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students’ willingness to participate in classroom activities and undercut their frequently
cited benefits (Broeckelman-Post et al, 2016; Cooper et al., 2017). To address this
concern, there is a need to better understand the nature and influences of students’
response to active learning. Understanding these relations can highlight where targeted
interventions can support students’ participation in order to maximise the benefits of
active learning (Cooper et al., 2017).

Researchers have often focused on the influence of active learning on students’ sense
of belongingness and on their self-efficacy (e.g. Ballen et al., 2017; Masika & Jones, 2016).
However, when the focus of the research shifts from the activities themselves to consid-
ering students’ response to these activities, a more complex model in which students’
beliefs influence their response to active learning may be explored. Qualitative studies
have demonstrated that students’ who do not feel they belong in the class (e.g. Cooper
& Brownell, 2016) or who lack self-efficacy for engaging in the academic tasks (e.g.
Cooper et al., 2017) may be less willing to engage in classroom activities. These
findings suggest that the students who may benefit the most may be the ones who are
least likely to engage in active learning. Building on Control-Value Theory (CVT;
Pekrun, 2006), we examine the influence of two key factors on students’ response to
active learning - their self-efficacy for learning (Pintrich et al,, 1993) and course belong-
ingness (Malone et al., 2012). Additionally, we examine the mediating role of students’
affective response on the relation between these underlying factors and their behavioural
responses. We present this theoretical model in Figure 1. Finally, we examine the degree
to which students’ gender-identity moderated these relations. This study is unique for

Figure 1. Tested Indirect Effect Model. B - belongingness, SE - self-efficacy for learning, ARV -
affective response value, ARP - affective response positivity, BREV — behavioural response evaluation,
BRP - behavioural response participation, BRD — behavioural response distraction. Manifest variables
and factor loadings omitted for clarity.
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examining the influence of the course-level factors of self-efficacy and belongingness on
students’ response to active learning, considering the moderating effect of students’
gender-identity, and examining these relations across multiple courses across STEM dis-
ciplines and with a variety of different activities. Understanding these relations is an
important step towards understanding how best to support students’ participation
active learning activities in their STEM course.

Student response to active learning

Significant effort has gone into supporting STEM faculty implement instructional tech-
niques other than lecture in their university classrooms (e.g. Borda et al,, 2020). We use
the term ‘active learning’ to describe these instructional techniques that require students
to actively construct rather than passively receive knowledge (Bonwell & Eison, 1991).
Prior meta-analysis using a similar definition has found that while it may include a
wide assortment of activities, ranging from embedding clicker questions to the use of
problem-based learning, overall these techniques outperform traditional lecture instruc-
tional approaches (Freeman et al., 2014). Despite evidence that active learning has a posi-
tive effect on students’ learning and persistence in STEM disciplines (e.g. Freeman et al.,
2014; Stains et al., 2018; Stanberry & Payne, 2018), instructors are concerned about stu-
dents’ response to what might be perceived as novel teaching practices (Dancy & Hen-
derson, 2012; Henderson & Dancy, 2007; Seidel & Tanner, 2013). Building on
frameworks for classroom engagement (e.g. Fredricks et al., 2004), productivity (e.g.
Chasteen, 2014), and resistance (e.g. Weimer, 2002), DeMonbrun et al. (2017) developed
the Student Response to Instructional Practice (StRIP) framework in order to provide a
nuanced understanding student response to active learning. This framework consists of
two key aspects; (1) affective and (2) behavioural responses.

Student affective response includes two factors; (1) their value for the activity and (2)
their feelings of positivity for the activity (DeMonbrun et al., 2017). Building on Fredricks
et al. (2004) model of engagement, value is theorised as an element of emotional engage-
ment corresponding with the degree to which students see the activity as worthwhile.
Additionally, students’ positive feelings such as their enjoyment about classroom activi-
ties has been found to be an important aspect of their response to active learning (Heaslip
et al,, 2014; Lumpkin et al., 2015). Inclusion of both value and emotions as motivators for
students to engage in active learning is consistent with CVT (Pekrun, 2006).

Students’ behavioural response includes three factors; (1) participation, (2) distrac-
tion, and (3) evaluation (DeMonbrun et al,, 2017). Participation refers to students’
active participation, or lack thereof, in learning activities. Distraction corresponds with
the degree to which students distract their classmates or themselves. Lastly, given the
importance of instructor evaluations as a tool for students to redress their dissatisfaction
with learning activities within the classroom, in addition to the importance of course
evaluations for promotion and tenure, the framework also considers students’ evaluation
of the course (DeMonbrun et al., 2017).

