Control—
Value Theory of academic emotions
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& Linnenbrink-Garcia, 2012). Of particular importance
to this study are activity emotions, which are emotions
that occur while engaging in course activities. Examples
of such emotions are boredom, relaxation, enjoyment,
frustration, and anger. Activating positive emotions,
such as enjoyment, is assumed to strengthen motivation
and increase the use of flexible learning strategies and
self-regulation, while negative emotions, such as anger,
decrease these (Pekrun & Linnenbrink-Garcia, 2022).
Multiple meta-analyses of activity emotions demon-
strated that in most cases, these emotions can influence
multiple academic outcomes, including performance,
motivation, and study strategies (Camacho-Morles et al.,
2021; Loderer et al.,, 2020; Tze et al.,, 2016). Interestingly,
the influence of emotions seems to attenuate in tertiary
educational settings like college courses (Camacho-Mor-
les et al., 2021) suggesting the importance of further test-
ing this framework in college courses.

Pekrun and Linnenbrink-Garcia (2022) outline multiple
reasons to expect that emotions will influence engage-
ment. For example, emotions can focus attention and
cognitive resources on or off a task. Multiple studies have
shown that negative emotions are associated with off-
task thinking and positive emotions reduce that off-task
thinking (Pekrun et al, 2010, 2011; Zeidner, 1998). In
addition, positive emotions such as enjoyment increase
effort and cognitive engagement, whereas hopelessness
or boredom reduce effort (Buff et al., 2011; Linnenbrink,
2007; Pekrun et al., 2010, 2011). Finally, of particular
interest for active learning, which often involves group
work, positive emotions can support social engagement
during learning by increasing group cohesion, active
listening, and helping peers, while negative emotions
decrease these while increasing social loafing (Linnen-
brink-Garcia et al., 2011). Multiple studies at the college
level explicitly explored the link between activity emo-
tions and engagement although only one was in a STEM
active learning classroom. In a study of in-class discus-
sions, positive emotions supported engagement, while
negative emotions elicited a more complex pattern (Do
& Schallert, 2004). In a second study, boredom was posi-
tively correlated with attention problems and shallow
information processing (Pekrun et al., 2010). Emotions
have also been extensively studied in college level lan-
guage learning classrooms (Dewaele & Li, 2020) and in
these settings boredom has also been shown to reduce
engagement (Derakhshan et al., 2022; Li, 2021), but class-
room climate can also influence engagement (Derakh-
shan et al., 2022). Finally, one study in a flipped anatomy
classroom explored the relationships between emotions
and engagement (Ranellucci et al., 2021). Researchers
found emotions like tired or irritated reduced attention
to activities and emotions like excitement and happiness
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increased engagement and through engagement, achieve-
ment. Overall, we find strong evidence in the literature
to support that engagement in class can be influenced
by activity emotions, although the majority of this evi-
dence comes from K-12 settings and little is known about
undergraduate STEM active learning settings.

Appraisals

Student appraisals form another key component of
Pekrun’s model. A student’s appraisal of their environ-
ment can influence the emotions they experience in
that setting. Pekrun’s model focuses on two appraisals:
subjective control and subjective value. Control is a stu-
dent’s perception that they can influence their achieve-
ment actions and outcomes. Students feel a high sense
of control when they believe all of the following are true:
(a) actions are needed to achieve the outcomes they
want, (b) they are able to perform the needed actions,
and (c) the actions will produce a positive outcome or
reduce the chance of a negative one (Pekrun, 2006). In
an active learning classroom, perceived control could
look like a student believing that being passive will not
lead to achieving what they want, that they can success-
fully interact with and learn from other students in class
during activities and/or completing any outside-of-class
work, and that taking these actions will lead to the out-
come they desire. Control is low when students believe
they do not need to take action to achieve what they
want (i.e., being passive in class is fine), they are not able
to perform the actions needed (e.g., groupmates do not
engage during activities so no matter what they do, they
do not benefit from the activities), and/or taking action
will not change the outcome (e.g., exams are unfairly
written so no matter what effort they put in, they will not
do well).

The second key appraisal in Pekrun’s model is value,
which is the students’ perception regarding the impor-
tance of achieving the outcome. In combination, these
two appraisals of control and value influence activity
emotions (Pekrun, 2006). For example, if engaging in
active learning and the outcomes from it are valued, and
engaging in active learning feels controllable, then a stu-
dent might feel enjoyment during active learning activi-
ties. If engagement in active learning is controllable but
neither the active learning nor the outcomes from it are
valued, then a student might feel anger at putting effort
into something that they do not believe matters.

Multiple studies have now demonstrated the connec-
tion between the appraisals of control and value and the
academic emotions students experience, although little of
this work has occurred at the college level. For example,
a study of 6th graders in Germany showed that when stu-
dents’ belief about their control over their learning and
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the value of their learning increased, their enjoyment of
learning increased as well (Buff, 2014). Control and value
were also seen to increase positive emotions in a popula-
tion of German college students (Goetz et al, 2010). A
recent longitudinal study following 5th and 6th graders
in Portugal found perceived control and value at previous
timepoints influenced the emotions students experienced
in subsequent timepoints, and that these emotions, in
turn, influenced achievement (Forsblom et al., 2022).

Features of the course environment

Since student appraisals influence emotions and emo-
tions can influence engagement, it is important to under-
stand what influences student appraisals of control and
value. Control-Value Theory assumes that features of
the course environment (both social and cultural) pro-
vide information to students about their ability to control
their success and the value of what they are being asked
to do (Pekrun, 2006). Like control and value, these fea-
tures of the course environment are also filtered through
a student’s perceptions and are sometimes termed “dis-
tal appraisals” in this theory (Pekrun & Stephens, 2010).
We will refer to them as environment features to avoid
confusion with appraisals of control and value. In a study
of math classes in Hong Kong and England, the environ-
ment feature of instructor clarity increased students’
sense of control and the value they saw in math and,
through these, increased enjoyment (Chen & Lu, 2022).
Thus, instructors can shape the course environment to
influence activity emotions and behaviors (Linnenbrink-
Garcia et al., 2016).

