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First-generation college students face a variety of barriers in higher education compared with their continuing-
generation peers. Active learning practices in STEM classrooms can potentially narrow the achievement gap
by increasing academic self-efficacy, or confidence in academic abilities. However, these practices can also
provoke anxiety in students. Given that anxiety can impair cognitive performance, we sought to understand
how first-generation students perceive active learning practices and whether these perceptions affect the
anticipated benefits of active learning. As part of a larger study on pedagogical practices in anatomy and
physiology courses at the community college level, we asked students to rate various active learning tech-
niques on how much each provoked anxiety and how much each contributed to their learning. All students (N
= |186) rated some techniques as more anxiety-provoking than others (e.g., cold calling); however, compared
to continuing-generation students, first-generation students’ ratings tended to be higher. First-generation
students anticipated doing more poorly in a course and attained lower final grades. Notably, the use of ac-
tive learning practices did not improve first-generation students’ academic self-efficacy: by the end of term,
academic self-efficacy decreased in non-white first-generation students whereas other students showed little
change. When introducing active learning strategies, instructors may need to proactively address under-
represented minority students’ emotional reactions and ensure that all students experience success with
these practices early in a course as a way to bolster academic self-efficacy.

INTRODUCTION

Instructors have traditionally focused on the course
content, ensuring that they provide lecture content that is
accurate, topical, and, ideally, engaging. Yet, policy docu-
ments such as Vision and Change (1), as well as a growing
body of literature, point to the critical role of how we teach
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as a means of increasing student retention and success in
STEM disciplines. Importantly, the landmark meta-analysis
by Freeman et al. (2) showed that student performance in
STEM courses can be improved by implementing active
learning practices (3). Through activities such as student
response systems (e.g., clickers), guided inquiry, or concep-
tual problem assignments, active learning practices challenge
students to reflect on what they do and do not know as a
means of constructing their knowledge. Previous findings
suggest that these practices in postsecondary STEM class-
rooms reduce failure rates, improve student performance
on exams, and increase reported student enjoyment of
learning (4, 5).

Active learning techniques have also been identified
as a means of encouraging inclusivity and reducing the
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achievement gap faced by underrepresented demographics
in STEM (6). Use of multiple active learning practices in first-
year science courses, including frequent assessment (e.g.,
clicker questions or multiple smaller exams) and interactive
instruction (e.g., group learning experiences, peer-led team
learning) improved course grades and reduced failure rates,
with underrepresented minority students exhibiting greater
gains in grades than continuing-generation students (6—8).
The reasons that active learning practices may dispropor-
tionately benefit certain demographics remain under inves-
tigation; however, findings suggest that they might afford
greater opportunities for classroom participation from
underrepresented students (9, 10); increase students’ sense
of belonging (11); mitigate an unfriendly or overly competitive
atmosphere prevalent in large lecture classes (12); provide
more opportunities for students to practice metacognitive
skills instead of rote memorization (I3); and enhance a sense
of confidence in abilities to meet academic challenges, oth-
erwise referred to as academic self-efficacy (8).

There is a recognized need to modify traditional STEM
classroom practices to increase the retention and success
of first-generation students in postsecondary institutions.
First-generation students, who are more likely than con-
tinuing generation-students to be members of ethnic minori-
ties and come from a financially disadvantaged background
(14, 15), represent approximately 45% of enrollment at
public American two-year colleges (16). As a group, first-
generation students perform less well academically and are
more likely to drop out than their continuing-generation
peers (17). A reduced sense of belonging may contribute to
this attrition; first-generation students’ goals and expecta-
tions often differ substantially from other students’ (18),
and they often report difficulties integrating into college
life (19, 20). First-generation students also report lower
academic self-efficacy, greater fear of failing academically,
and more uncertainty about their preparedness for col-
lege/university (14, 21). Perhaps consistent with this, first-
generation students are more prone to use low-efficiency
study strategies. The importance of academic self-efficacy
to student success has received increasing attention, as
evidence indicates that this psychological attribute predicts
both sense of belonging to a postsecondary institution and
actual academic outcomes (4, 22).

