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ABSTRACT

Although active learning improves student outcomes in science, technology, engineer-

ing, and mathematics (STEM) programs, it may provoke anxiety in some students. We ex-

amined whether two psychological variables, social anxiety (psychological distress relat-

ing to the fear of negative evaluation by others) and academic self-efficacy (confidence

in one’s ability to overcome academic challenges), interact with student perceptions of

evidence-based instructional practices (EBIPs) and associate with their final grades in a

STEM-related course. Human anatomy and physiology students in community college

courses rated various EBIPs for their perceived educational value and their capacity to

elicit anxiety (N = 227). In general, practices causing students the most anxiety (e.g., cold

calling) were reported by students as having the least educational value. When controlling

for students’ self-reported grade point averages, socially anxious students rated several

EBIPs as more anxiety inducing, whereas high-efficacy students reported less anxiety sur-

rounding other EBIPs. Furthermore, mediation analysis revealed that individual differences

in academic self-efficacy at the beginning of the term explained some of the negative as-

sociation between students’ social anxiety levels and final grades in the course. Our results,

obtained in a community college context, support a growing body of evidence that social Kimberly Tanner, Monitoring Editor
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reactions to a change in teaching technique (and the conse-
quent impact on instructor evaluations) has been identified as a
source of instructors’ hesitation in adopting active learning
(Yadav et al., 2011).

Student apprehension concerning active learning may be
due in part to particular EBIPs causing anxiety (England et al.,
2017; Cooper et al., 2018; Cohen et al., 2019; Downing et al.,
2020). Student ratings suggest that EBIPs vary in the degree to
which they trigger anxiety, and this variability may be attribut-
able in part to the opportunity for social evaluation involved in
the instructional practice. For instance, cold calling (selecting a
student to answer a question rather than asking for volunteers)
has been shown to be particularly anxiety provoking, whereas
answering clicker questions is less so (England et al., 2017).
Thematic analysis of interviews with university students and
community college students suggests that anxiety in response
to certain EBIPs is linked to the risk of being judged unfavorably
by others in the classroom (e.g., fear of a negative perception
for not knowing the answer or a fear of public speaking; Bro-
eckelman-Post et al., 2016; Cooper et al., 2018; Downing et al.,
2020). Importantly, this socially oriented anxiety linked to fear
of negative judgment may negatively affect student engage-
ment with EBIPs: for example, some students report refraining
from answering questions or sharing ideas in group-work set-
tings due to social evaluation concerns (Eddy et al., 2015; Coo-
per et al., 2018). Anxiety may also increase the likelihood that
students avoid active-learning classrooms on non-exam days
(Broeckelman-Post et al., 2016).

Students’ emotional responses are important to consider in
the use of EBIPs, given that anxiety can impair learning and
academic performance (as reviewed in El Baze et al., 2018).
Anxiety affects all stages of the learning—testing cycle (planning
and executing learning tasks, completing evaluations, and
reflecting on performance; Cassady, 2004; Bryant et al., 2013).
It can hinder the use of deep-level cognitive skills such as criti-
cal thinking and synthesis and impair students’ abilities to artic-
ulate their questions and ideas about course material (Downing
et al., 2020). Highly anxious students experience more discom-
fort in the classroom (Cohen et al., 2019), tend toward having
lower grades and Scholastic Aptitude Test scores (Hembree,
1988), and are more likely to drop out of a STEM program
(Cassady and Johnson, 2002; England et al., 2019). The nega-
tive relation between academic performance and anxiety has
been well documented for specific subtypes of anxiety, such as
generalized anxiety disorder (de Lijster et al., 2018), evaluation
or test anxiety (Richardson et al., 2012), and subject-specific
anxiety (e.g., math; Beilock and Maloney, 2015), and some
recent evidence also shows a similar relationship with social
anxiety (Brook and Willoughby, 2015; Scanlon et al., 2020).
Several features of STEM classrooms themselves have also been
identified as anxiogenic for students, including large class sizes
(McKinney et al., 1983); a heightened atmosphere of competi-
tion among students; instructors who appear to students to be
unapproachable or unsupportive (Daempfle, 2003); and a lack
of representation of visible minorities and women in educa-
tional leadership (Mallow, 2006; Johnson, 2007). Together,
these findings suggest that students’ emotional states within the
complex social context of the classroom can influence how
effective active-learning practices are in supporting student
learning.
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Other psychological attributes likely play important roles in
how and why EBIPs work and for whom these pedagogies are
effective. Academic self-efficacy, or confidence in one’s ability to
overcome academic challenges, has been identified as one such
important attribute (Artino, 2012). Academic self-efficacy is
positively associated with persistence in the face of challenging
material; self-perception of academic performance; and actual
indicators of performance, including grades (Honicke and
Broadbent, 2016). Academic self-efficacy correlates negatively
with anxiety levels in university students (Raufelder and
Ringeisen, 2016), and some findings suggest that heightened
concern for evaluation by others might undermine academic
self-efficacy by provoking students to doubt their intellectual
abilities (Cooper et al., 2018; Downing et al., 2020). EBIPs are
thought to promote academic self-efficacy by creating opportu-
nities for students to apply their skills and overcome meaning-
ful, challenging problems (often referred to as “mastery experi-
ences”; Bong and Skaalvik, 2003; Usher and Pajares, 2009).
Importantly, the benefits of these practices for narrowing the
achievement gap between majority and underrepresented com-
munities in STEM may depend, at least in part, on students
from underrepresented communities increasing their academic
self-efficacy (Ballen et al., 2017).

The degree to which students perceive EBIPs as anxiety pro-
voking may be attributable in some part to an interaction of
psychological attributes such as self-efficacy with the demands
of particular instructional strategies in the classroom. For exam-
ple, student comments suggest that lack of confidence in their
ability to meet a classroom challenge contributes to apprehen-
sion about some EBIPs (e.g., “Do I have the right answer if the
instructor cold calls me?”; England et al., 2017; Cooper et al.,
2018; Cohen et al., 2019). Similarly, semistructured interviews
with students indicate that those who express a stronger sense
of self-efficacy with regard to active-learning activities are also
those who report feeling more comfortable participating more
intensively in these activities (e.g., volunteering ideas, contrib-
uting to discussions of problems; Cooper et al., 2017).

In the present study, we assessed students’ reported experi-
ences of anxiety in response to various instructional practices
and their ratings of how much each practice contributes to their
learning. We also examined whether these perceptions were
related to social anxiety levels and academic self-efficacy. Partic-
ipants were students enrolled in human anatomy and physiol-
ogy courses at 2-year community colleges. Two-year commu-
nity college student populations are typically more diverse in
both demographic and socioeconomic backgrounds compared
with 4-year postsecondary institutions. For example, compared
with classrooms in 4-year institutions, community college class-
rooms have, on average, a larger proportion of students who
are of color, older than their early 20s, working outside school,
and the first in their families to pursue postsecondary education
(Radwin et al., 2018). Importantly, some evidence indicates
that rates of student attrition from health sciences programs are
higher in community colleges than 4-year institutions (Chen
and Soldner, 2013). As such, the reported value of EBIPs for
enhancing equity in the classroom and improving student reten-
tion could be particularly significant in the 2-year community
college context (Ma and Baum, 2016).