In the current study, we are interested in course envi-
ronment features that instructors may be able to shape
and through which they may influence engagement in
active learning courses. Active learning courses are dis-
tinct from more traditional courses in their frequent
use of formative assessment activities before (e.g., read-
ing quizzes) and during class (e.g., clicker questions), as
students are learning the material. For students to maxi-
mally benefit from these activities, they need to engage
effortfully by trying hard, staying focused, and not giv-
ing up in the face of difficulty. This type of engagement
is not always what students expect, particularly if they
are used to being evaluated in a summative fashion only.
This potential misalignment of student and course expec-
tations can increase confusion and resistance, ultimately
decreasing their motivation to engage. In addition, most
active learning courses have social elements where stu-
dents work together on in-class activities. This can raise
concerns about “looking bad” in front of peers and lead
to social comparison that may cause students to disen-
gage (Canning et al., 2020; Elliott & Dweck, 1988). Given
these unique characteristics of active learning courses,
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we focus on four features of the course environment
that may be important to attend to in order to maximize
student engagement: goal structure, relevance, instruc-
tor—student relationship, and competition. We pre-
sent evidence that these features could operate through
the dimensions of Pekrun’s Control-Value Theory of
Achievement Emotions to influence student engagement.

Goal structure. Instructors can establish goals for a
course that influence students’ personal goals (Fokkens-
Bruinsma et al., 2020). Achievement Goal Theory pro-
vides one taxonomy for thinking about student goals
relevant to active learning courses (Urdan & Kaplan,
2020). In this taxonomy, students can approach a course
from a performance goal orientation (focusing on look-
ing competent), a mastery goal orientation (focusing on
developing competence), or both (Meece et al.,, 2006).
There is evidence from the K-12 literature that students
who hold performance goals as their primary goal will
sacrifice opportunities to learn if those opportunities risk
their ability to appear smart (Elliott & Dweck, 1988). This
could manifest as reduced participation in small group
conversations during active learning and reduced effort
on activities. Mastery goal orientation, on the other hand,
is associated with student persistence at challenging tasks
and deep-level learning strategies that reflect effortful
engagement (Greene et al., 2004; Wolters, 2004). A recent
meta-analysis demonstrated that classroom goal struc-
tures promoting mastery increase students’ adoption of
mastery goals (Bardach et al., 2020).

Studies using Achievement Goal Theory have related
a mastery focus to several dimensions found in Pekrun’s
theory. For example, a mastery focus is related to higher
enjoyment of learning and lower anger and boredom
compared to a performance focus (Daniels et al., 2008;
Pekrun et al.,, 2009). Mastery goals may also promote a
sense of control as a student measures their progress
by personal growth rather than by a comparison to the
performance of others (Linnenbrink, 2007; Linnenbrink
& Pintrich, 2002; Linnenbrink-Garcia & Barger, 2014).
Thus, classroom goal structure could influence engage-
ment through activity emotions and control.

Relevance. Multiple studies have demonstrated that
when students find a course to have relevance to them,
their engagement increases (review in Priniski et al,
2018). In an active learning classroom, which may
require students to engage in ways they may not be
accustomed to, relevance may be a motivating factor for
students to continue through difficult tasks. Relevance
seems to work in multiple ways, but the most germane
for our study is that it influences value. Specifically, rel-
evance can influence utility value—helping students see
something as useful to them—or attainment value—see-
ing something as related to the self (Eccles et al., 1983).
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Pekrun’s conception of value in Control-Value Theory
captures both of these conceptions of interest. Instruc-
tors can influence relevance through course features such
as making connections between content and real-world
problems or relating the course to student identities (Lin-
nenbrink-Garcia et al., 2016).

There are many different forms of relevance and in the
current study, we focus on relevance of course content
and skills for helping others. We focus on this because
Generation Z, who is currently in college, is a prosocial
generation, on average, and expresses being motivated by
helping others and advocating for things they believe in
(Seemiller & Grace, 2015). In addition, this form of rel-
evance can relate both to utility value (i.e., how students
might use what they are learning to help others) and
attainment value (i.e., how learning this content might
help students be the good person they strive to be).

Instructor—student relationship. Another important
feature of classroom environments is the instructor—stu-
dent relationship. Active learning often asks students
to engage in challenging tasks and to engage in more
coursework than a more passive course might ask of stu-
dents. Students’ belief that this extra work will benefit
them has been shown to be important in active learn-
ing courses (Hernandez et al., 2021). One way this belief
can develop is through the instructor—student relation-
ship. Researchers have found that when students trust
that the instructor cares about them and is competent to
guide their learning, their engagement in active learning
courses increases (Cavanagh et al., 2018; Reis et al., 2004).

The quality of instructor—student relationships has
been widely demonstrated to influence student emo-
tions in K-12 settings. For example, a supportive teaching
style is positively correlated with feelings of enjoyment
and pride, and negatively correlated with boredom and
anxiety across multiple studies (Ahmed et al, 2010;
Goetz et al, 2013; Lazarides & Buchholz, 2019). A bet-
ter-quality relationship produced more positive emo-
tions and weaker negative ones in 10th and 11th graders
(Goetz et al., 2021). In addition, a study on the quality of
instructor—student relationships, as measured through
the ideas of closeness and conflict, found that greater
closeness predicted more enjoyment and less boredom
across multiple subject areas (Clem et al., 2021). Thus,
the instructor—student relationship in active learning
courses may matter for student engagement by influenc-
ing student emotions, although research has not demon-
strated whether this is due to perceptions of control and/
or value.

Competition. STEM courses, especially gateway
courses, are often perceived as competitive courses.
Competition can enhance social comparison concern
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in all students, and especially first-generation students
(Canning et al., 2020). Fears about social comparison
can lower student engagement and attendance (Can-
ning et al., 2020). Such effects of competition are espe-
cially concerning in the context of active learning, since
student learning hinges on their presence, participa-
tion, and interactions with peers. Course character-
istics that may be under the instructor’s purview can
signal how competitive a course is. For example, curved
grading inherently compares students’ performances to
each other (promoting competition), whereas criterion-
based grading focuses on an individual student’s ability
to master a task (Covington & Omelich, 1984). Instruc-
tors can also signal the level of competition in a course
through how they talk about course goals and aspects
of course design (Canning et al., 2020).

Competition by its nature means there are winners
and losers in the classroom which can reduce students’
feelings of control (Frenzel et al., 2007). Competition in
classrooms has been positively correlated with feelings
of anxiety and anger (Baudoin & Galand, 2017; Frenzel
et al., 2007), but also to a lesser degree, enjoyment and
boredom (Frenzel et al., 2007). Thus, perceived compe-
tition can influence students’ sense of control and their
activity emotions.