The StRIP framework and corresponding scales, including both students’ affective and
behavioural response to active learning, has been applied to a variety of contexts. Prior
research has used the StRIP frame work to compare students’ response to different
type of learning activities (e.g. Du et al., 2020; Stanciulescu et al., 2022). It has been
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used to evaluate students’ response to changes in instructional practice (e.g. Alkhoury
etal, 2021; Chen & Yang, 2022; Clark et al., 2018) and changes in the classroom environ-
ment (e.g. Bork et al., 2018). It has been used to evaluate the effect of active learning on
student persistence, particularly students from underrepresented groups (e.g. Kallemeyn
et al., 2021). Additionally, the StRIP framework has been used to help develop instruc-
tional practices to support student participation in active learning (e.g. Chasteen, 2017).

Control Value Theory (CVT; Pekrun, 2006) predicts that students’ value, emotion,
and behavioural responses are influenced by their self-efficacy. DeMonbrun et al.
(2017) have found evidence for this relation in the context of active learning in engineer-
ing courses. This research suggests that students’ affective response mediated the relation
between self-beliefs and behavioural response. Although there is evidence that students’
feelings of belongingness and inclusion can reduce their willingness to engage in active
learning (e.g. Kahu & Nelson, 2018) the connection between belongingness, affective, and
behavioural response to active learning is not frequently the focus of research.

Although both self-efficacy and belongingness are frequently listed as one of the posi-
tive outcomes of active learning (e.g. Ballen et al., 2017), it is possible that at the individ-
ual level, students who feel as if they do not belong are resisting engaging in the active
learning and may be the very students who teachers are trying to reach. In other
words, if belongingness and self-efficacy predict students’ response to active learning, tea-
chers may need direct support for students’ self-efficacy and belongingness in addition to
active learning. However, with the growing focus on the ways that students resist class-
room activities, we argue that we need to think about the implications of these beliefs for
students’ response to active learning.

Self-efficacy & response to active learning

Self-efficacy refers to an individual’s belief in their ability to execute the behaviours
required to complete a task (Bandura, 1977, 1997). Decades of research has demonstrated
the positive impact of self-efficacy on task participation (e.g. Pintrich, 2003; Schunk &
Pajares, 2002), meaningful academic outcomes such as performance (e.g. Sawtelle
et al, 2012; Skaalvik et al,, 2015), and persistence within STEM disciplines (e.g. Concan-
non & Barrow, 2009; Sawtelle et al., 2012). For this reason, numerous interventions have
been developed to support students’ self-efficacy in undergraduate STEM courses (e.g.
Cordero et al., 2010; Czocher et al., 2020; Rittmayer & Beier, 2009).

A substantial body of literature has established that course-level self-efficacy (e.g. Pin-
trich et al., 1993) can impact students’ participation in classroom activities (e.g. Doo &
Bonk, 2020; Ucar & Sungur, 2017). As a result, researchers have argued that response
to active learning may be related to students’ self-efficacy in that class (e.g. Ballen
et al, 2017; Hood et al,, 2021). However, this prior work examined students’ willingness
to participate in classroom activities and did not consider different aspects of this
response. Building on prior research (e.g. Finelli et al.,, 2018) and grounded in CVT
(Pekrun, 2006), we anticipate that students’ self-efficacy will positively predict both stu-
dents’ sense of value and positivity for the activities as well as their participation and
evaluation of the course, while negatively predicting distraction. Furthermore, we
predict their affective responses, particularly their sense of value, will partially mediate
the relation between students’ self-efficacy and their behavioural responses.
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Course belongingness & response to active learning

Baumeister and Leary (1995) posit that individuals must maintain a least a minimum
number of significant interpersonal relations in order to fulfill a basic need for a sense
of belongingness. Although there is a general need for a sense of belongingness,
context-dependent belongingness is also important (Block, 2018; Stepick & Stepick,
2009). In academic settings, school belongingness (e.g. Goodenow & Grady, 1993) can
play a significant role in important academic outcomes (Slaten et al,, 2016) and
student well-being (Arslan, 2021; Bernstein, 2016). A greater sense of belongingness
has been associated with increases in participation (e.g. Zumbrunn et al., 2014) and per-
formance (Anderman & Freeman, 2004).

Research on post-secondary students’ feelings of belongingness has long history (e.g.
Tinto, 1993, 2017). However, much of this work has primarily focused on students’ feel-
ings of belongingness at the institutional or disciplinary level. Recent research has begun
to explore the importance of course-specific belongingness, or the feeling a student has
about their social relationships within the course (e.g. Edwards et al., 2021; Won et al.,
2018; Wilson et al., 2015). Higher levels of course-level belonging have been related to
increases in student motivation and participation and associated with positive academic
outcomes such as performance (e.g. Cwik & Singh, 2022; Edwards et al., 2021). These
findings provide guidance for targeted interventions that instructors can implement in
order to support students’ participation, performance, and well-being (e.g. Wilton
et al,, 2019).