In the present study, participants’ instructors introduced
EBIPs during one semester. We administered surveys at the start
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TABLE 1. Sample characteristics (N = 227)

ACTIVE LEARNING, ANXIETY, SELF-EFFICACY

Identified gender Male % (n) 19.8% (45)
Female % (n) 77.1% (175)
Prefer not to answer % (1) 0.4% (1)
Missing % (1) 2.6% (6)

Ethnicity White % (n) 61.2% (139)
Black % (n) 3.5% (8)
Native or Alaskan Native % (n) 1.3% (3)
Asian % (n) 9.3% (21)
Native Hawaiian/Pacific Islander % (n) 1.3% (3)
Other % (n) 19.8% (45)
Prefer not to answer % (n) 0.9% (2)
Missing % (1) 2.6% (6)

Yes % (n)
No % (n)
Unsure % (n)

First-generation status

Prefer not to answer % (n)
Missing % (n)

33.5% (76)
46.7% (106)
1.8% (4)
0.4% (1)
17.6% (40)

and end of the semester to assess students’ levels of social anx-
iety and academic self-efficacy and then examined the relation
of these psychological variables to students’ perceptions of
instructional practices and to their performances in a course.
Specifically, we addressed the following questions: 1) How do
students rate various instructional practices for the amount of
anxiety each causes them and the degree to which each contrib-
utes to student learning? 2) When controlling for academic
ability, do levels of social anxiety and academic self-efficacy pre-
dict students’ ratings of instructional practices for how much
anxiety each practice provokes? 3) When controlling for aca-
demic ability, do levels of social anxiety and academic self-effi-
cacy predict students’ ratings of instructional practices for how
much each practice is perceived to contribute to student learn-
ing? 4) When controlling for academic ability, do students’ lev-
els of social anxiety and academic self-efficacy predict students’
anticipated and actual academic performance in a course?

METHODS
Participants
An initial sample of 330 student participants was drawn from
five different classes of human anatomy and physiology taught
at three separate community colleges. Each of the five classes
was taught by a different instructor. These colleges are located
in western and midwestern states, and student populations are
majority white in ethnicity (60-70%) (data retrieved from “Col-
lege Insight: College Spotlight,” Institute for College Access and
Success, 2017-2018). Class size ranged from 29 to 90 students.
Of this initial sample, 227 students completed ratings of the
majority of the 12 teaching practices analyzed in the present
study. The demographic makeup of this sample of 227 students
is summarized in Table 1. Briefly, 77% of participants identified
as female and 61% of the sample identified as being of white
ethnicity. Students identifying as first in their families to pursue
postsecondary education (first-generation students) consti-
tuted 34% of the sample. The demographic composition per
class is presented in Supplemental Table 1.

Participants were recruited through the classrooms of five
community college instructors (N.B., N.D., M.E, S.M., and H.R.)
who were themselves participants in a larger study examining
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the adoption of active learning at the community college level
(National Science Foundation Community College Anatomy
and Physiology Education Research [CAPER] Award Abstract
No. 1829157; https://nsf.gov/awardsearch/showAward? AWD
_ID=1829157&HistoricalAwards=false). The objectives of this
larger, ongoing study include introducing community college
N.B,, N.D., M.E, S.M., and H.R. to discipline-based educational
research and evaluating the impact of EBIP adoption on percep-
tions, attitudes, and classrooms behaviors of both students and
N.B., N.D., M.E, S.M., and H.R. For N.B., N.D., M.E, S.M., and
H.R. this was the first time that they had adopted EBIPs with a
formal, conscious intent to increase active learning in their
classrooms and measure EBIP impact on students. N.B., N.D.,
M.E, S.M., and H.R. completed a 1-credit graduate-level course
in educational research in the semester just before their adop-
tion of EBIPs in their classrooms. Among topics reviewed in this
graduate course, several EBIPs were highlighted for their impact
in supporting student learning and their ease of implementa-
tion in the classroom, such as personal response systems, alone
or in pairs; in-class quiz alone; and in-class quiz in a group.
Throughout their participation in this larger study, N.B., N.D.,
M.E, S.M., and H.R. had virtual meetings with each other and
the study’s primary investigators to discuss their experiences.

To recruit student participants, N.B., N.D., M.E, S.M., and
H.R. made an announcement in their respective classrooms at the
beginning of the semester about the study, and students received
a link by email to the online survey (Qualtrics). Participation was
voluntary. An incentive of a small number of bonus points was
offered to participants; however, students were also offered an
alternative activity to receive the same amount of bonus points if
they did not want to participate in the study. The Salt Lake Com-
munity College Institutional Review Board granted approval to
M.E (IRB# 00009566; FWA00021259) and toN.B (IRBO0009566;
FWA00021259). The Dona Ana Community College Institutional
Review Board granted approval to H.R (IRB #17565). The Chair
of the Anoka-Ramsey Community College Institutional Review
Board deemed the research conducted by N.D and S.M. to be
routine and, therefore, exempt from IRB review.

Each of the instructors implemented two to three EBIPs in
their classrooms. Table 2 summarizes which EBIPs were adopted
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(for additional information on how these EBIPs were imple-
mented in each class, please see Supplemental Table 2).

Of the 103 participants who were not included in our ana-
lyzed sample, 46 were excluded due to a data-collection error
that precluded linking start-of-term and end-of-term data. We
were unable to assess whether these 46 participants differed in
demographic attributes from the main sample, because these
questions were not included in the end-of-term survey. Analyses
of variance (ANOVA) of this subsample showed that mean rat-
ings of teaching practices for anxiety caused and contribution to
learning, mean social anxiety scores, and mean academic
self-efficacy scores reported at the end of term by these partici-
pants did not differ significantly from the main sample. The
remaining 57 participants who were not included in the main
sample completed less than 10% of the questionnaire at the
start of term. Among those who answered demographic ques-
tions, their characteristics resembled those of the main sample,
although there were fewer participants identifying as white in
ethnicity (36.8%) and more endorsing the “other” ethnicity cat-
egory (28.1%) (Supplemental Table 3).

Measures

The complete questionnaire administered to students is avail-
able in the Supplemental Material. Students completed the
same online questionnaire at the beginning and the end of the
semester. At the beginning of the semester, the survey was
administered within the first 2 weeks of class when instructors
had just started to deploy their EBIPs in the classroom. We did
not control for the amount of experience students had with
EBIPs before administering the first survey.

Instructional Practices

We modified a Likert-type scale created by England et al. (2017)
to ask students to evaluate several instructional practices in
terms of how much anxiety they cause the students to feel on a
scale from 1 (no anxiety) to 5 (extreme anxiety). Students were
also asked to evaluate the same practices in terms of how much
they contribute to their learning on a scale from 1 (very little)
to 5 (significantly). The instructions asked students to evaluate
the instructional practices without specifically directing them to
think about the context of the current course. A core set of prac-
tices were included in the questionnaires administered in all of
the classes (lecture, personal response system alone; personal
response system in a group; volunteering to answer a question;
cold calling by instructor; in-class quiz alone; in-class quiz in a
group). These core practices were selected on the basis of hav-
ing been reviewed by instructors in the context of completing
their educational research graduate seminar (described earlier)
or being practices commonly used in traditional classrooms
(e.g., lecturing, cold calling). Other practices were included in
each instructor’s questionnaire only when the practice had been
used in the instructor’s classroom (think—pair—share, muddiest
point, nongraded activity completed alone, nongraded activity
completed in a group, quiz out of class). As a result of this, the
sample sizes for these ratings vary across the practices. For sta-
tistical analysis, we treated these ratings as continuous and cal-
culated mean ratings with standard deviations for each teach-
ing practice (Norman, 2010). We assessed whether ratings for
each instructional practice differed by class using ANOVAs with
an alpha level corrected for multiple comparisons (p < 0.001),
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and we report mean ratings from each class from the start of
term in Supplemental Tables 4 and 5.