In summary, the Control-Value Theory of Achieve-
ment Emotions suggests that features of the course
environment have the potential to influence student
engagement in active learning courses through stu-
dents’ appraisals of their control over their learning
and the value they see in that learning, and the emo-
tions experienced during course activities. In this study,
we examine how four features of the classroom envi-
ronment influence control, value, activity emotions,
and ultimately, student engagement in active learning.
Although engagement can be measured in many ways
(Groccia, 2018), we focused on cognitive engagement,
a measure of the degree of psychological investment
(Fredricks et al., 2004). Our specific research questions
were:

1. How do course environment features (specifically,
student perceptions of classroom goal structure, rel-
evance of the course, instructor—student relationship,
and perceived competition in the class) relate to stu-
dents’ appraisals of control and value in active learn-
ing courses?

2. How do course environment features and students’
appraisals of control and value relate to activity emo-
tions students experience in active learning courses?

3. How do students’” appraisals of control and value, and
the activity emotions they experience relate to stu-
dents’ engagement in active learning courses?
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4. How do course environment features, mediated by
appraisals and activity emotions, influence students’
engagement in active learning courses?

Methods

Course selection, survey procedures, and participant
demographics

We recruited a national sample of 13 instructors using
active learning and invited their students to partici-
pate in the study. We identified instructors through a
process that began with a review of existing literature
regarding implementation of active learning approaches
in introductory STEM courses (Theobald et al., 2020).
This review included published and unpublished studies
authored by introductory STEM course instructors, who
investigated their own use of active learning strategies.
We emailed these studies’ authors inviting them to par-
ticipate in our study. In cases where the authors we con-
tacted were not available to participate, we asked them
to recommend colleagues who use similar approaches as
they do in teaching an introductory STEM course. Thus,
we relied on instructor self-report of use of active learn-
ing practices and confirmed their use of these practices
through conversation before we collected data in their
courses. Instructors in our sample used a suite of differ-
ent practices (including small group work in class, click-
ers, group quizzes, etc.) that all fell under our broad
definition of active learning, which involves engaging
students during class through activities designed to elicit
their involvement (Freeman et al., 2014). The variation
in practices found across participants is a strength of
our study, as it demonstrates that the model we build is
robust to the range of varied practices that fall under the
umbrella of active learning.

After obtaining necessary institutional permissions,
we surveyed the students enrolled in each instructor’s
in-person introductory STEM course during 2022 or
2023. Disciplinary areas of the courses included: biol-
ogy (4 classes), calculus (2 classes), chemistry (3 classes),
computer science (1 class), geology (1 class), and phys-
ics (2 classes). Instructors distributed an electronic link
to students to complete the online survey for a small
amount of course credit. The survey was distributed dur-
ing the second half of the term in order to ensure that
students had sufficient exposure to the course environ-
ment. This study was considered exempt under IRBs:
Eastern Michigan University UHSRC-FY21-22-139,
Florida International University IRB-20-0370-AMO1,
New Mexico State University 2206001150, University of
Minnesota STUDY00020526, University of South Florida
Study003772, University of Washington Study00010826,
and Washington University in St. Louis 202112131.
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All classes included in this study are from institutions
of higher education in the United States. Across the 13
classes, 1,885 students responded to the survey. Response
rates by class can be found in Supplemental Table 1. Of
the survey respondents, 63% reported a race/ethnicity
that is non-White and/or reported more than one race/
ethnicity, while 34% of respondents reported their race/
ethnicity as White. Nationally in the United States, 48%
of undergraduate students enrolled in higher education
institutions in fall 2021 reported a race/ethnicity that is
non-White or more than one race/ethnicity, while 52%
of students reported their race/ethnicity as White (U.S.
Department of Education, 2023). In terms of gender, 63%
of respondents in this study reported female and/or femi-
nine and/or woman, 31% of respondents reported male
and/or masculine and/or man, and 4% of respondents
reported another gender in addition to or other than
binary gender categories. Nationally in the United States,
information on student gender identity is not available,
but in terms of binary sex categories, 58% of undergradu-
ate students enrolled in higher education institutions in
fall 2021 reported female and 42% of students reported
male (U.S. Department of Education, 2023). Thirty per-
cent (30%) of respondents in this study were deemed
first-generation college students based on the highest
level of education of their parent or guardian as reported
by the survey respondents. Nationally in the United
States, 54% of undergraduate students identified as first-
generation college students in 2020 (RTI International,
2023).

Survey instrument and measures

The survey instrument included measures of students’
perceptions of course environment features, their
appraisal of the course in terms of control and value, the
emotions they experience in relation to in-class course
activities, their level of cognitive engagement in the
course, and demographic information. Each of the meas-
ures that were considered for analysis in this study are
briefly described below. Survey scales analyzed for this
study can be found in Supplemental Table 2.

Course environment features

Based on a review of the literature and in consultation
with an advisory board of STEM education research
experts, four constructs were selected to assess students’
perceptions of their course environment. These con-
structs were measured by adapting existing scales: per-
ceived classroom goal structure (Midgley et al., 2000),
perceived relevance of the course for helping others
(Jackson et al., 2016; Zambrano et al.,, 2020), students’
trust in their instructor (Adams & Forsyth, 2009), and
perceived sense of competition in the class (Arnold et al.,
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2009; Canning et al., 2020). In some cases, we combined
items from two existing scales to measure one construct
if we deemed that there were an insufficient number of
items from one scale. We adapted the wording of some
items if the original scales were written for K-12 or work-
place contexts, rather than the undergraduate classroom
context.

The scale measuring perceived classroom goal structure
(henceforth referred to as “Mastery”) consisted of 6 items
(example item: “In this class, it’s important to understand
the work, not just memorize it”). Among the different
ways to measure course relevance, we focused on rel-
evance for helping others given that the current genera-
tion of college students are motivated by helping others
and advocating for causes they believe in (Seemiller &
Grace, 2015). The scale measuring perceived relevance of
the course for helping others (henceforth referred to as
“Relevance”) consisted of 6 items (example item: “I think
I can apply knowledge and skills I learn in this class to
helping others”). Instructor—student relationship can be
characterized and measured in many different ways. We
chose to focus on students’ trust in their instructor, since
trust is considered a foundational component of instruc-
tor—student relationships (Addy et al., 2021; Artze-Vega
et al., 2023). The scale measuring students’ trust in their
instructor (henceforth referred to as “Trust”) consisted
of 12 items (example item: “The professor of this class
is always ready to help”). The scale measuring perceived
sense of competition in the class (henceforth referred to
as “Competition”) consisted of 8 items (example item:
“Everybody is concerned with finishing at the top of this
class”). All items measuring the course environment fea-
tures were asked on a six-point Likert scale (strongly dis-
agree [1], disagree [2], somewhat disagree [3], somewhat
agree [4], agree [5], strongly agree [6]).