Studies of the impact of belongingness on learning in the classroom have focused on
performance or engagement (e.g. Edwards et al., 2021; Wilton et al, 2019; Won et al,,
2018), but less has been studied regarding the relation between course belongingness
and response to active learning. Although we know that students’ participation in the
classroom in general is related to feelings of belongingness (e.g. Andrews et al.,, 2021),
we do not have a clear picture of the relation between course belongingness in the
class and their affective and behavioural responses. Building on this prior research and
grounded in CVT (Pekrun, 2006), we anticipate that students’ sense of belongingness
will positively predict both their value and positivity for the activities and their partici-
pation and evaluation of the course, while negatively predicting their self-reported dis-
traction. Furthermore, we predict their affective responses, particularly their sense of
value, will partially mediate the relation between students’ beliefs and their behavioural
response to active learning.

Gendered differences in self-efficacy, belongingness, & participation

Gendered differences in STEM career participation post-graduation persist in many
fields (Charlesworth & Banaji, 2019; Cheryan et al., 2017). Although active learning prac-
tices may support learning for students from historically underrepresented groups (e.g.
Theobald et al., 2020), researchers have found it isn’t a magic bullet. For these students,
other classroom factors can create hurdles to participating in active learning (e.g. Aguil-
lon et al., 2020). Research has found that students’ self-efficacy and belongingness are key
factors that differ between female- and male-identifying students and may lead to differ-
ences in STEM participation (Wang & Degol, 2017).
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Despite narrowing of the gender gaps in STEM self-efficacy, female-identifying students
still often report feeling less efficacious in many STEM courses (e.g. Dubrovskiy et al.,
2022). Researchers have also found gender differences in students’ sense of belongingness
in STEM disciplines, departments, and courses (Leaper, 2015). These differences have been
shown to relate with differences in student participation (e.g. Sankar et al., 2015) and per-
sistence (e.g. Lewis et al., 2017) in STEM courses and careers. We may see differences in
self-efficacy and belongingness between female identifying and male identifying students.

Prior studies indicate that here may also exist gender differences in the relations
between self-efficacy, belongingness, and student participation (e.g. Lewis et al.,, 2017),
where sense of belongingness may have a greater influence for female-identifying stu-
dents than their male-identifying classmates.

The present study

In this study, we examined the relation between affective and behavioural response to
active learning (DeMonbrun et al, 2017), the influence of course belongingness
(Malone et al., 2012) and self-efficacy (Pintrich et al., 1993) on these responses, and
the moderating influence of gender-identity. It is novel in examining the influence of
both students’ self-efficacy and course belongingness on their response to active learning.
Understanding these relations may suggest where targeted interventions may be most
effective at increasing students’ participation in classroom activities. Specifically, we
answer the following research questions:

RQ1: Does students’ self-efficacy and sense of belonging predict their affective and behav-
ioral response to active learning? Building on previous research (e.g. Andrews et al,
2021), we hypothesize that both self-efficacy and belongingness will positively relate to posi-
tivity and value affective responses, positively relate to participation and evaluation, and
negatively relate to distraction.

RQ2: Does students’ affective responses mediate the relation between students’ self-efficacy
and belonging and their behavioral responses? Grounded in CVT (Pekrun, 2006) and build-
ing on prior research (e.g. Finelli et al.,, 2018), we predict that value will at least partially
mediate the relation between belongingness and self-efficacy on participation, distraction,
and evaluation, but that positivity may only partially mediate the relation between belong-
ingness and self-efficacy on evaluation.

RQ3: Are the relations between belongingness, self-efficacy, affective responses and behav-
ioral responses different for male- and female-identifying students? Building on previous
research (e.g. Lewis et al, 2017), we hypothesize that the relations between belonging,
affective, and behavioral response to active learning will be greater for female-identifying
students.

Methods
Participants

Students were recruited from STEM classes taught by 25 instructors at 14 colleges and
universities in the South Central and Pacific Northwest regions of the United States.
Instructors were recruited as part of a larger project examining student response to
active learning via an email sent from a contact within each department with approval
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from each institution. Institutions were selected for their proximity to the research insti-
tutions overseeing this study. Courses were in a variety of STEM disciplines, including
science (e.g. biology, chemistry), engineering (e.g. statics, mechanical engineering), com-
puter science, and math (e.g. calculus, non-linear algebra). We present demographic and
discipline information for instructors in Table 1. Student participants (n=579) were
recruited from classes taught by instructors in these disciplines and ranged from 5 to
70 students in each class. We present demographic information for students in Table 2.