Some of the challenges faced by first-generation stu-
dents could perhaps be ameliorated by incorporating active
learning practices into teaching. In addition to supporting
a more equitable classroom environment, active learning
practices might help to decrease “imposter syndrome” by
providing students opportunities to apply their skills and
overcome meaningful, challenging problems (23). These
“mastery experiences,” when accompanied by clear instruc-
tions and opportunities to reflect on performance (24, 25),
are considered the most powerful means to increase self-
efficacy, and academic mastery experiences have improved
ratings of academic self-efficacy in particular. For example,
the meta-analysis of Talsma et al. (26) demonstrates that
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performance and self-efficacy are causally and reciprocally
related; their data supported the validity of the statements
“l believe therefore | achieve” (p. 136) as well as “| achieve
therefore | believe” (p. 137). Other features of active
learning practices can foster academic self-efficacy, such as
opportunities to watch peers succeed at a learning task (27)
and provision of feedback that highlights students’ learning
strategies and the causes of their successes and failures.
However, feedback can be harmful if it does not increase
understanding or if the student perceives a high level of
threat to their self-esteem (28).

Student perceptions are an important consideration
in the judicious use of active learning, as some evidence
shows that these practices may cause anxiety (29, 30). Stu-
dents identified social anxiety, fear of negatively impacting
their final grade, awkwardness, and finding others to work
with as reasons that active learning processes caused them
anxiety (29). Among common active learning practices,
cold calling (calling on students to answer a question rather
than asking for volunteers) is considered one of the most
anxiety-inducing, stemming from fear of not knowing the
answer, being judged negatively by peers and teachers, and
fear of public speaking (30, 31). After cold calling, students
often rate volunteering to answer a question, completing
worksheets, and responding to clicker questions as most-
to-least anxiety-inducing (29). The consequences of student
anxiety should not be underestimated, given the substantial
literature demonstrating that academic anxiety affects all
stages of the learning—testing cycle: planning and executing
learning tasks, completing evaluations, and reflecting on
performance (32, 33). Anxiety can be particularly detri-
mental for performance on evaluations and assignments
that require deep-level cognitive skills, such as critical
thinking and synthesis, over rote learning. Consistent with
this, anxiety stemming from fear of evaluation (test anxiety)
correlates negatively with markers of academic success,
including grades and SAT scores (34, 35). Furthermore,
heightened anxiety is associated with greater discomfort in
the classroom (36) and greater likelihood of dropping out
of a STEM program (37).

This negative impact of high anxiety on learning may be
particularly relevant to understanding the experiences of
first-generation students. In addition to experiencing more
stress and greater fear of failure, first-generation students
report a stronger sense of pressure to succeed to improve
the financial standing of their family and bring pride and
honor to their families (14, 20). Given these conditions,
it is important to know how first-generation students
perceive the introduction of active learning practices into
the classroom and whether their perceptions influence the
anticipated benefits of active learning practices on academic
self-efficacy and academic performance.

In this study, we asked first- and continuing-generation
students to rate a variety of active learning techniques in
terms of their capacity to invoke anxiety and their perceived
educational value. Participants were students enrolled
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in Human Anatomy and Physiology courses at two-year
community colleges. During the semester, their instruc-
tors introduced an active learning practice. We assessed
students’ level of social anxiety (or psychological distress
relating to the fear of negative evaluation by others) and aca-
demic self-efficacy at the beginning and end of the semester
and examined how these psychological variables related to
first- and continuing-generation students’ anticipated and
actual academic performance in their course.

METHOD

Participants

An initial pool of 330 student participants was drawn
from five different Human Anatomy and Physiology classes
taught at three separate community colleges. These colleges
were located in western and Midwest states, and student
populations at these institutions were majority white in
ethnicity (60% to 70%, [The Institute for College Access
& Success, https://college-insight.org/]). Class sizes ranged
from 29 to 90 students.

The instructors of these classes were themselves par-
ticipants in a larger study examining the adoption of active
learning at the community college level (38). Each instructor
had previously completed a one-credit graduate level course
in Educational Research and implemented a new evidence-
based teaching practice (think-pair-share, cooperative
quizzing, or muddiest point) into their classroom during
the semester. Before joining this larger study, instructors
had not completed formal training in pedagogical theories
underlying active learning. For all instructors, this was
the first time that they had introduced an evidence-based
teaching strategy with a formal, conscious intent to increase
active learning in their classrooms and measure its impact.
Throughout their participation in this larger study, instruc-
tors had virtual meetings with the other instructors and the
study’s primary investigators to discuss their experiences.