Course appraisals

The two course appraisals of students’ sense of con-
trol over their learning and their perceived value of the
course were measured using existing scales (Perry et al.,
2001; Pintrich et al., 1991, respectively). The scale meas-
uring sense of control (henceforth referred to as “Con-
trol”) consisted of eight items (example item: “I see
myself as largely responsible for my performance in this
course”). The scale measuring perceived value of the
course (henceforth referred to as “Value”) consisted of six
items (example item: “I think I will be able to use what I
learn in this course in other courses”). All items measur-
ing the constructs of Control and Value were asked on a
six-point Likert Scale (strongly disagree [1], disagree [2],
somewhat disagree [3], somewhat agree [4], agree [5],
strongly agree [6]).
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Activity emotions

There are seven achievement-related activity emotions
per Pekrun et al’s (2017) short form of epistemic emo-
tions scale. In the short form, each emotion is measured
by a single item. Per the short form, students in this study
were asked, “For each emotion, please mark how strongly
you experience that emotion in a typical class day” and
were provided with the following emotions: surprised,
curious, excited, confused, anxious, frustrated, and
bored. The scale for rating these emotions were: not at
all (1), very little (2), moderate (3), strong (4), very strong
(5).

Engagement

Students’ level of engagement in the course was meas-
ured using Wang et al’s (2016) math and science engage-
ment scale. While Wang et al’s (2016) full scale consists
of items pertaining to cognitive, behavioral, emotional,
and social engagement, we used eight items pertaining to
cognitive engagement only. This was in order to keep the
overall length of the survey reasonable and since some
items pertaining to the other three types of engagement
were deemed to overlap with items on other constructs
being measured on the survey. For instance, there were
items pertaining to behavioral engagement that were
similar to items on the Mastery scale, items pertaining
to emotional engagement that were similar to items on
the Value scale, and items pertaining to social engage-
ment that were similar to items on the Competition scale.
Thus, for the purposes of this study, the eight items per-
taining to cognitive engagement per Wang et al. (2016)
constitute our Engagement scale. An example item on
this scale was: “I try to understand my mistakes when I
get something wrong”” Items on this scale were asked on
a six-point Likert scale (strongly disagree [1], disagree
[2], somewhat disagree [3], somewhat agree [4], agree [5],
strongly agree [6]).

Construct validity and reliability

Each construct was evaluated in terms of validity by
seeking feedback from an expert panel of STEM educa-
tion researchers and from examining the factor loadings
through confirmatory factor analyses. Reliability was
evaluated by assessing McDonald’s omega coefficient
for each of the scales included in the survey. Methodolo-
gists generally agree that McDonald’s omega, rather than
Cronbach’s alpha, is the preferred measure of reliability
given the former’s general applicability, whereas the lat-
ter is only suitable under limited circumstances with
assumptions that are usually unrealistic (Hayes & Coutts,
2020; Knekta et al., 2019; McNeish, 2018).
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Data analysis

Descriptive statistics were examined to assess the nor-
mality of the measured variables and patterns of missing-
ness. For items asked on a 6-point Likert scale (Mastery,
Relevance, Trust, Competition, Control, Value, and
Engagement) means ranged from 1.53 to 5.26, and stand-
ard deviations ranged from 0.80 to 1.65. For items asked
on a 5-point Likert scale (activity emotions), means
ranged from 2.42 to 3.41 and standard deviations ranged
from 0.86 to 1.19. Univariate skewness ranged from 0.02
to 2.11 and kurtosis ranged from 0.01 to 5.24. Mardia’s
test of multivariate normality indicated a lack of multi-
variate normality, leading us to use maximum likelihood
estimation with robust standard errors (MLR) in our con-
firmatory factor analyses (CFAs) and structural equation
modeling (SEM) analyses. MLR is suitable for nonnor-
mally distributed survey data with five or more response
options that can be considered continuous (Knekta et al.,
2019).

The individual survey item with the highest amount
of missing data was missing at 0.80%. Based on Little’s
MCAR test, missing items were determined to be miss-
ing completely at random (MCAR) since the result was
non-significant. This led us to apply full-information
maximum likelihood (FIML) during the modeling phase
of our analysis, which was conducted using the lavaan
package in R.

Two-phase modeling approach

The first phase of the two-phase modeling approach was
to examine measurement models using confirmatory fac-
tor analyses (CFAs). CFAs were chosen as appropriate for
our purposes since we are testing (confirming) theoretical
models using constructs with existing validity evidence
based on prior studies that have been conducted in con-
texts similar to our study (Knekta et al., 2019). We used
CFAs to examine how well the survey items reflected the
latent variables of Mastery, Relevance, Trust, Competi-
tion, Control, Value, and Engagement. The measurement
model for each construct was assessed individually, then
as a unified model with all constructs included. Model
fit indices, such as the comparative fit index (CFI), root-
mean-square error of approximation (RMSEA), and
standardized root-mean-square residual (SRMR) were
used to assess model fit following Hu and Bentler’s (1999)
recommendations as rough guidelines (e.g., CFI>0.95,
SRMR <0.08, and RMSEA <0.06). In cases of clearly poor
model fit we considered modifications such as the elimi-
nation of dysfunctional scale items and/or the addition of
residual covariances between specific scale items, as long
as these modifications were deemed theoretically sound
after discussion and arriving at consensus among the
authors.
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Given satisfactory fit for measurement models in the
first phase, we specified a unified structural model in the
second phase of modeling, to assess the hypothesized
paths between the predictor variables and the outcome
of interest, student engagement, controlling for instruc-
tor, as shown in Fig. 2. Combined with the first phase,
the two-phase approach constitutes structural equation
modeling (SEM), which is an analytical method used to
evaluate a priori theory-driven hypotheses regarding
causal relationships among measured and/or latent vari-
ables, including relationships that are mediated by inter-
mediary variables (Mueller & Hancock, 2019). During
our second phase of SEM, we retained any measurement
model modifications made in the first phase. We con-
trolled for the hierarchical nature of the data (students
nested within 13 classes) by making instructor a fixed
effect variable and specifying it as covariates of the four
course environment constructs and the two appraisal
constructs. We selected an instructor at random to be
the reference level. We did not hypothesize paths from
the instructor variable to the seven activity emotions,
since prior research on the effects of students’ class envi-
ronment perceptions on their emotional experiences
concluded that the effects function primarily at the indi-
vidual, rather than classroom, level (Frenzel et al., 2007).
Similarly, we did not hypothesize paths from the instruc-
tor variable to Engagement since we deemed this con-
struct to be more internally driven and less influenced
by the nestedness of the data, as Urdan (2004) found in a
study relating students’ class environment perception to
their goals and outcomes.