Procedures

Following research procedures approved by the Internal Review Boards at the insti-
tutions overseeing this research project, instructors were asked to distribute anonymous
online surveys to students immediately following a class period in which they indicated
they had used active learning. Surveys included all required elements of informed
consent consistent with the revised common rule (Protection of Human Subjects,
2005). Each instructor was provided a unique link in order to track the course from
which students responded. Students completed the survey via an online survey platform
(i.e. Qualtrics). Additionally, instructors completed a brief survey in which they
described the active learning activities used during the class period. Faculty reported
engaging students in activities ranging from the use of iclickers during class to asking stu-
dents to complete problem sets in groups. All learning activities were coded indepen-
dently by two members of the research team using the Interactive-Constructive-
Active-Passive (ICAP) framework (Chi & Wylie, 2014) and found to be at least active
with a high level (95.7%) of agreement, KAlpha,ominal = .89.

Measures

Measures included self-efficacy for learning (MSLQ; Pintrich et al., 1993), classroom
belongingness (Malone et al., 2012) and affective and behavioural response to active
learning (StRIP; DeMonbrun et al., 2017). All subscales from the StRIP questionnaire
prompted participants to reflect on the class activities they were asked to engage in
during a specific class period where the instructor provided additional information
about the active learning activities students were asked to participate in class. Addition-
ally, students self-reported their gender identity. We present descriptive statistics and
correlations between measures for all students in and by students’ gender identity in
the supplemental materials.

Belongingness. Course belongingness was measured using six items adapted from the
General Belongingness Scale (GBS; Malone et al., 2012). Items were adapted to ground

Table 1. Instructors demographic information.

Race/Ethnicity Identity Discipline
Gender Identity ~ White Non-Hispanic ~ Hispanic  Asian  Science Technology Engineering Math  Total
Male 5 1 2 3 1 4 0 8
Female 1 1 5 10 0 3 4 17
Total 16 2 7 13 1 7 4 25

Notes: Demographic data collected using open-ended responses.
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Table 2. Student demographic information.
Race/Ethnicity Identity

African/

African
Gender White/ American/ Latink/  Mixed Race/  Padific
Identity Caucasian Black Asian  Hispanic  Multiracial  Islander Other Missing Total
Female 81 20 43 42 8 0 3 3 200
Male 136 14 37 39 13 2 8 4 253
Gender Non- 2 1 0 0 0 0 1 0 4

conforming

Unsure 1 0 1 0 0 0 0 2 4
Other 0 0 0 0 0 0 1 1 2
Missing 1 1 2 0 0 0 2 110 116
Total m 36 83 81 21 2 15 120 579

Notes: Demographic data collected using open-ended responses.

belongingness within the specific context of the classroom. The revised scale included
three positively-worded items (e.g. ‘I have a belongingness in this class.”) and three
reverse-coded negatively-worded items (e.g. ‘I feel like an outsider in this class’)
measured on a 7-point Likert-type scale with values ranging from 1 (not at all true of
me) to 7 (very true of me). Internal consistency for the six belongingness items was excel-
lent; a = .88.

Self-efficacy. Self-efficacy was measured using eight items from the Motivated Strat-
egies for Learning Questionnaire (MSLQ; Pintrich et al., 1993). The MSLQ examines stu-
dents’ efficacy for learning, grounded in a specific class. The scale asks students to
evaluate their performance expectations and their ability to master relevant course
tasks (e.g. ‘Tm certain I can master the skills being taught in this class.”). The eight
items of the scale were measured on a 7-point Likert-type scale with values ranging
from 1 (not at all true of me) to 7 (very true of me). Internal consistency was excellent
for self-efficacy; a =.90.

Positivity. Positivity for the active learning activities used in the specific class period
was measured using three items from the StRIP instrument (DeMonbrun et al.,, 2017).
These items ask students to evaluate the degree to which they felt positively towards
the activities (e.g. ‘I enjoyed the activities’) and were measured on a 7-point Likert-
type scale with values ranging from 1 (strongly disagree) to 7 (strongly agree). Internal
consistency for our positivity measure was acceptable, a = .83.

Value. Value for the active learning activities used in the specific class period was
measured using three items from the StRIP instrument (DeMonbrun et al., 2017).
These items ask students to evaluate the degree to which they found the activities to
be of value (e.g. ‘I saw the value of today’s activities’) and were measured on a 7-point
Likert-type scale with values ranging from 1 (strongly disagree) to 7 (strongly agree).
Internal consistency for our value measure was high, a =.92.

Participation. Participation in the active learning activities used in the specific class
period was measured using four items from the StRIP instrument (DeMonbrun et al.,
2017). These items ask students to self-report the degree to which they actively participated
in class activities (e.g. T participated actively in the activities’) and were measured on a
7-point Likert-type scale with values ranging from 1 (strongly disagree) to 7 (strongly
agree) Internal consistency for our participation measure was acceptable, a =.79.
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Distraction. Distraction during the active learning activities used in a specific class
period was measured using four items from the StRIP instrument (DeMonbrun et al.,
2017). These items ask students to self-report the degree to which they were distracted
or distracted their classmates (e.g. ‘I distracted my peers during the activities’) and
were measured on a 7-point Likert-type scale with values ranging from 1 (strongly dis-
agree) to 7 (strongly agree). Internal consistency for our distraction measure was accep-
table, a = .81.