Significant differences were found for the anxiety ratings of
lecturing between the classes with the lowest and highest
means (see Supplemental Table 4). Dropping these two classes
from the data set did not alter the pattern of results we obtained
using all data pooled across the classes; as such, we report data
pooled across all five classes.

Academic Self-Efficacy

We evaluated students’ self-reported academic self-efficacy
using a 10-item scale developed by Mcllroy and colleagues
(2000). Students indicated their level of agreement with state-
ments such as “If I don’t understand an academic problem, I
persevere until I do” on a seven-point Likert scale. The instruc-
tions asked students to respond to each statement without spe-
cifically directing them to think about the context of their cur-
rent course. After reverse scoring some items, we calculated a
total efficacy score for each student by summing across the val-
ues for all responses with a maximum possible score of 70.
Cronbach’s o analysis indicated good internal reliability of this
scale when administered at the beginning of term (o = 0.77)
and at the end of term (oo = 0.86). No significant differences
were found in academic self-efficacy levels across the five
classes.

Social Anxiety

Social anxiety, or psychological distress relating to the fear of
negative evaluation by others, was assessed in students using
the mini-social phobia inventory (mini-SPIN; Connor et al.,
2001). This three-item self-report scale evaluates how much an
individual has been bothered in the past week by situations
potentially involving social judgment. In response to statements
such as “I avoid activities in which I am the center of attention,”
students selected a response between O (not at all) and 4
(extremely). Total social anxiety was computed by summing
across responses to these three items with a maximum possible
score of 12. Analyses demonstrated good internal reliability
when administered at the beginning of term (Cronbach’s o =
0.84) and at the end of term (o = 0.83). No significant differ-
ences were found in social anxiety levels across the five classes.

Academic Performance Indicators

Additionally, students were asked to report at the start of the
term their current grade point averages (GPAs) and their antic-
ipated final grades in the course by choosing a letter grade
ranging from “A+” to “E.” Current GPA was coded using an
inverted scale ranging from 1 to 22 (on which “1” indicated a
4.0 GPA, “2” indicated a 3.9, and so on; scale values continued
to 22 indicating less than 2.0). Anticipated final grade was also
coded using an inverted scale on which each letter grade was
assigned a value ranging from 1 (‘A+”) to 12 (“E”). Final grades
in the course were also collected in the data set. Anticipated
and final grade data were available from three classes but were
missing from two classes due to an error in data collection.
Across these three classes, the mean anticipated final grade was
between an ‘A-" and “B+,” corresponding to a mean value of
2.4+ 1.39 (95% CI [2.18, 2.61]), whereas the mean final grade
received was 76.9% + 19.3 (95% CI [73.9, 78.4]). Data for each
class are reported individually in Supplemental Table 6.

CBE—Life Sciences Education e 20:ar12, Spring 2021



TABLE 2. Summary of EBIPs implemented in classes

ACTIVE LEARNING, ANXIETY, SELF-EFFICACY

EBIP

Features Class(es) used

Group work

Students were assigned to work in small groups on assignments across the semester. Groups had

Class 5

discretion over how frequently they would meet. Students completed weekly reflections on

their experience.
In-class quiz: individual
In-class quiz: group
upon reaching consensus.
Muddiest point
Personal response system:
individual
Personal response system:
group
Think—pair-share
using a personal response system.

Students answered timed multiple-choice questions individually.
Students discussed multiple-choice questions in a small group and submitted the group’s answers

Individually, students identified the most confusing concept presented that day in class.

Students used a response system (e.g., clicker) to report an answer to a question. A histogram of
student responses was shown to the class in real time.

Students worked in groups to answer a question using a response system (e.g., clicker). A
histogram of student responses was shown to the class in real time.

Students paired with a partner to discuss a timed conceptual question and submitted an answer

Classes 1, 2, 3, 4
Classes 1, 3, 4

Class 1
Classes 1, 2, 3, 4

Classes 1, 3, 4

Class 2

Questionnaires completed at the beginning and the end of
the term were linked for each student using a personal identi-
fier such as name or date of birth, depending on the class. Data
analyses were carried out by a different member of the research
team. Instructors did not see the questionnaire results until
after all grades were submitted.

Plan of Analysis

To address the first research question of how participants rate
various instructional practices for anxiety caused by each and
for their contribution to student learning, we calculated partic-
ipants’ average ratings of each instructional practice made at
the beginning of the semester and at the end of the semester. To
evaluate whether these ratings changed over the course of the
semester, we used paired-sample t tests with a Bonferroni-cor-
rected alpha level of 0.004 (0.05/12). This approach was used
instead of a multivariate ANOVA to maximize the number of
data points available for each instructional practice rating.

To address the second research question of whether social
anxiety and academic self-efficacy predicted participants’ mean
ratings of instructional practices for anxiety caused, we con-
ducted a series of linear regressions using mean social anxiety
and academic self-efficacy levels reported at the beginning of
the semester as predictors and an outcome of mean anxiety rat-
ing of each instructional practice made at the beginning of the
semester. Given that anxiety typically correlates negatively with
academic performance, we entered participants’ self-reported
GPAs at the beginning of the semester as a covariate in these
analyses to control for differences in academic ability. Signifi-
cance was evaluated using a Bonferroni-corrected alpha level of
0.004 (0.05/12).

A similar series of regressions was conducted to address the
third research question of whether social anxiety and academic
self-efficacy predicted participants’ mean ratings of instructional
practices for their contribution to student learning. For these
analyses, the outcome variable was students’ mean ratings of
each practice’s contribution to their learning, which was made at
the beginning of the semester. Participants’ self-reported GPAs at
the beginning of the semester were entered as a covariate to con-
trol for differences in academic ability. Significance was evalu-
ated using a Bonferroni-corrected alpha level of 0.004 (0.05/12).

To address the fourth question of whether social anxiety and
academic self-efficacy predicted participants’ anticipated and
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actual academic performance in a course, we conducted linear
regressions using the predictors of social anxiety level and aca-
demic self-efficacy (as reported at the beginning of the semes-
ter) for the outcomes of anticipated grade (as reported at the
beginning of the semester) and actual final grade (as reported
by instructors at the end of the semester). Separate analyses
were conducted for each of these outcomes. In all analyses,
self-reported GPA at the beginning of the semester was entered
as a covariate.

To test whether academic self-efficacy served as a mediator
of the relation between social anxiety and the outcomes of
anticipated grade and final received grade, we used the macro
program PROCESS in SPSS (Hayes, 2017) to conduct a series of
linear regressions as described by Baron and Kenny (1986),
with bootstrapping to estimate 95% confidence intervals (5000
samples). Self-reported GPA at the beginning of the semester
was entered as a covariate in this mediation analysis. As
described in the Results, the direct effect of social anxiety on
final course grade was not significant, which violates one of
Baron and Kenny’s (1986) original conditions for mediation
testing. Despite this violation, we nonetheless pursued the
mediation analysis to examine the indirect effect of social anxi-
ety on grade through academic self-efficacy. This decision was
made in view of previous literature establishing associations
between these variables as well as evidence that it is not neces-
sary to demonstrate a significant direct effect if a complete
mediation is not anticipated (Shrout and Bolger, 2002).