Student questionnaire

The complete questionnaire administered to students
is available in the Supplemental materials (Appendix I).
Students completed the same questionnaire at the begin-
ning and the end of the semester via online survey software
(Qualtrics).

We asked students to evaluate several active learning
practices in terms of how much anxiety they cause the stu-
dent to feel, on a scale from | (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 | (very little) to 5 (significantly).
These practices are listed in Appendix |. A core set of these
practices were included in all the questionnaires adminis-
tered in the classes (lecture; student response system alone;
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student response system in a team; volunteering to answer
a question; cold calling by instructor). In contrast, each of
the remaining practices was included in each instructor’s
questionnaire only when the practice had been used in their
classroom. As a result of this, the sample sizes reported in
the analyses of these ratings data vary across the practices.

We evaluated students’ self-reported academic self-
efficacy using a 10-item scale developed by Mcllroy and
colleagues (39). Students indicated their level of agreement
with statements such as “If | don’t understand an academic
problem, | persevere until | do” on a seven-point Likert
scale. After reverse scoring items, a total efficacy score was
calculated for each student by summing across the values
for all responses with a maximum possible score of 70.
Cronbach’s a analyses indicated good internal reliability of
this scale when administered at the beginning of term (a0 =
0.78) and at the end of term (o = 0.86).

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)
(40). This three-item self-report scale evaluates how much
an individual has been bothered in the past week by situa-
tions potentially involving social judgment. In response to
statements such as “l avoid activities in which | am the center
of attention,” students selected their response between
0 (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 dem-
onstrated good internal reliability when administered at the
beginning of term (Cronbach’s o = 0.83) and at the end of
term (o = 0.82).

Additionally, students were asked to report the fol-
lowing information: their anticipated final grade in the
course; current GPA; demographic characteristics including
whether they were the first in their family to attend college
(first-generation status), their identified gender, and their
ethnicity. With respect to gender, students were asked to
select among the following options: male, female, transgen-
dered man, transgendered woman, genderqueer, nonbinary,
other, or prefer not to say. Identified ethnicity was assessed
using the following categories: White, Black or African
American, American Indian or Alaska Native, Asian, Native
Hawaiian or Pacific Islander, other, or prefer not to say.

Questionnaires completed at the beginning and the end
of the term were linked for each student using either names
or date of birth, depending on the class. For the class using
student names, one of the lead researchers on this project
(who was not involved in the teaching of these students) was
responsible for adding course grades to students’ completed
questionnaire data and then deleting student names prior to
data analysis. 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.

The study was approved by the Institutional Review
Board of each participating community college.
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Data analyses

Analyses were conducted on data from 186 students
who entered a response of either yes or no in response
to the question regarding first-generation college student
status. Of a total sample N = 330, 144 students did not
enter any response to the “first generation” question, and
5 selected “unsure” or “I'd prefer not to answer.” These
149 students were not included in the analyses reported in
the Results section.

In this sample, only three participants selected a gender
identity category other than male or female. Because of this,
the original gender identity categories were collapsed into
male and female gender binary categories for the analyses
reported below. With respect to ethnicity, relatively
few students selected the categories American Indian or
Alaska Native, Asian, Native Hawaiian or Pacific Islander.
For the purposes of statistical analysis, these categories
were collapsed together with participants in the Black or
African American category to create a single “non-white”
ethnicity category. The distribution of first-generation col-
lege students versus continuing-generation on the basis of
binary gender and binary ethnicity was then tested using
chi-square analysis.

A series of independent sample t-tests was used to
compare first- and continuing-generation college students’
ratings of various teaching techniques for how much each
caused anxiety and how much each contributed to students’
learning. The resulting t statistics from these comparisons
were evaluated against a Bonferroni-corrected o level of
0.005. This approach was taken instead of using a mul-
tivariate analysis of variance to maximize the number of
ratings of each teaching technique available in the data set.

A factorial repeated measures analysis of variance
(ANOVA) was used to compare social anxiety levels at
the beginning and end of term with first-generation status
and ethnicity (white vs. non-white) as between-subjects
variables. Gender was not included as a between-subjects
variable in these analyses because of very small numbers of
male students in each of the first-generation status x gender
and ethnicity x gender cells. A second factorial repeated
measures ANOVA was carried out to evaluate change in
academic self-efficacy from the beginning to the end of
term, with first-generation status and ethnicity (white vs.
non-white) as between-subjects variables.