In terms of the relationships among constructs, course
appraisals (Control, Value) were hypothesized to medi-
ate the relation between the course environment features
(Mastery, Relevance, Trust, Competition) and the seven
activity emotions, as well as between the course environ-
ment features and Engagement. The seven activity emo-
tions were also hypothesized to mediate the relations of
the course appraisals with Engagement. In addition to
the structural relations, we theorized that residuals with
common blocks of endogenous variables would covary
(i.e., between Control and Value; among all emotions),
reflecting sources of relations other than their common
causal antecedents within the model. The structural
model was itself assessed for satisfactory fit using the
three fit indices mentioned above. The full results com-
bining the measurement and structural models can be
found in the Supplements.

Results

Confirmatory factor analyses

During confirmatory factor analyses, we eliminated dys-
functional scale items and added residual covariances
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Fig. 2 Proposed SEM model. Each gray box includes multiple constructs. Arrows shown to and from the gray boxes are simplified representations

of the diverse paths between each construct

between some scale items if the authors agreed these
modifications were theoretically sound. Eliminated scale
items included Trust 2 (initial CFA factor loading of
0.35), Engagement 5 (initial CFA factor loading of —0.33),
Engagement 6 (initial CFA factor loading of —0.27),
Engagement 7 (initial CFA factor loading of —0.40), and
Engagement 8 (initial CFA factor loading of 0.32). All
original survey items, including those eliminated during
this phase of the analysis, can be found in Supplemental
Table 2. Within the Control scale, residual covariances
were added among Control 3, Control 5, Control 6, and
Control 8, specifically to account for the fact that these
items were negatively worded (i.e., they asked about lack
of control) and all other items on the scale were positively
worded. We added residual covariances between other
scale items when the wording or the idea behind these
items were similar in a way that led us to assume a rela-
tionship between the items beyond the fact that they are
items within the same scale. These items were: Mastery 1
and Mastery 2, Mastery 1 and Mastery 6, Relevance 2 and
Relevance 3, Trust 10 and Trust 11, Competition 1 and
Competition 4, Competition 4 and Competition 5, Com-
petition 6 and Competition 7, Value 2 and Value 6, Value
3 and Value 5. The residual covariances of these relations
are reported in Supplemental Table 3.

After making the above modifications, confirmatory
factor analyses for each of the latent variables showed
satisfactory fit to the data. McDonald’s omega reliabil-
ity coeflicients for the seven scales ranged between 0.80

and 0.96, indicating acceptable reliability (Supplemental
Table 2). Assessed under a unified measurement model,
fit indices were: y*=4417, p<0.001; CFI (robust)=0.94,
RMSEA (robust)=0.05; SRMR=0.06. The standardized
factor loadings for all items retained in the final model
were highly significant (p <0.001) and equal to or greater
than 0.5 for all items, with the exception of Mastery 6
(factor loading of 0.46), Control 7 (factor loading of 0.49),
and Control 8 (factor loading of 0.48). These three items
were retained in the model since they were highly signifi-
cant and since in the review of these items, there was no
clear theoretical basis for removing them. Overall, these
results indicated that the data fit the measurement model
well.

Structural equation modeling

Fitting the data to the structural model indicated satisfac-
tory fit: y*=7482, p<0.001; CFI (robust)=0.92, RMSEA
(robust)=0.04; SRMR=0.05. Full results of the struc-
tural model components can be found in Supplemental
Table 4.

Direct effects of course environment features on course
appraisals

Control was significantly influenced by all four course
environment features (p <0.001; R*=0.43; Fig. 3). When
Mastery (estimate and standard error: 0.40+0.079;
standardized coefficient: 0.21), Relevance (0.09 + 0.023;
0.12), and Trust (0.44 + 0.044; 0.35) increased, students’
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Fig. 3 Direct effects of course environment features on student
appraisals of Control and Value, after accounting for instructor effects.
Numbers shown above the paths are standardized coefficients

with alpha values < 0.05. A solid black path is a positive relationship,
and a dashed black path is a negative relationship. This figure

is a subset of the full SEM model subdivided for clarity. See Figs. 4
and 5 for visuals of the rest of the structural model. See Supplemental
Tables for full model results

sense of control also increased. As for Competition
(—0.25+0.036; —0.23), an increase in this course envi-
ronment feature was associated with a decrease in stu-
dents’ sense of control. Of these four paths between the
course environment features and Control, Trust had the
strongest effect with a standardized coefficient of 0.35.

Value was significantly influenced by three of the
four course environment features (p <0.001; R*=0.54;
Fig. 3). Mastery (0.42+0.068; 0.22), Relevance
(0.38+£0.021; 0.51), and Trust (0.11+0.033; 0.09) were
found to increase students’ perceived value of the
course. Competition did not have a significant effect on
Value. Relevance’s influence on Value was found to have
the largest effect with a standardized coefficient of 0.51.

We also saw variability among instructors in terms
of students’ perceptions of the four environment fea-
tures, although the amount of variation explained
at the instructor level was generally low (R*=0.07-
0.10) except for Competition (R?>=0.25). The varia-
tion in Control and Value explained by the instructor
level was higher than for the environment features
(R*[control] = 0.43; R*[value] =0.54). See Supplemental
Table 4 for full results.
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Direct effects of course environment features and course
appraisals on activity emotions

We found several course environment features and
course appraisals significantly impacting the positive
activity emotions of Surprise, Curiosity, and Excitement
(Fig. 4). In terms of Surprise (R*=0.05), there were sig-
nificant positive direct paths from Relevance (estimate
and standard error: 0.15+0.029; p<0.001; standardized
coefficient: 0.18), Trust (0.12+0.044; p<0.01; 0.09), and
Competition (0.15+0.035; p<0.001; 0.12). Among these
predictors, Relevance had the largest effect with a stand-
ardized coefficient of 0.18. Mastery, Control, and Value
were not found to be significant predictors of Surprise.
For Curiosity (R*=0.32), we found significant posi-
tive direct paths from Relevance (0.06+0.029; p<0.05;
0.08), Trust (0.15+0.036; p<0.001; 0.12), and Value
(0.45£0.051; p<0.001; 0.45). Value was the strongest pre-
dictor of Curiosity with a standardized coefficient of 0.45.
Mastery, Competition, and Control were not found to be
significant predictors of Curiosity. In terms of Excitement
(R*=0.30), we found a significant negative direct path
from Mastery (—0.17 £ 0.064; p <0.01; —0.08) and positive
direct paths from Relevance (0.16 + 0.030; p <0.001; 0.20),
Trust (0.19£0.039; p<0.001; 0.14), Control (0.10 +0.036;
p<0.01; 0.09), and Value (0.34+0.051; p<0.001; 0.31).
Value was the strongest predictor with a standardized
coefficient of 0.31. There was no direct path between
Competition and Excitement.