Evaluation. Anticipated evaluation of the course was measured using three items from
the StRIP instrument (DeMonbrun et al., 2017). These items ask students to report how
they will overall evaluate the course (e.g. ‘Overall, this is an excellent course’) and were
measured on a 7-point Likert-type scale with values ranging from 1 (strongly disagree) to
7 (strongly agree). Internal consistency for our evaluation measure was high, a =.95.

Gender Identity. Student self-reported demographic information, including their
gender-identity, were captured using open-ended response prompts. Given their small
n (< 2%), students who identified as ‘Gender Non-conforming’, ‘Unsure’, or ‘Other’
were excluded from the present analysis due to methodological limitations.

Analyses

All research questions were answered with latent indirect-effects structural equation
models (SEM, Kline, 2015) using the lavaan package (Rosseel, 2012) in R open-source
software (R Core Team, 2017). To answer our first research question, we fit a path
model in which the relations between students’ affective and behavioural responses
and their self-efficacy and belongingness. Given the focus of the present study on the
relation between students’ sense of belonging and self-efficacy on students’ response to
active learning and not testing the relations between sense of belong and self-efficacy,
we selected to all these two exogenous factors to covary, consistent with prior research
(e.g. Lewis et al., 2017; Matthews et al., 2014). Additionally, given the lack of theorised
direction (DeMonbrun et al, 2017), we allowed residual variance between the two
affective factors (value and positivity) and three behavioural factors (participation, dis-
traction, and evaluation) to covary, allowing for the possibility of additional exogenous
common-cause factors outside the scope of the present study to influence shared residual
variance in these factors. We present a diagram of this model in Figure 1. To answer our
second research question, we used bootstrap standard errors (Bollen & Stine, 1990;
Shrout & Bolger, 2002) to evaluate the indirect effect of students’ affective response on
the relation between their self-efficacy and belongingness on their behavioural response.
To answer our third research question, we established measurement invariance in the
structural model before constraining parameters of interest (i.e. regression and covari-
ance of latent variables) to be invariant to test the moderating role of students’
gender-identity (Putnick & Bornstein, 2016).

Results

To answer our first two research questions, we fit a latent variable indirect-effect SEM
using bootstrap standard errors. This model achieved adequate fit (Hu & Bentler,
1999); y2(df) = 882.93(411), p<.01; CFI=.94; RMSEA [90% CI]=.06 [.05, .06]. We
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present unstandardised parameter estimates for this model in Table 3 and the path
diagram with standardised parameter estimates in Figure 2. For this model, we found
a strong correlation between belongingness and self-efficacy, r = .38 p <.01. Belonging-
ness predicted both measures of affective response; positivity f=.37, p <.01 and value

Table 3. Unstandardised parameter estimates for baseline and best-fitting model.