RESULTS

Students Rate Instructional Practices with a Social
Component as More Anxiety Provoking

We examined students’ ratings of various instructional practices
for the degree to which each caused students anxiety using a
scale ranging from 1 (no anxiety) to 5 (extreme anxiety;
Figure 1). At the start of the semester, students rated cold call-
ing (3.99 + 1.18, 95% CI [3.78, 4.20]) and volunteering to
answer a question (3.16 + 1.20, 95% CI [2.95, 3.37]) as the
most anxiety-inducing practices, whereas nongraded activities
completed alone (1.49 + 0.79, 95% CI [1.28, 1.70]) were the
least anxiety inducing. Lecturing was also rated as one of the
least anxiety-inducing instructional practices (1.57 £ 0.92, 95%
CI [1.42, 1.73]). Anxiety ratings of some instructional practices
declined significantly by the end of term (personal response
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think-pair-share
nongraded alone activity —|E—————

nongraded group activity

quiz out of class | EGE—G——————

in-class quiz group T x

in-class quiz alone i

muddiest point n T x

cold call }

volunteer

PRS pair T X

PRS alone
lecture ——

0 1 2 3 4 5

mstart of term  Dend of term

FIGURE 1. Ratings of teaching practices for anxiety (1 = no anxiety;
5 = extreme anxiety) made at the start of term and end of term. An
asterisk (*) indicates a significant difference in anxiety rating
between the start and end of term, p < 0.004. PRS, personal
response system such as a clicker.

system in a group, muddiest point, in-class quiz alone, in-class
quiz in a group), although these effect sizes were modest
(data reported in Supplemental Table 7). Note that a
Bonferroni-corrected alpha level of 0.004 (0.05/12) was used
to assess significant changes in these ratings from the beginning
to the end of term.

Given our interest in whether social anxiety influences stu-
dents’ perceptions of an active-learning classroom, we exam-
ined whether anxiety ratings of instructional practices differed
based on whether the practice required a social component or
allowed students to work individually. Using students’ ratings
from the beginning of the semester, we calculated a mean anx-

think-pair-share

nongraded alone activity

nongraded group activity

quiz out of class

in-class quiz group ]

in-class quiz alone ry

muddiest point &

cold call

volunteer

PRS pair =

PRS alone =

lecture

B start of term  Oend of term

FIGURE 2. Ratings of teaching practices for how much each
contributes to learning (1 = little contribution; 5 = significant
contribution) made at the start of term and end of term. An asterisk
(*) indicates a significant difference in rating between the start and
end of term, p < 0.004. PRS, personal response system such as a
clicker.
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iety rating for “social” EBIPs (calculated by pooling ratings for
personal response system in a group, think—pair—share, non-
graded group activity, in-class quiz in a group, or speaking in
front of a group by volunteering to answer a question or through
instructor cold calling) and “non-social” EBIPs (personal
response system alone; nongraded activity alone; in-class quiz
alone; muddiest point; and out-of-class quiz alone). The mean
anxiety rating of social EBIPs at the beginning of the semester
was significantly higher (2.77 £ 0.96, 95% CI [2.59, 2.96])
compared with non-social EBIPs (2.07 £ 0.91, 95% CI [1.89,
2.24]) (paired-sample ¢ test, t (105) = 8.15, p < 0.001, Cohen’s
d=0.79).

Students also rated instructional practices for how much
they believed each contributed to their learning (Figure 2). At
the start of term, lecturing (mean 4.07 + 1.07, 95% CI [3.88,
4.25]) was considered to be one of the practices that contrib-
uted the most to learning relative to the majority of other prac-
tices. Among the EBIPs, think—pair-share (mean 4.15 £ 0.99,
95% CI [3.86, 4.43]) and quizzing out of class (mean 3.76 +
1.18,95% CI [3.44, 4.08]) were rated highly for contribution to
learning, whereas cold calling was rated as having the least
value (mean 2.41 + 1.23, 95% CI [2.19, 2.63]). These ratings
did not change significantly from the start to the end of term,
except for personal response system in a group, which increased
slightly (mean change 0.34 +1.28, 95% CI [0.13, 0.56], Cohen’s
d = 0.27) (Supplemental Table 8). Note that with a Bonfer-
roni-corrected alpha level of 0.004 (0.05/12) was used to assess
significant changes in these ratings from the beginning to the
end of term.

Interestingly, we observed that students’ ratings of instruc-
tional practices for their contribution to learning tended to vary
inversely with the anxiety ratings of each practice. Using the
mean ratings of each of the 11 EBIPs, we ranked these practices
relative to one another for the amount of anxiety caused and for
contribution to learning and compared these rankings (separate
analyses were conducted using ratings made at the beginning
of the semester and at the end of the semester). The instruc-
tional practices that ranked highest in contributing to learning
(e.g., quizzing out of class) tended to be ranked low in causing
anxiety, whereas highly anxiogenic practices such as cold call-
ing and volunteering to answer a question ranked lowest in
value for learning. Although this pattern was not significant
using responses collected at the beginning of term (Kendall’s
tau-b (10) =-0.33, p =0.16), it was in the end-of-term rankings
(Kendall’s tau-b (10) =—0.48, p = 0.04, r> = 0.23).

Socially Anxious Students Rate Several Instructional Prac-
tices as More Anxiety Provoking Than Do Non-socially
Anxious Students

We next examined whether students’ levels of self-reported social
anxiety and academic self-efficacy predicted their anxiety ratings
of instructional practices at the beginning of the semester. Within
the sample, social anxiety as assessed using the mini-SPIN ranged
from the minimum (0) to the maximum (12) levels possible
(mean social anxiety score at the beginning of term = 6.21 *
0.23, 95% CI [5.76, 6.66]). Academic self-efficacy scores at the
beginning of term ranged from a minimum of 28 to a maximum
of 70 (mean academic self-efficacy score at the beginning of term
=48.81 £ 0.59, 95% CI [47.64, 49.98]). Table 3 shows that stu-
dents’ social anxiety score correlated negatively, albeit modestly,
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TABLE 3. Pearson correlations between social anxiety, academic self-efficacy, and self-reported GPA assessed at the beginning of term

Social anxiety (n) Academic self-efficacy (n) Self-reported GPA (n)?
Social anxiety (1) —
Academic self-efficacy (n) —0.29%* (223) —
Self-reported GPA (n) 0.21** (214) —0.25%* (213) —

aSelf-reported GPA was scored according to a reverse scale.

**p < 0.01.

TABLE 4. Linear regressions using social anxiety and academic self-efficacy to predict anxiety ratings of instructional practices at the start

of term

Practice (n) b (95% CI) SEb B r

Lecturing (212) Constant 2.366 (1.46, 3.28) 0.46
Self-reported GPA? 0.04 (0.01, 0.07) 0.01 0.17 0.17
Social anxiety 0.03 (-0.01, 0.07) 0.02 0.11 0.11
Academic self-efficacy —-0.02 (-0.04, -0.01)* 0.01 -0.20 -0.20
R?=0.12, F(3, 208) = 9.56, p < 0.001.
*p = 0.004.