We also found several course environment features
and course appraisals significantly impacting the nega-
tive activity emotions of Confusion (R*=0.26), Anxi-
ety (R®=0.26), Frustration (R*=0.29), and Boredom
(R*=0.17; Fig. 5). Mastery (0.73+0.094; p<0.001; 0.33)
was a significant positive direct predictor of Confu-
sion, while Trust (—0.12+0.047; p<0.01; —0.09), Control
(—0.45+£0.043; p <0.001; —0.40), and Value (—0.32 + 0.046;
p<0.001; —0.28) were significant negative predictors of
Confusion. Control had the largest effect on Confusion,
with a standardized coefficient of—0.40. Relevance and
Competition were not found to be significant predictors
of Confusion. There were two significant positive direct
predictors of Anxiety: Mastery (0.72+0.104; p<0.001;
0.27) and Competition (0.15+0.043; p<0.001; 0.10).
There were also two significant negative direct predic-
tors of Anxiety: Control (—0.64 +0.054; p <0.001; —0.47),
and Value (—0.24 £ 0.052; p<0.001; —0.17). Control, with
a standardized coefficient of —0.47 was the most influ-
ential predictor of Anxiety. There was no significant
relationship between Relevance and Anxiety or Trust
and Anxiety. As for Frustration, there was a significant
positive direct path from Mastery (0.80+0.105; p <0.001;
0.32), and significant negative direct paths from Trust
(—0.18 £0.055; p<0.001; —0.11), Control (—0.60+0.051;
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Fig. 4 Direct effects of course environment features and appraisals on positive activity emotions as well as the effects of these variables
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on engagement, after accounting for instructor effects on environment features and appraisals. This figure is a subset of the full SEM model
subdivided for clarity. The direct effects of environment features on appraisals are illustrated in Fig. 3 and the relationships with negative activity

emotions in Fig. 5. See Supplemental Tables for full model results
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Fig. 5 Direct effects of course environment features and appraisals on negative activity emotions as well as the effects of these variables
on engagement, after accounting for instructor effects on environment features and appraisals. This figure is a subset of the full SEM model
subdivided for clarity. The direct effects of environment features on appraisals are illustrated in Fig. 3 and the relationships with positive activity

emotions in Fig. 4. See Supplemental Tables for full model results
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p<0.001; —047), and Value (—0.26+0.053; p<0.001;
—0.20). The largest effect was seen in the relationship
between Control and Frustration, which had a stand-
ardized coefficient of —0.47. Relevance and Competition
were not found to be significant predictors of Frustra-
tion. Finally for Boredom, significant negative direct
predictors included Mastery (—0.29+0.075; p<0.001;
—0.14), Relevance (—0.08 £0.029; p<0.01; —0.10), Trust
(—0.15+0.044; p<0.001; —0.11), and Value (—0.20 + 0.046;
»<0.001; —0.18). Competition (0.10+0.032; p<0.01;
0.08) was a significant positive direct predictor of Bore-
dom. Among these variables, Value had the largest effect
on Boredom with a standardized coefficient of —0.18.
Control was not a significant predictor of Boredom.

Direct effects of course appraisals and activity emotions

on engagement

Of the potential direct predictors of Engagement
(R*=0.35), Control (estimate and standard error:
0.16+0.031; p<0.001; standardized  coefficient:
0.21), Value (0.27+0.030; p<0.001; 0.34), Curiosity
(0.08+£0.027; p<0.01; 0.10), and Boredom (—0.07 £ 0.019;
p<0.001; —0.10) were found to be significant (Figs. 4 and
5). Of these predictors, Boredom was the only one that
had a negative relationship with Engagement. Value had
the largest direct effect on Engagement with a standard-
ized coefficient of 0.34. The activity emotions of Surprise,
Excitement, Confusion, Anxiety, and Frustration were
not found to be significant predictors of Engagement.

Total effects of course environment features on engagement

Our study aimed to understand whether and how stu-
dent perceptions of course environment features influ-
ence students’ engagement through the mediated paths
posited by Control-Value Theory. Our hypothesis is
that since instructors can influence how they shape their
course environment it is worth paying attention to how
these course environment features are ultimately impact-
ing student engagement. The caveat, of course, is that
engagement is likely a complicated construct that stu-
dents arrive at through various paths. To capture a global
understanding of how course features impact engage-
ment, we calculated the total effects of these variables
inclusive of all their direct and indirect paths to engage-
ment (this includes non-significant paths) based on the
results of our structural equation modeling. As seen
in Supplemental Table 5, Mastery (estimate and stand-
ard error: 0.23+0.038; standardized coefficient: 0.15),
Relevance (0.16+0.012; 0.26), and Trust (0.13+0.020;
0.13) had significant (p<0.001) positive total effects on
Engagement. Competition (—0.03+0.014; —0.04) had a
significant (p <0.05) negative total effect on Engagement.
Among these predictors, Relevance had the largest total
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effect with a standardized coefficient of 0.26. This total
effect (and similarly, each of the total effects of the other
course environment features on Engagement) was com-
puted by summing up the effects of Relevance on Engage-
ment mediated by Control and Value, then combining it
with the effects of Relevance on Engagement mediated by
each of the seven emotions. Examination of total effects
is insightful since it quantifies how Engagement is influ-
enced by the four course environment features, which,
among all variables examined in this study, are arguably
the most amenable to change as a direct result of specific
instructor practices.

Discussion

We found that four course environment features (class-
room goal structure, relevance for helping others, trust
in instructor, and competition) all influenced student
engagement in active learning course activities through
students’ appraisals of control and value and through
the activity emotions of curiosity and boredom. Thus,
Pekrun’s Control-Value Theory of Achievement Emo-
tions can be useful for considering student engagement
in active learning courses, particularly in light of the rela-
tionships between environment features and the apprais-
als of control and value, as well as the relationships
between these appraisals and student engagement. At the
same time, there were several hypothesized paths that
were not found to be significant, such as those between
some activity emotions and student engagement. Results
from this study point to both helpful insights regard-
ing the applicability of Pekrun’s theory in understanding
student engagement in active learning courses as well as
directions for further study.