Best Fitting Model
Parameter Estimate (SE) Baseline Model Female Male
Regressions
Belonging — Positivity 042** (0.09) 0.37* (0.10)
Belonging — Value 0.44** (0.09) 0.40** (0.10)
Belonging — Participation 035** (0.11) 0.32* (0.11)
Belonging — Distraction -0.25 (0.17) —0.18 (0.16)
Belonging — Evaluation —0.05 (0.08) —0.03 (0.08)
Self-efficacy — Positivity 0.38** (0.08) 0.39** (0.08)
Self-efficacy — Value 0.21* (0.08) 0.21** (0.08)
Self-efficacy — Participation —0.03 (0.06) —0.03 (0.07)
Self-efficacy — Distraction —0.02 (0.08) —0.04 (0.09)
Self-efficacy — Evaluation 0.10 (0.07) 0.12 (0.13)
Positivity — Participation 0.11 {0a7) 0.21 (0.21)
Positivity — Distraction 0.14 (0.18) 0.01 (0.19)
Positivity — Evaluation 0.82** (0.21) 0.68 (0.57)
Value — Participation 0.15 (0.15) 0.05 (0.16)
Value — Distraction —0.31 (0.19) -0.15 (0.17)
Value — Evaluation 0.12 (0.19) 0.24 (0.49)
Indirect Effects
Belonging — Positivity — Participation 0.04 (0.07) 0.08 (0.08)
Belonging — Positivity — Distraction 0.06 (0.08) <0.01 (0.07)
Belonging — Positivity — Evaluation 0.34** (0.11) 0.25 (0.24)
Belonging — Value — Participation 0.07 (0.06) 0.02 (0.07)
Belonging — Value — Distraction —0.14 (0.09) -0.06 (0.07)
Belonging — Value — Evaluation 0.05 (0.09) 0.10 (0.23)
Self-efficacy — Positivity — Participation 0.04 (0.07) 0.08 (0.08)
Self-efficacy — Positivity — Distraction 0.05 (0.08) <0.01 (0.08)
Self-efficacy — Positivity — Evaluation 031* (0.12) 0.26 (0.19)
Self-efficacy — Value — Participation 0.03 (0.04) 0.01 (0.03)
Self-efficacy — Value — Distraction —0.06 (0.05) —0.03 (0.04)
Self-efficacy — Value — Evaluation 0.03 (0.05) 0.05 (0.08)
Total Effect
Belonging — ... — Participation 0.46** (0.11) 0.42** (0.12)
Belonging — ... — Distraction —0.33** (0.17) —0.24 (0.15)
Belonging — ... — Evaluation 0.34** (0.10) 0.32** (0.10)
Self-efficacy — ... — Participation 0.04 (0.07) 0.07 (0.07)
Self-efficacy — ... — Distraction —0.03 (0.08) —0.07 (0.08)
Self-efficacy — ... — Evaluation 0.43** (0.10) 0.43** (0.10)
Covariances
Belonging < Self-efficacy 037** (0.09) 0.38* (0.09)
Positivity < Value 0.74** (0.11) 0.73** (0.12)
Participation « Distraction —0.51** (0.08) —0.46** (0.07)
Participation + Evaluation —0.03 (0.05) —0.02 (0.05)
Distraction « Evaluation 0.02 (0.06) 0.03 (0.05)
Means
Belonging - 0 —0.11 (0.08)
Self-efficacy - 0 0.01 (0.10)
Value - 0 —0.25** (0.09)
Positivity - 0 —0.38** (0.09)
Participation - 0 -0.14" (0.08)
Distraction - 0 0.26* (0.12)
Evaluation - 0 —0.09 (0.13)

Notes: * p <.05 ** p < .01. Indirect and total effect significance test conducted using bootstrap standard errors (Bollen &

Stine, 1990).
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ARV

Figure 2. Structural model results for best fitting indirect effect analysis moderated by gender identity
with standardised parameter estimates. B — belongingness, SE - self-efficacy for learning, ARV -
affective response value, ARP - affective response positivity, BREV — behavioural response evaluation,
BRP - behavioural response participation, BRD - behavioural response distraction. Non-significant par-
ameter estimates, manifest variables, and factor loadings omitted for darity. Variation in standardised
parameter estimates constrained to be invariant across groups due to group differences in parameter
variance.

B = .40, p < .01. Additionally, belongingness also predicted participation, = .44, p <.01.
However, belongingness did not directly predict either distraction, = —.22, p=.13, or
evaluation, § = —.04, p = .49. Self-efficacy predicted both measures of affective response,
positivity f = .33, p <.01 and value 8 = .18, p < .05. However, we did not observe a relation
between self-efficacy and participation, = —.04, p =.59, distraction, = —.02, p = .80, or
evaluation, f=.08, p=.17. Value was related to positivity, r=.83, p <.01, but did not
relate to any of the three measures of behavioural response; participation §=.20, p
= .31, distraction = —.29, p=.10, or evaluation, =10, p =.53. Positivity was related
to evaluation, f=.72, p <.01 but was unrelated to either participation, f=.15, p =.54,
or distraction, f=.13, p=.46. Participation correlated with distraction, r=-.77 p
<.01, but was unrelated to with evaluation, r= —.07 p =.52. Distraction did not correlate
with their evaluation, r =.02, p =.75.

To answer our second research questions, we examined the indirect effects of belong-
ingness and self-efficacy on behavioural response to active learning through affective
response. We found that the relation between belongingness and evaluation was
mediated by positivity, =.27, p<.01. We also found that the relation between self-
efficacy and evaluation was similarly mediated by positivity, = .23, p <.05. When exam-
ining the totality of influence of belongingness and self-efficacy on behavioural responses,
we found that the total effect of belongingness on all three factors was significant;
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participation 8= .58, p < .01, distraction = —.29, p <.01, and evaluation 8 = .26, p <.01.
However, we found that only the total effect of self-efficacy on evaluation was significant,
B=.33,p<.0l

To answer our third research question, we fit separate models for female- and male-
identifying students and systematically constrained parameters to be invariant across
groups. We present fit statistics for our measurement invariance testing in Table 4.
We were able to establish weak invariance for our model after constraining factor load-
ings to be invariant for male- and female-identifying students, but were unable to estab-
lish strict invariance by constraining the latent variable means to be invariant across both
groups. However, we did not find significant differences in the latent variable covariances
or regression parameters when compared to the strong invariant model. Therefore, we
present the strong invariant model with the latent variable covariance and regression par-
ameters constrained to be invariant as our best fitting model. We present unstandardised
parameter estimates for this model in Table 4 and a path diagram with standardised par-
ameter estimates in Figure 3.