PRS alone (213) Constant 3.60 (2.54, 4.67) 0.54
Self-reported GPA 0.01 (=0.03, 0.04) 0.02 0.03 0.03
Social anxiety 0.01 (=0.04, 0.05) 0.02 0.02 0.02
Academic self-efficacy —-0.03 (-0.05, -0.02)* 0.01 -0.27 -0.25
R?=0.08, F(3, 209) = 5.99, p = 0.01.
*p < 0.001.

PRS group (213) Constant 2.20 (1.25, 3.15) 0.48
Self-reported GPA 0.02 (=0.01, 0.05) 0.02 0.08 0.09
Social anxiety 0.11 (0.07, 0.15)* 0.02 0.34 0.34
Academic self-efficacy -0.02 (-0.03, 0.00) 0.01 -0.13 -0.26
R?=0.19, F(3, 209) = 16.29, p < 0.001.
p <0.001.

Volunteering (212) Constant 2.63 (1.67, 3.60) 0.49
Self-reported GPA 0.01 (-0.02, 0.04) 0.02 0.04 0.04
Social anxiety 0.19 (0.14, 0.23)* 0.02 0.52 0.51
Academic self-efficacy -0.01 (-0.03, 0.00) 0.01 -0.10 -0.11
R?=0.33, F(3, 208) = 34.07, p < 0.001.
*p <0.001.

Cold calling (203) Constant 3.85(2.91, 4.80) 0.48
Self-reported GPA -0.02 (0.05, 0.01) 0.02 -0.07 -0.08
Social anxiety 0.19 (0.15, 0.23)* 0.02 0.54 0.53
Academic self-efficacy -0.02 (-0.03, 0.00) 0.01 -0.13 -0.15
R?2=0.34, F(3, 199) = 34.18, p < 0.001.
p < 0.001.

Muddiest point (104) Constant 1.25 (-0.38, 2.89) 0.82
Self-reported GPA 0.02 (-0.04, 0.08) 0.03 0.08 0.08
Social anxiety 0.15 (0.08, 0.22)* 0.04 0.44 0.40
Academic self-efficacy 0.00 (-0.03, 0.02) 0.01 -0.02 -0.02
R?=0.22, F(3, 100) =9.57, p < 0.001.
p < 0.001.

In-class quiz alone (213) Constant 3.63 (-0.06, 0.00) 0.53
Self-reported GPA ~0.03 (-0.06, 0.00) 0.02 -0.12 -0.12
Social anxiety 0.05 (0.01, 0.10) 0.02 0.16 0.15
Academic self-efficacy —-0.03 (-0.05, -0.01)* 0.01 -0.23 -0.22
R?2=0.10, F(3, 209) = 7.27, p < 0.001.
*p < 0.001.

(Continues)
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TABLE 4. Continued

Practice (n) b (95% CI) SE b I3 r

In-class quiz group (211) Constant 1.78 (0.69, 2.86) 0.55
Self-reported GPA 0.04 (0.01, 0.07) 0.02 0.15 0.15
Social anxiety 0.10 (0.05, 0.15)* 0.03 0.28 0.27
Academic self-efficacy -0.01 (-0.03, 0.01) 0.01 -0.05 -0.05
R?*=0.13, F(3, 207) = 10.71, p < 0.001.
*p < 0.001.

Quiz out of class (74) Constant 2.27 (0.79, 1.63) 0.80
Self-reported GPA 0.04 (-0.02, 0.09) 0.03 0.17 0.16
Social anxiety 0.05 (-0.03, 0.12) 0.04 0.16 0.15
Academic self-efficacy -0.02 (-0.05, 0.00) 0.01 -0.21 -0.20
R*>=0.18, F(3, 70) = 5.09, p = 0.003.

Nongraded group activity (77) Constant 1.29 (-0.75, 3.34) 1.03
Self-reported GPA 0.02 (-0.05, 0.09) 0.03 0.07 0.06
Social anxiety 0.12 (0.03, 0.21) 0.05 0.33 0.30
Academic self-efficacy 0.0 (-0.04, 0.03) 0.02 -0.02 -0.02
R?>=0.14, F(3, 73) =3.96, p = 0.011.

Nongraded alone activity (76)  Constant 2.59 (1.12, 4.06) 0.74
Self-reported GPA 0.02 (-0.03, 0.07) 0.02 0.09 0.08
Social anxiety 0.01 (-0.06, 0.08) 0.03 0.04 0.04
Academic self-efficacy -0.03 (-0.05, 0.00) 0.01 -0.27 -0.24
R*=0.11, F(3, 72) = 3.13, p = 0.03.

Think-pair-share (60) Constant 4.64 (2.54, 6.75) 1.05
Self-reported GPA -0.04 (-0.15, 0.06) 0.05 -0.11 -0.11
Social anxiety 0.03 (-0.06, 0.11) 0.04 0.08 0.08
Academic self-efficacy -0.05 (-0.09, -0.02)" 0.02 -0.40 -0.37

R2=0.17, F(3, 56) = 3.69, p = 0.02.
ip = 0.005.

aThe variable GPA was scored on a reverse scale.

with reported academic self-efficacy and with prior academic
achievement (assessed using self-reported GPA), whereas aca-
demic self-efficacy correlated positively with reported GPA at the
beginning of the semester.

A Bonferroni-corrected alpha level of 0.004 (0.05/12) was
used to assess the significance of social anxiety and academic
self-efficacy in predicting students’ anxiety rating of each
instructional practice. When controlling for reported GPA, par-
ticipants’ social anxiety significantly predicted mean anxiety
ratings of several instructional practices made at the beginning
of the semester. However, these effect sizes were modest (see
Table 4). Specifically, these practices were personal response
system in a group, volunteering to answer a question, cold
calling, muddiest point, and in-class quiz in a group. We note
that four of these five practices involve a social component.

Within the same regression models, we found that aca-
demic self-efficacy significantly predicted anxiety ratings of
some instructional practices, such that high-efficacy students
rated these practices as causing less anxiety. However, these
effect sizes were modest. Specifically, these practices were lec-
ture, personal response system alone, and in-class quiz alone.
There was a near-significant trend for think-pair-share (p =
0.005). Interestingly, these practices did not overlap with those
predicted by social anxiety levels. We also note that three of
these four practices involve students working independently.

20:arl2, 8

Students with Higher Academic Self-Efficacy Rate Some
Instructional Practices as Contributing More to Learning
Than Do Students with Low Academic Self-Efficacy

We next examined whether students’ levels of social anxiety
and academic self-efficacy predicted beginning-of-semester rat-
ings of instructional practices for their contribution to learning.
Consistent with the analyses performed using anxiety rating as
the outcome variable, the significance of social anxiety and aca-
demic self-efficacy in predicting students’ ratings of contribu-
tion to learning was assessed against a Bonferroni-corrected
alpha level of 0.004 (0.05/12). These results are shown in
Table 5. When controlling for GPA, students’ social anxiety lev-
els did not predict these ratings for any instructional practice. In
contrast, academic self-efficacy positively predicted ratings of
some instructional practices for their contribution to learning,
specifically personal response system alone, in-class quiz alone,
in-class quiz in a group, and cold calling. Effect sizes were mod-
est, however.