Finally, multiple linear regressions were carried out to
measure the predictive value of first-generation status, eth-
nicity (white versus non-white), and academic self-efficacy
for the outcome variables of anticipated final grade and
actual final grade received in the course. An o level of 0.05
was used for all statistical tests, except where noted to
adjust for multiple comparisons.

RESULTS

Sample characteristics

Of the 330 student participants drawn from five dif-
ferent classes who initially consented to participate in the
study, a sample of 186 respondents from three different
classes (representing two different community colleges)
answered yes or no regarding first-generation college
status. Table | presents the demographic characteristics
of this sample with respect to binary gender identity and
ethnicity. As shown, the majority of the sample identified
as female in both the first-generation (87%) and continuing-

TABLE |.
Sample characteristics (N = 186).

First Generation

Continuing Generation

Identified Gender, % (n)

Male 13 (10) 25 (27)
Female 87 (68) 75 (81)
Ethnicity, % (n)

White 47.4 (37) 80.6 (87)

Black 6.4 (5) 1.9 (2)

Native or Alaskan Native 2.6 (2) 0.9 (1)
Asian 15.4 (12) 8.3(9)

Native Hawaiian/Pacific Islander 2.6 (2) 0.9 (I
Other 25.6 (20) 6.5 (7)

Prefer Not to Say 0 (0) 0.9 (I
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generation (75%) groups. With respect to ethnicity, the
majority of the overall sample identified as white (67%).
After collapsing all ethnicity categories other than white into
a single “non-white” category, chi-square analysis indicated
that non-white students were significantly overrepresented
in the first-generation students (53% non-white) compared
with non-first-generation (19% non-white) (x> (1) =23.4,p <
0.001). For gender and ethnicity breakdowns for each of the
three classes sampled, refer to Supplementary tables [-3.

think-pair-share

Ratings of active learning practices for anxiety
provocation and contribution to learning

Figures | and 2 illustrate student ratings from the begin-
ning of term of how anxiety-inducing and educationally-
valuable active learning practices were, respectively. In
general, teaching techniques varied in how anxiety-inducing
they were perceived to be, with cold calling ranking among
the most and lecturing among the least. First-generation
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FIGURE I. First- and continuing-generation students’ ratings of the level of anxiety induced by various teaching
strategies. Mean ratings (+ SD) were taken at the beginning of the term.
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FIGURE 2. First- and continuing-generation students’ ratings of various teaching strategies for how much each
contributes to their learning. Mean ratings (+ SD) were taken at the beginning of the term.
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students tended to rate most techniques as more anxiety-
provoking than did their continuing-generation peers, with
cold calling (t (171) =2.95, p = 0.004, Cohen’s d = 0.445) and
volunteering to answer a question (t (179) = 3.06, p = 0.003,
d = 0.460) being rated as significantly more anxiety-pro-
voking by first-generation students (Bonferroni-corrected
threshold of 0.0045 for statistical significance). Ratings of
techniques for learning contribution value did not differ sig-
nificantly by generation status except for completing in-class
quizzes independently, which first-generation students rated
as contributing less to their learning compared with non-first
generation students (t (178) = -3.54, p = 0.001, d = 0.529).

Social anxiety and academic self-efficacy in first- and
continuing-generation students

We investigated whether the tendency for first-gener-
ation students to rate various teaching strategies as more
anxiety-provoking was associated with particular psycho-
logical characteristics. VWe examined levels of social anxiety
reported by participants, and Table 2 presents mean scores
on these measures taken at the beginning and end of the
semester (see Supplementary tables 6—8 for these scores
in each of the classes). Social anxiety levels between these
groups of students did not differ significantly. Social anxiety
levels did not change significantly from the start to the end
of the term, and this lack of change did not differ according
to first-generation status or ethnicity.

We also examined reported academic self-efficacy at
the beginning and end of the term. These scores are sum-
marized in Table 3 (see Supplementary tables 911 for these
scores in each of the classes). Students did not differ on this
measure as a function of first-generation status or ethnicity
at the beginning of term. By the end of term, however,
academic self-efficacy scores had declined significantly in
non-white students (F (I, 127) = 5.69, p = 0.02, partial eta?
= 0.043), with the greatest decrease occurring in first-gen-
eration non-white students. These results are represented
in Figure 3 as a change score in academic self-efficacy from
the beginning to the end of term.