For our best fitting model, we found that male-identifying students were 0.35 sd below
female-identifying students in positivity and 0.22 sd below female-identifying students in
value. Additionally, male-identifying students were .22 sd higher than female-identifying
students in distraction. No differences were observed between male- and female-identi-
fying students’ self-efficacy, belongingness, participation, or evaluation. Similar to our
initial model, for both female- and male-identifying belongingness and self-efficacy
each independently predicted both positivity and value; female belongingness on positiv-
ity B =.34, p <.01, belongingness on value 8 = .41, p <.01, self-efficacy on positivity
=.33, p<.01, positivity on value f=.20, p <.01, male belongingness on positivity
=.34, p <.01, belongingness on value 8 =.36, p < .01, self-efficacy on positivity f§ = .36,
p <.01, self-efficacy on value  =.19, p <.01. Belongingness also predicted participation,
female = .42, p <.01 and male 8 = .43, p < .01, The total effect of belongingness on both
participation, female 8 =.55, p <.01 male f=.56, p < .01, and evaluation, female f = .26,
p <.05 male =25, p<.01, were significant, as was the total effect of self-efficacy on
evaluation, female 8 =.34, p <.01 male f=.33, p<.0L

Discussion

In this study, we examined the relation between students’ belongingness (Malone et al.,
2012) and self-efficacy (Pintrich et al., 1993) on their affective and behavioural response

Table 4. Model fit indices and model comparison for multiple group analysis by gender.

Model X (dA Ay (Adh CFl ACFI BIC ABIC
Baseline 1564.73** (822) 90 38,278.51

Weak Invariance 1579.85** (846) 15.12 (24) 90 <01 38,183.25 —95.26
Strong Invariance 1616.71** (868) 36.86* (22) 90 <01 38,090.35 —92.90
Strict Invariance® 1642.21** (877) 25.50%* (9) 90 <01 38,060.67 —2968
LV Covariance 1616.70** (873) —0.01 (5) 90 <01 38,065.99 —2436
Regression 1639.59** (889) 22.89 (16) 90 <01 38,005.76 —60.23

Notes: * p < .05 ** p < .01. CFl — comparative fit index. BIC - Bayesian Information Criterion. *model significantly worse
than comparison, constraints not retained in subsequent model (LV Covariance model comparison to Strong Invariance
model). Non-robust fit statistics reported in order to compare nested models.
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Figure 3. Structural model for indirect effect for all students with standardised parameter estimates. B
- belongingness, SE - self-efficacy for learning, ARV - affective response value, ARP - affective
response positivity, BREV — behavioural response evaluation, BRP - behavioural response partici-
pation, BRD — behavioural response distraction. Non-significant parameter estimates, manifest vari-
ables, and factor loadings omitted for clarity.

to active learning (DeMonbrun et al,, 2017), the mediating role of their affective response,
and the moderating influence of students’ gender-identity.

In answering our first research question, we found evidence to partially support our
hypotheses. We found that students’ sense of belongingness did predict their value, posi-
tivity, and behavioural response towards active learning. These findings indicate that
classroom structures which allow students to feel accepted and connected may support
students’ response to active learning. Although self-efficacy also predicted students’
value and positivity, we found that it did not directly relate to students’ behavioural
response. This finding suggests that students’ sense of belongingness may have a
greater direct impact on their behaviour in the classroom. As a result, classroom practice
may wish to focus on supporting both students’ belongingness and self-efficacy. Answer-
ing our second research question, we found evidence to partially support our hypothesis
that students’ affective response would mediate the relation between students’ belonging-
ness and self-efficacy and their behavioural response. As we predicted and congruent
with CVT (Pekrun, 2006), students’ self-efficacy and belongingness predicted students’
affective response. However, despite previous research suggesting students’ valuing of
the active learning activity relates to participation (e.g. Garn et al., 2017), we found
that value only predicted students’ evaluation of the course. We did observe that students’
affective response did mediate the relation between their sense of belongingness and their
self-reported participation in the activities. However, students’ affective response, par-
ticularly positivity, more strongly predicted students’ behavioural response than value.
These results differ from the observed correlations of the mean scores presented in the
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supplemental material for several reasons. Factors that contributed to these differences
include the use of item-level rather than scale-level correlations in our model,
meaning the latent variables accounted for the different strength of relations between
manifest variables measuring the same construct, leading to different relations between
factors. Additionally, we handled missing data in the model using maximum likelihood
estimation, unlike the correlation of the scale scores which used pairwise deletion.
Finally, the differences in overlapping variance between self-efficacy, belonging, value,
positivity, and our outcome variables attenuated the estimated strength of the par-
ameters. These findings would suggest that whether or not students find an activity
enjoyable may be more important than if they find it useful.