Academic Self-Efficacy Predicts Final Course Grade and
Explains Some of the Association between Social Anxiety
and Final Course Grade

Given that anxiety can negatively impact academic perfor-
mance, we investigated whether students’ social anxiety at the
beginning of term was related to their anticipated and actual
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TABLE 5. Linear regressions using social anxiety and academic self-efficacy to predict ratings of instructional practices’ contribution to

learning at the start of term

Practice (n) b (95% CI) SEb B r

Lecturing (213) Constant 3.09 (2.06, 4.13) 0.52
Self-reported GPA? 0.00 (-0.03, 0.03) 0.02 0.00 0.00
Social anxiety 0.01 (-0.04, 0.06) 0.02 0.03 0.03
Academic self-efficacy 0.02 (0.00, 0.04) 0.01 0.15 0.14
R?=0.02, F(3, 209) = 1.36, p = 0.26.

PRS alone (213) Constant 1.61 (0.53, 2.68) 0.55
Self-reported GPA 0.02 (-0.01, 0.06) 0.02 0.01 0.09
Social anxiety 0.02 (-0.03, 0.07) 0.02 0.07 0.06
Academic self-efficacy 0.03 (0.01, 0.04)* 0.01 0.20 0.18
R?=0.04, F(3, 209) = 2.70, p = 0.05.
*p =0.007.

PRS group (213) Constant 3.64 (2.46, 4.81) 0.60
Self-reported GPA -0.03 (-0.07, 0.01) 0.02 -0.12 -0.12
Social anxiety 0.00 (-0.05, 0.05) 0.03 0.01 0.01
Academic self-efficacy 0.00 (-0.02, 0.02) 0.01 -0.02 -0.02
R?=0.01, F(3, 209) = 0.99, p = 0.40.

Volunteering (213) Constant 2.44 (1.27,3.61) 0.59
Self-reported GPA -0.01 (-0.05, 0.03) 0.02 -0.04 -0.04
Social anxiety -0.04 (-0.09, 0.23) 0.03 -0.10 -0.09
Academic self-efficacy 0.02 (0.00, 0.04) 0.01 0.12 0.11
R?=0.04, F(3, 209) = 2.65, p = 0.05.

Cold calling (212) Constant 0.59 (-0.62, 1.81) 0.62
Self-reported GPA 0.02 (-0.02, 0.05) 0.02 0.05 0.06
Social anxiety -0.04 (-0.09, 0.02) 0.03 -0.10 -0.10
Academic self-efficacy 0.04 (0.02, 0.06)* 0.01 0.28 0.26
R?=0.10, F(3, 208) = 7.42, p < 0.001
*p < 0.001.

Muddiest point (102) Constant 2.41 (0.75, 4.06) 0.83
Self-reported GPA -0.02 (-0.08, 0.04) 0.03 -0.06 -0.05
Social anxiety 0.02 (-0.05, 0.09) 0.04 0.07 0.06
Academic self-efficacy 0.02 (-0.01, 0.04) 0.01 0.13 0.12
R?>=0.02, F(3,98) =0.74, p=0.53.

In-class quiz alone (212) Constant 1.35 (0.32, 2.39) 0.52
Self-reported GPA 0.02 (=0.01, 0.06) 0.02 0.10 0.10
Social anxiety 0.00 (-0.04, 0.05) 0.02 0.00 0.00
Academic self-efficacy 0.04 (0.02, 0.06)* 0.01 0.31 0.29
R?=10.09, F(3, 208) = 6.65, p < 0.001.
*p < 0.001.

In-class quiz group (211) Constant 2.10 (0.98, 3.22) 0.57
Self-reported GPA -0.01 (-0.05, 0.02) 0.02 -0.06 -0.05
Social anxiety 0.01 (-0.04, 0.06) 0.03 0.04 0.04
Academic self-efficacy 0.03 (0.01, 0.05)* 0.01 0.21 0.20
R?=0.05, F(3, 207) = 3.43, p = 0.02.
*p =0.005.

Quiz out of class (77) Constant 1.15 (-0.81, 3.10) 0.98
Self-reported GPA 0.02 (-0.05, 0.08) 0.03 0.07 0.06
Social anxiety 0.07 (-0.02, 0.16) 0.04 0.21 0.19
Academic self-efficacy 0.04 (0.01, 0.07) 0.02 0.33 0.29
R?=0.10, F(3, 73) = 2.64, p = 0.06.

(Continues)
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TABLE 5. Continued

Practice (n)

b (95% CI) SE b 3 r

Nongraded group activity (76) Constant 2.47 (0.23, 4.70) 1.12
Self-reported GPA 0.02 (-0.06, 0.09) 0.04 0.06 0.05
Social anxiety -0.09 (-0.19, 0.01) 0.05 -0.23 -0.20
Academic self-efficacy 0.02 (-0.02, 0.06) 0.02 0.14 0.13
R?=0.09, F(3, 72) = 2.24, p = 0.09.

Nongraded alone activity (77) Constant 1.55 (-0.79, 3.90) 1.18
Self-reported GPA -0.04 (-0.11, 0.04) 0.04 -0.12 -0.11
Social anxiety 0.06 (-0.05, 0.16) 0.05 0.14 0.13
Academic self-efficacy 0.04 (-0.01, 0.08) 0.02 0.25 0.22
R?>=0.08, F(3, 73) =2.21, p=0.10.

Think-pair—share (60) Constant 4.51 (2.48, 6.53) 1.01
Self-reported GPA -0.13 (-0.23, -0.03) 0.05 -0.35 -0.32
Social anxiety -0.01 (-0.09, 0.08) 0.04 -0.03 -0.03
Academic self-efficacy 0.00 (-0.03, 0.04) 0.02 0.02 0.02

R?=0.13, F(3, 56) = 2.77, p = 0.05.

“The variable GPA was scored on a reverse scale.

academic performance in the course. When controlling for GPA,
neither social anxiety nor academic self-efficacy levels reported
at the start of term significantly predicted anticipated grade in
the course. For actual final grade received in the course, level of
academic self-efficacy was a significant predictor, whereas
social anxiety at the beginning of term was not when controlling
for GPA (Table 6).

Previous findings (Hull et al., 2019) indicate that there may
be a mediating relation between academic self-efficacy and anx-
iety in predicting academic performance; that is, anxiety level
may predict subsequent academic performance because it is
associated in part with the amount of confidence one has in
one’s ability to meet academic challenges. We undertook a
mediation analysis to test this relation in our data, and these
results are summarized in Figure 3. When controlling for prior
GPA, the direct effect of social anxiety level on final course
grade was not significant (b = —0.64, p = 0.15). Social anxiety
score negatively predicted academic self-efficacy at the begin-
ning of term, when controlling for GPA (b = —0.73, 95% CI
[-1.12, —0.34]). Academic self-efficacy score at the beginning
of term also predicted actual received final grade when con-
trolling for GPA and social anxiety level (b=0.48, 95% CI [0.13,
0.82]). We then tested in our data set whether the association
of social anxiety with final grade in the course was significantly
mediated by academic self-efficacy when controlling for stu-
dents’ self-reported GPA. As shown in Figure 3, there was a sig-
nificant indirect effect of academic self-efficacy in accounting

for the relation between social anxiety and final grade in the
course (b =-0.35, bootstrapped 95% CI [-0.69, —0.08]). How-
ever, the size of this mediation effect was small (standardized
indirect effect = —0.06, bootstrapped 95% CI [-0.12, —0.01]).