Course environment features and their relationships

to control, value, activity emotions, and engagement

The Control-Value Theory of Achievement Emotions
posits that course environment features can influence
achievement behaviors through their influence on stu-
dent appraisals of control and value, and then through the
influence of control and value on activity emotions. Our
study generally confirmed this prediction: the four envi-
ronment feature variables had stronger direct effects on
control and value than direct effects on emotions (except
for classroom goal structure which had similar sized
direct effects on some emotions). Below we describe the
patterns generated by each environment feature variable.

Goal structure

Classroom goal structure contributed equally to per-
ceived control and value. This result is in line with lit-
erature demonstrating that a focus on mastery can
enhance students’ sense of control since students’
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metric for measuring their own success shifts to one
focused on personal growth rather than comparison
to others (Linnenbrink, 2007; Linnenbrink & Pintrich,
2002; Linnenbrink-Garcia & Barger, 2014). In addition,
instructors who endorse mastery goals tend to explic-
itly tell their students why a deep understanding of the
content matters and connect the content to students’
interests (Meece, 1991). Both of these features of a
mastery classroom can influence value, since students
find the material personally meaningful when they are
able to see how it relates to them (reviewed in Priniski
et al., 2018).

Despite having positive relationships with control
and value, a classroom goal structure focused on mas-
tery was found to increase multiple negative emotions
(confusion, anxiety, frustration) while it had no effect
or decreased (in the case of excitement) positive emo-
tions. This pattern was unexpected since a mastery
goal structure should encourage the adoption of mas-
tery goals, which are usually positively correlated with
positive emotions and negatively correlated with nega-
tive emotions (see meta-analysis Huang, 2011). How-
ever, the complex relationship between a mastery goal
structure and emotions is also reasonable if considering
what a mastery-focused classroom might entail. Often
when instructors emphasize a mastery goal structure
in their class, students are asked to move towards more
open-ended, complex activities (Belenky & Nokes-
Malach, 2013), which students may find more difficult,
especially if they are not well scaffolded (Whiteman &
Ochakovskaya, 2017). More open-ended and difficult
tasks could elevate experiences of confusion, anxiety,
and frustration as we observed. Further studies of the
activities occurring in classrooms with mastery goal
structures are warranted to test this hypothesis. At the
same time, it is important to note that in our study, the
three negative emotions that were correlated with goal
structure were not significantly related to engagement.
As for the emotions that did have significant relation-
ships with engagement, curiosity was not impacted by a
mastery goal structure while boredom was reduced by a
mastery goal structure.

On the whole, a more mastery-focused goal struc-
ture increased engagement, and it was found to have
the second strongest positive overall impact on engage-
ment among the four course environment features. Some
examples of instructor practices that influence students’
perceptions of course goal structure and promote a mas-
tery focus in students include: structuring opportunities
for iteration and feedback on assignments, providing var-
ied and challenging activities, and engaging in appropri-
ate pacing (Ames, 1992; Fokkens-Bruinsma et al., 2020;
Pintrich & De Groot, 1990).
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Relevance for helping others

Relevance for helping others had the largest positive
effect on perceived value among all classroom environ-
ment features, smaller positive effects on control and
positive emotions, and a small negative effect on bore-
dom. Multiple studies have found that highlighting the
relevance of course material can make the material per-
sonally meaningful (reviewed in Priniski et al., 2018) and,
thus, increase its perceived value to students. Relevance
that focuses on how the content can have a positive
impact on the world has been called “self-transcendent
purpose” and it works through increasing the salience of
this goal in the classroom with the assumption that this
goal matters to students (Yeager & Bundick, 2009; Yeager
et al,, 2014). Studies have found that students persisted
longer at boring tasks (Eccles, 2009; Yeager et al., 2014)
and engaged in deeper learning behaviors with those
tasks (Yeager et al., 2014) when the tasks were framed
with a prosocial purpose. When a topic becomes some-
thing of interest because of personal relevance it is also
associated with positive emotions (Deci & Ryan, 1985;
Hidi & Renninger, 2006). This explains the relationship
between students’ perceived relevance of the course for
helping others and their positive emotions. The small
relationship to control is less readily explained by exist-
ing literature. It is possible that relevance encourages stu-
dents to put more effort into a course and, thus, makes
positive outcomes seem more possible.

Of the four course environment features examined in
this study, relevance had the strongest positive overall
impact on engagement. Instructors can help students
see the relevance of content for helping others through
the use of short interventions (Yeager & Bundick, 2009;
Yeager et al., 2014) and through explicitly teaching that
connection as part of the course content.

Instructor-student trust

Students’ trust in their instructor exhibited a larger posi-
tive influence on control than on value. It also had small
positive impacts on positive emotions and small nega-
tive impacts on negative emotions (except anxiety, where
it had no impact). These results align with the literature,
which demonstrate that a better-quality relationship with
instructors elicits positive emotions (Ahmed et al., 2010;
Goetz et al.,, 2013, 2021; Lazarides & Buchholz, 2019).
The literature also supports the relationship between
instructor trust and students’ appraisal of control. An
instructor that is trustworthy likely exhibits character-
istics such as competence, reliability, and care. In the
literature, these characteristics are found to increase
students’ sense that an instructor is fair and empowers
learners (Chory, 2007; Schrodt et al., 2009). A fair and
empowering classroom environment allows students to
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feel that they are in control of their success and failure.
It is important to note that students’ trust in the instruc-
tor is one aspect of how students perceive the instructor’s
role or relationship to them. If we had measured other
ways that students perceive their instructor, we may have
seen more influence on value. For example, instructor
enthusiasm has been correlated with student interest (as
measured by value and affect; Kim & Schallert, 2014).

In this study, instructor—student relationship, as meas-
ured by trust, was the third most influential feature of
the course environment in terms of its overall impact
on engagement. The framework of trust we used has five
facets: openness, benevolence, competence, honesty, and
reliability (Adams & Forsyth, 2009) and these suggest
areas for instructors to focus on to build trust. For exam-
ple, openness is demonstrated when instructors share all
relevant and important information with students (Hoy
& Tarter, 2004). In an active learning setting, this could
look like sharing why the instructor is using active learn-
ing (Hernandez et al., 2021). Another example of how to
build trust involves leveraging benevolence. Benevolence
is perceived when instructors engage in actions that show
care for student wellbeing, such as flexibility with dead-
lines when a student is experiencing stressors in their life
(Adams & Forsyth, 2009).