In answering our third research question, we found little evidence to support our
hypothesis that relations between belongingness, self-efficacy, and students’ affective
and behavioural response to active learning would be different for female-identifying stu-
dents. In fact, we found that the only statistically significant differences between male-
and female-identifying students was that male-identifying students were lower in their
sense of positivity and value regarding the activities in class and higher in distraction
than their female-identifying classmates. This finding echoes other research which has
suggested that, at least in some STEM disciplines, the ‘confidence gap’ and ‘belongingness
gap’ may be closing (e.g. Britner & Pajares, 2006; Chen & Zimmerman, 2007; Kay &
Knaack, 2008; Rittmayer & Beier, 2009). Findings also reiterate that belongingness and
self-efficacy are important factors for all students.

There were several limitations to our study. First, we did not model the hierarchical
structure of our data (i.e. students nested within classes). We selected not to as our
top-most n would have been small for the complexity of the analysis. Future research
with a large sample size should examine the influence of these nested data structures.
Second, in this study, we only looked at differences between male- and female-identifying
students. We understand that gender is not dichotomous, but a spectrum (e.g. Monro,
2005). Unfortunately, we did not have a sufficient sample size to examine if and how
the relation between these factors differ for students who did not identify as either
male or female. Future research with large sample size or different research methodology
should examine the experience of these students to ensure equitable access to STEM
career opportunities. Finally, we did not examine the moderating influence of students’
race and ethnicity or the influence of intersecting identities. Future research with a more
diverse sample should examine if and how these patterns of relations change across
different identities.

Implication for research

These findings have significant implications for research. We found that students’
affective response did not mediate the relation between students’ self-beliefs and their
behavioural response to active learning activities. As a result, there is a need for
additional research examining other factors that might predict how and why students
behave in class. Understanding these factors would allow instructors to adopt targeted
interventions that would best support students’ participation in class. We also found
that students’ sense of belongingness was a better predictor of their behavioural response

than their self-efficacy. This finding is somewhat novel as often self-efficacy is one of the
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most influential factors predicting student participation, performance, and persistence in
STEM disciplines (e.g. Wang & Degol, 2017). Future research should confirm these
findings and further explore the importance of students’ belongingness as a key factor pre-
dicting academic experiences. Finally, we did not find a gendered difference in the pattern
of relation between students’ affective and behavioural response to active learning and their
self-efficacy and belonging. Given the uneven findings regarding if and when gender is
salient in STEM courses, future research is needed to understand the course-level factors
which predict differences in male- and female-identifying students’ experiences.

Implication for practice

In addition to implications for research, our findings also have implications for practice.
In this study, we found that belongingness was a better predictor of students’ behavioural
response to active learning than their self-efficacy. Instructors can support students’
course belongingness through deliberate evidence-based inclusive teaching practices
which foster a supportive classroom climate focused on collaboration (e.g. Brame,
2019; Theobald et al., 2020; Walton & Cohen, 2011). These practices include incorporat-
ing increased structure (Eddy & Hogan, 2014; Wilton et al., 2019), guided peer-led team-
based learning (Wamser, 2006), encouraging casual student-instructor interactions
(Ballen et al., 2017), and promoting in-class near-peer student-student interactions
(Stanich et al., 2018). Growing evidence indicates that targeting psychological and
emotional supports for students through social-belonging interventions such as group
writing activities, affirmation exercises, role-modelling interventions, and structured
group discussions increase students’ sense of belongingness in class (Jordt et al., 2017;
Miyake et al., 2010; Theobald et al., 2020; Walton et al.,, 2015). Future research should
continue to develop interventions like these aimed at developing relationships and class-
room community and examine their effectiveness, particularly to increase student par-
ticipation in high-impact instructional practices such as active learning.

Conclusion

We found that both students’ sense of belonging and self-efficacy predicted their affective
and behavioural response to active learning. In particular, we found that belonging pre-
dicted students’ value, positivity, participation, distraction, and evaluation while self-
efficacy predicted students’ value, positivity, and evaluation. This suggests that while
both student characteristics are important influences on their response to active learning,
students’ sense of belonging may be a better predictor of their behavioural response.
Unlike previously theorised (e.g. DeMonbrun et al, 2017; Finelli et al., 2018) we did
not find that students’ affective response to active learning mediated the relation
between belonging or self-efficacy and students’ behavioural response to active learning.
We also did not find differences in these patterns of relations between male- and female-
identifying students. The results suggest that interventions that support students’ sense of
belonging or self-efficacy in STEM classes may be effective at supporting students’ posi-
tive response to active learning for both male and female identifying students, and that
interventions that support students’ sense of belonging may be particularly effective for
increasing students’ participation in classroom activities.
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