DISCUSSION

We report here that community college students experience var-
ied levels of anxiety in response to several types of instructional
practices and that individual differences in social anxiety and
academic self-efficacy are associated with the amount of anxi-
ety elicited by these practices. In our sample, students who
were higher in social anxiety tended to perceive particular
instructional practices as more anxiety inducing than did
low-anxiety students, even when controlling for previous aca-
demic achievement. Students with high social anxiety also
tended to have lower levels of academic self-efficacy, and
low-efficacy students tended to receive a lower final grade even
when controlling for prior academic achievement. In the fol-
lowing sections, we discuss the main findings from this study,
consider the impact of some limitations on our findings, and
propose some practical implications derived from our results.

Students Perceive Some Instructional Practices as
Particularly Anxiety Provoking and Some Practices as
Having Limited Value for Learning

Consistent with previous reports, our participants confirmed
that cold calling and volunteering to answer a question are

TABLE 6. Linear regression using social anxiety and academic self-efficacy levels at the beginning of term to predict actual grade received,

with self-reported GPA entered as a covariate (n = 158).

b (95% CI) SE b B r
Constant 64.08 (43.81, 84.81) 10.26
Self-reported GPA? -1.23 (-1.84, -0.62)* 0.31 -0.30 -0.31
Social anxiety -0.64 (-1.51, 0.24) 0.44 -0.11 -0.12
Academic self-efficacy 0.48 (0.13, 0.82)* 0.17 0.21 0.22

2GPA was scored using a reverse scale.
R*=0.07, F(3, 154) = 13.81, p < 0.001.
*p <0.001.
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FIGURE 3. Model of academic self-efficacy as a mediator of the
association between social anxiety and final grade received in the
course when controlling for self-reported GPA. Unstandardized
regression coefficients are shown. The indirect effect of social
anxiety on final grade received via academic self-efficacy was
significant.

intimidating activities (England et al., 2017; Cooper et al.,
2018). This study also revealed that practices involving social
interaction such as group quizzes, think—pair-share, and non-
graded group activities also ranked as slightly more anxiety pro-
voking compared with individual activities such as using a per-
sonal response system alone. This pattern may lend support to
the view that active learning may induce anxiety when it cre-
ates opportunities for social judgment.

It is worth noting that experiencing low levels of anxiety can
actually facilitate focused attention and learning in some indi-
viduals, particularly when completing activities that are famil-
iar or relatively simple (Yerkes and Dodson, 1908; Keeley et al.,
2008). Furthermore, mild anxiety is not necessarily perceived
by students as a bad thing in the classroom (Cooper et al.,
2018). However, students in our sample did not appear to
equate anxiety with benefit to their learning; rather, EBIPs that
were rated as the most anxiogenic also tended to be those rated
as having the least educational value, and vice versa. This
inverse relationship may reflect students’ experience with the
known impairing effects of heightened anxiety on cognitive
functions such as working memory and goal-focused attention,
which are needed to successfully complete classroom activities
(Beilock et al., 2004; Mowbray, 2012).

With the exception of cold calling, students rated all teach-
ing practices on average as contributing at least moderately to
their learning. Interestingly, their ratings revealed a preference
for lecturing as one of the most valued pedagogical tools. Rat-
ings of teaching practices also changed very little over the term,
despite the fact that instructors integrated more than one new
EBIP into their course (i.e., increased familiarity with new
teaching practices did not markedly change students’ sense of
what works in the classroom by the end of the semester). These
results could suggest that student beliefs contribute to the iner-
tia against adopting EBIPs: instructors may be reluctant to move
away from lecturing, a traditional teaching method, because
not only they but also their students perceive it to be effective.
This interpretation is in line with recent findings that students
perceive themselves as learning more in lecture-based class-
rooms despite assessments indicating that content mastery is
better in an active-learning environment (Deslauriers et al.,
2019). Student ratings of lecturing may also be influenced by
greater familiarity with this teaching practice. Given that lectur-
ing is the most widely practiced teaching technique, students’
sense of what pedagogies work best may be confounded with
established expectations of what “should” be done in the
classroom.

CBE—Life Sciences Education « 20:ar12, Spring 2021

ACTIVE LEARNING, ANXIETY, SELF-EFFICACY

Social Anxiety and Academic Self-Efficacy Predict
Students’ Perceptions of Some Instructional Practices

We also report here that the psychological attributes of social
anxiety and academic self-efficacy play a role in how students
perceive instructional practices. In our sample, social anxiety
levels tended to correlate negatively with academic self-efficacy
and academic performance, patterns consistent with existing
literature. Interestingly, even when controlling for students’
academic ability using self-reported GPA, socially anxious stu-
dents gave higher anxiety ratings to several instructional prac-
tices at the beginning of the semester, and particularly to those
having a social component, whereas students high in academic
self-efficacy tended to give lower anxiety ratings. This pattern
suggests that socially anxious students not only begin the term
as more apprehensive of the classroom, but also that they may
be more reluctant to engage in evidence-based instructional
activities.

Students’ reported levels of academic self-efficacy also posi-
tively predicted the perceived value of several instructional
practices for contribution to learning. That is, after controlling
for academic ability, students with greater confidence in their
ability to meet academic challenges rated some instructional
practices as having more educational value compared with rat-
ings made by low-efficacy students. We note that three of these
four practices (cold calling, personal response system alone,
in-class quiz alone, in-class quiz in a group) involved working
independently on an activity that would receive feedback in
class (and, potentially, feedback that could be seen by others in
the class). This result may relate to findings that academic
self-efficacy is associated with greater persistence in the class-
room and with students’ reported openness to active-learning
practices (Cooper et al., 2017); that is, perhaps students with
greater academic self-efficacy are more comfortable engaging in
classroom activities that may reveal gaps in one’s knowledge in
real time. In turn, deeper engagement in these activities
through, for example, more participation in discussions and vol-
unteering answers to questions may increase the likelihood that
students experience firsthand the benefits of these activities for
their learning. Taken together, our findings would appear to
support a larger body of literature that both academic self-effi-
cacy and social anxiety play important roles in influencing stu-
dents’ perceptions of an active-learning classroom and that
these factors may affect students’ degree of engagement with
an active-learning environment.

Academic Self-Efficacy Predicts Academic Performance in

a Course

The present findings also show that students’ levels of academic
self-efficacy at the beginning of the semester are associated
with their actual grades received in a course, even when con-
trolling for prior academic achievement. In contrast to previous
findings (Brook and Willoughby, 2015), however, social anxiety
was not a significant predictor of final grade in our sample.
Despite the lack of a significant direct effect between social anx-
iety and grade in this instance, the mediation model demon-
strated that academic self-efficacy can account for a significant
portion of the shared variance between social anxiety and aca-
demic outcome. This pattern would seem to be generally con-
sistent with existing literature on the relationships between
anxiety, academic self-efficacy, and academic performance

20:ar12, 11



S. Hood et al.

measures (Seipp, 1991; Raufelder and Ringeisen, 2016; Hull
et al., 2019) and poses some considerations for practical take-
aways from this study, is as described in Practical Implications.