Competition

Perceived classroom competition had a negative relation-
ship with control and no significant relationships with
value. The relationship between competition and con-
trol is expected since competitive classrooms encourage
students to compare their performance to others, under-
mining control in two ways. First, students do not have
control over other people’s performance and second, a
focus on comparison can cause students to doubt their
own abilities (Sommet et al., 2013). Competition had
small positive relationships with surprise, anxiety, and
boredom. In the literature, competition in classrooms
has been positively correlated with feelings of anxiety and
boredom (Frenzel et al., 2007; Wigfield & Eccles, 1990),
but the relationship to surprise is novel. However, sur-
prise is the emotion we were least able to explain through
the model (R?=0.05), so the real-world relevance of this
emotion and its connection to the different components
of Control—Value Theory is potentially tenuous.

On the whole, in alignment with previous literature
on this topic (Canning et al., 2020), perceived classroom
competition had a small but negative overall impact on
student engagement. Students are more likely to perceive
a course as cooperative and less competitive when they
spend more time working together in small groups rather
than alone (Ghaith, 2003). Some research suggests these
groups may see the most benefit if students are working
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towards a common goal but have independent tasks (Ber-
tucci et al., 2016).

Control, value, and activity emotions and their
relationships to engagement

Unlike the prediction of Control-Value Theory, we did
not find that control and value influenced engagement
strictly through emotions. Instead, we found moderate
direct paths between the two appraisals and engagement.
This could imply that there are other important emotions
that we did not measure that are influencing these rela-
tionships. Alternatively, it could imply that control and
value have influence on achievement behaviors beyond
their influence on emotions. Further work is necessary to
parse this out. Either way, our model suggests that per-
ceived control and value are influential variables in active
learning environments.

We measured seven emotions related to learning and
found that not all of them were related to both control
and value. For example, surprise was related to neither
control nor value (and overall, our model did a poor
job of capturing what influences feelings of surprise;
R*=0.05). Additionally, curiosity and boredom were
influenced by value only, and not by control. Interest-
ingly, these two emotions were the only activity emotions
that significantly influenced engagement. Thus, value had
an indirect impact through emotions on student engage-
ment, but not control. The relationship of value increas-
ing curiosity and decreasing boredom has been found
before (Kogler & Gollner, 2018; Li, 2021; Pekrun et al,,
2010, 2017). However, the lack of relationship with con-
trol differs from the literature for boredom (Kogler &
Gollner, 2018; Li, 2021; Pekrun et al., 2010). We did not
find literature relating curiosity to control.

Overall, this work suggests that variation in students’
appraisals of control and value of active learning STEM
courses could help explain the variation in outcomes
we observe from active learning in these settings (Free-
man et al, 2014; Theobald et al, 2020) by influenc-
ing student engagement. Instructors can leverage four
course features examined in this study to influence these
appraisals to varying degrees. Our model suggests that
to increase students’ subjective control in STEM active
learning courses it is most effective to build trust with
students. Reducing students’ perception of competi-
tion in the course and focusing them on mastery goals
were also found to increase student control. Instructors
may be able to achieve changes in these course environ-
ment features by focusing on aspects of course design,
implementation, and delivery. To increase students’ sub-
jective value, the most effective strategies according to
our model were for instructors to help students see the
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relevance of the course for helping others and to focus
students on mastery goals.

Limitations and further work

This study was conducted in 13 STEM classrooms with
only 1,885 student survey respondents. Because of this
small sample, we were not able to account for disciplinary
differences that could impact environment features and
students’ appraisals of control and value. We also did not
have sufficient sample size to look at patterns among stu-
dents from different backgrounds. Students from differ-
ent cultural background may be influenced differently by
the same features of the course environment. For exam-
ple, some studies have demonstrated that first-generation
students have stronger prosocial goals than continuing-
generation students (Stephens et al., 2014). This could
mean that relevance for helping others would have a
greater influence on them than their continuing-gener-
ation peers. A larger dataset could allow researchers to
begin to parse out such differences.

Beyond limitations of sample size, this study also only
focused on a few salient features of the classroom envi-
ronment and on only one of many possible measures
of engagement. Classrooms are a complex ecosystem
(Guerrettaz & Johnston, 2013; van Lier, 2011) where
many factors influence achievement behaviors and out-
comes. Additional studies could explore the influence of
additional measures of course features on control, value,
and activity emotions. In addition, previous studies using
Control-Value Theory have demonstrated that features
of the activities themselves can influence control, value,
and emotions (Chen & Lu, 2022; Dettmers et al., 2011).
Activity features like working in groups and explaining
reasoning behind answers are correlated with improved
exam performance (Moon et al., 2021), which could
be related to control and value. Exploring the interac-
tions between activity design, course environment, and
student course appraisals could be a powerful next step
for understanding student engagement, and ultimately
performance.

Finally, this work measured students’ perceptions of
the course environment, but did not clarify what spe-
cific elements of the course students were noticing to
come to those perceptions. Pairing this quantitative
investigation with interview studies could identify what
led students to perceive a course as exhibiting the envi-
ronment features we measured. For example, studies
on mastery goal structures have found that the design
of activities, rather than the instructor’s verbal empha-
sis on mastery, is more salient to students (Belenky
& Nokes-Malach, 2013). In addition, some work has
begun to explore how students develop their percep-
tions of instructor fairness (which should be related
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to control) and their emotions (Rasooli et al., 2019).
Expansion of this work into active learning classrooms
will help guide instructor practice to optimize student
engagement.

Conclusion

Student appraisals of control and value have an impor-
tant, positive impact on engagement in active learning
courses. These appraisals, in turn, are influenced by the
environment features. Importantly, these features of the
course environment are related to aspects of the course
over which instructors have purview. Goal structures that
focus on mastery, positive instructor—student relation-
ships, and emphasizing the relevance of the course for
helping others all have small to moderate influences on
engagement. A sense that the course is competitive, on
the other hand, has a small negative impact on engage-
ment. Because we found variation between instructors,
this study demonstrates that instructors have the ability
to influence students’ appraisals of control, value, and
activity emotions through modifying different features
of the active learning classroom. Ultimately, these class-
room environment features matter for student engage-
ment in course activities and could explain the variation
in efficacy of active learning in promoting student learn-
ing and retention.
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