The design of the present study does not allow for any causal
inferences to be drawn about the relationships of these psycho-
logical variables with student performance. However, previous
literature indicates that students with more anxiety report being
less able to engage deeply with active-learning activities
(whether in terms of the amount of students’ contributions to
classroom activities with peers or in their abilities to reflect crit-
ically). As such, one might speculate that targeted actions
within the classroom could prove useful in increasing low-effi-
cacy students’ engagement with an active-learning classroom
and could support actual academic performance. Such inter-
ventions could include activities designed to improve students’
beliefs in their own academic abilities, including the use of low-
stakes, mastery-focused assignments with clear and construc-
tive feedback (Usher and Pajares, 2009; Tanner, 2013). To the
extent that reducing social anxiety in students may facilitate the
development of academic self-efficacy, actions undertaken to
mitigate classroom features that may exacerbate anxiety in stu-
dents may also prove beneficial (e.g., decreasing overly compet-
itive classroom climates, increasing representation of minority
groups in classroom instructors, increasing instructor transpar-
ency in the rationale behind instructional practices, supporting
greater instructor availability and approachability).

Limitations

A number of limitations impact the nature and strength of the
conclusions that can be drawn from this study. Among these,
we note that some features of the design and administration of
our survey may have introduced confounds in our data. For
example, in contrast to other studies examining the relationship
between active learning and student anxiety, the wording of our
survey did not direct participants to reflect on and answer ques-
tions in reference to a specific context such as the current anat-
omy and physiology class, all science classes in general, or
within their programs. We also did not validate in advance the
wording of the Likert-type scales used by students to rate
instructional practices before we deployed the survey. As a
result, it is possible that there may have been some differences
across participants in how they interpreted and answered the
questions. Order effects in the presentation of demographic
questions and answer options may have also played a role in
how participants subsequently answered questions related to
social anxiety and academic self-efficacy. For example, asking
students to begin the surveys by identifying personal attributes
like gender and ethnicity and listing answer options that pre-
sented “majority” STEM community attributes first, such as
male gender and Caucasian ethnicity, may have inadvertently
primed stereotypes in participants. Subconscious stereotype
threat in individuals identifying as nonmajority community
members could have systematically biased responses about
anxiety and academic self-efficacy levels as well as anticipated
grade (Steele, 1997).

Furthermore, we did not include any mechanisms to assess
and control for participants’ degree of experience with various
instructional practices at the time of completing the surveys. In
particular, we did not specifically control for the amount of
instructors’ use of their EBIPs in the classroom before the first
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round of the survey was administered. We also did not ask par-
ticipants about their degree of familiarity with various EBIPs
from previous classes. Given that students’ familiarity with
EBIPs may influence their reported sense of self-efficacy with
respect to these practices (Cooper et al., 2017), our inability to
control for students’ prior EBIP exposure may have played a role
in how participants responded on the surveys. With respect to
the beginning-of-term survey, this limitation may have intro-
duced some ambiguity in the interpretation of participants’ rat-
ings of instructional practices; that is, it is possible that some
participants’ ratings of a practice reflected a “fear of the
unknown” compared with ratings made by other participants
who had some prior experience with that practice. However, we
note here that ratings of the instructional practices in the over-
all sample did not change substantively from the beginning to
the end of the semester. This lack of change over time may
suggest that increased familiarity with several types of EBIPs
did not markedly alter the aggregate response pattern of stu-
dents in our sample.

Additional limitations of our design include inter-instructor
variation in the types of EBIPs selected for implementation and
the methods used to employ each practice in a classroom. As
shown in Supplemental Table 2, the implementation of some
practices varied across instructors; for example, in the use of
personal response systems for individual students, some instruc-
tors restricted time for these questions and graded answers for
accuracy, whereas others did not. This may have consequently
introduced variability in students’ ratings of practices, because
previous evidence shows that the specific characteristics of use
of an EBIP can influence how anxiogenic it is perceived to be
(Cooper et al., 2018). We did not collect comprehensive data to
evaluate how instructors presented their EBIPs nor how much
students engaged in these practices. Prior evidence suggests
that instructor-associated variables such as their openness and
availability to students as well as their efforts to explain the
rationale underlying the use of EBIPs are positively associated
with student perceptions of active learning.

Finally, some features of our sample limit the generalizabil-
ity of our results. Our data set was collected over only a single
semester (albeit from three different institutions separated geo-
graphically). Furthermore, there was significant attrition from
the pool of participants who initially consented to the project,
and the makeup of the final sample was predominantly white
and female. Importantly, social anxiety levels have been found
to vary according to some demographic characteristics such as
gender, whereby women tend to report higher levels of social
anxiety than men (Faravelli et al., 2013). Taken together, these
limitations highlight the need for replication. As the present
study was conducted within a larger, multiyear project, more
data collection in the coming year will assist in evaluating the
reliability of the patterns we report here.

Practical Implications

What practical implications do our findings have for using
active-learning techniques in the classroom? First, these results
highlight the importance of instructor awareness that their
instructional strategy choices can impact students’ emotional
state and that this impact may be unpleasant for some. Findings
to date would suggest that the method by which EBIPs, and
particularly social EBIPs, are introduced and implemented has a
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bearing on how much anxiety certain instructional strategies
may provoke in a student. For example, previous reports indi-
cate that design choices such as making activities low stakes or
no stakes in terms of grading, providing ample time for activity
completion, and allowing students to self-select working groups
or partners may help to make particular EBIPs less intimidating
(Cooper and Brownell, 2016; Freeman et al., 2017; Cooper
et al., 2018). Instructor behaviors might also help to temper
students’ sensitivity to social judgment in the classroom (Pollock
and Finkelstein, 2008; Andrews et al., 2011; Bernstein, 2018):
for example, students may benefit from a brief discussion about
the evidence that learning happens through conversations and
exchanges with others (Vygotsky, 1980; Freeman et al., 2017).
At a departmental or institution level, providing psychoeduca-
tion for students to learn strategies to manage anxiety may also
be valuable (Ayres et al., 2017). Instructor efforts to explain to
students the pedagogical value of EBIPs at both the beginning
of semester and periodically throughout a course have also
been proposed as useful in decreasing student apprehension
toward EBIPs (Seidel and Tanner, 2013).

A second implication of our findings is that efforts to pro-
mote academic self-efficacy early in a course may improve
students’ perceptions of an active-learning classroom and
their likelihood of success in a course. Although the nature of
the present study does not support inferring a causal link
between academic self-efficacy, students’ attitudes toward
instructional practices, and academic achievement, the pat-
tern of results that we report here would appear to be consis-
tent with a growing body of literature suggesting that aca-
demic self-efficacy is an important component of student
success. Because mastery experiences with clear, constructive
feedback are among the most effective means of enhancing
self-efficacy, instructors could attempt to structure their class-
room activities so that students have opportunities from the
beginning of a course to succeed in solving meaningful prob-
lems and to reflect on their thinking. Other interventions that
promote academic self-efficacy include the use of peer models
(e.g., teaching assistants, lab demonstrators), particularly
those who reflect the demographic characteristics of observ-
ing students (Cooper and Brownell, 2016; Freeman et al.,
2017).

CONCLUSION

Taken together, our results add to the growing body of evidence
that students do not experience an active-learning classroom in
a uniform way. Rather, individual differences in students’ psy-
chological attributes appear to be a meaningful component of
the recipe for using active learning successfully, a recipe that
also includes influential contributions from variables such as
instructor behaviors and larger environmental factors in the
classroom (Johnson, 2007; Usher and Pajares, 2009; Seidel and
Tanner, 2013). Considering how individual differences interact
with other known ecological variables in the classroom will
likely be an important part of any strategy to increase the wide-
scale adoption of active learning in STEM.
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