Relationship of academic self-efficacy to anticipated
and actual academic performance

In view of previous findings that academic self-efficacy
is a predictor of academic performance, we next examined
whether reported academic self-efficacy showed any rela-
tionship with anticipated and actual final grade outcomes. In
both first- and continuing-generation students, the academic
self-efficacy score at the end of the term correlated posi-
tively with both anticipated grade [r (129) = 0.53, p <0.001]
and with final received grade in the course [r (129) = 0.70,
p < 0.001]. Multiple linear regression modeling with first-
generation status, ethnicity, and academic self-efficacy at the
end of term as predictors indicated that the academic self-
efficacy score significantly predicted students’ anticipated
final grade (Table 4; b —0.10 STE 0.02, 95% CI —0.07, —0.14;
t=6.73, p <0.00l, partial correlation = —0.51) and received
final grade (b 0.79 STE 0.08, 95% CI1 0.64, 0.94;t = 10.38, p
< 0.001, partial correlation = 0.69) (Table 5). Ethnicity was
also found to be a significant predictor of received final grade
in the course whereby non-white ethnicity was associated
with a lower grade (b —4.18 STE 1.80, 95% Cl -7.74, —0.62;
t=-2.33, p =0.02, partial correlation = —=0.21). In contrast,
first-generation status alone was not a significant predictor
of either outcome variable.

Taken together, our findings show that first-generation
college students perceived certain active learning techniques
as more anxiety-inducing than do continuing-generation stu-
dents. We also observed that non-white first-generation stu-
dents experienced a modest decline in academic self-efficacy
by the end of term, whereas white students showed little
change in this psychological state. Despite previous research
indicating that active learning practices are especially ben-
eficial to the academic performance of underrepresented
minorities in STEM, our findings are consistent with some
previous reports indicating that simply the introduction of

TABLE 2.
Total social anxiety score reported at the beginning and end of term (N = [31).
First Generation Continuing Generation
Total social anxiety SE (95% CI) Total social anxiety SE (95% CI)

+SD ) +SD )
White 5.77+3.42 0.56 (4.66, 6.88) 5.82+3.05 0.36 (5.11,6.54)
Beginning of term Non-white 6.75+3.48 0.52 (5.73,7.78) 5.30+3.26 0.75 (3.83,6.77)
White 5.33+3.42 0.74 (3.88,6.79) 5.39£3.65 0.47 (4.46,6.32)

End of term -

Non-white 7.09+3.44 0.64 (5.83,8.36) 4.69+4.05 0.90 (2.90, 6.47)

SD = standard deviation; SE = standard error; Cl = confidence interval.
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TABLE 3.

First Generation Continuing Generation
eaitency asp | SEOSRCY | SEICNG | SEOSRC)
White 47.6747.59 1.78 (44.14,51.20) 50.4248.92 .14 (48.17, 52.68)
Beginning of term Non-white 50.13+9.02 .55 (47.07,53.18) 51.199.11 2.19 (46.86,55.51)
White 49.6749.93 215 (45.12,53.92) |  49.92£10.55 | 1.37 (47.20,52.63)
End of term Non-white 45.47£10.16 | 1.55(41.78,49.15) | 49.81£12.02 | 2.63 (44.60,55.02)

SD = standard deviation; SE = standard error; Cl = confidence interval.

these practices into a classroom is not sufficient to achieve
this outcome (41). Additional factors may play an important
role in determining how effectively active learning can sup-
port equity in the classroom.

The finding that first-generation students were more
apprehensive about particular active learning practices is
an important nuance to our knowledge not only of how
students respond to these teaching strategies but also of
how to incorporate these practices effectively into STEM
teaching. Previous evidence has clearly shown that not all
active learning techniques are welcomed equally by students,
with practices such as cold calling rated as being especially
anxiety-provoking by many. In our sample, this and some
practices that involved a public or social interaction com-
ponent (e.g., volunteering to answer a question; clicker
question with another student) were rated as more anxiety-
inducing by all students and more so by first-generation

First generation

Self Efficacy change Score (end — beginning of term)

=

students. Importantly, this pattern also appeared to be
tied to students’ ethnic identity: in a class-by-class analysis,
the difference between first- and continuing-generation
students’ anxiety ratings of teaching practices was greatest
in the class with the largest proportion of non-white stu-
dents (see Supplementary tables 1-3 and Supplementary
figures 1-3).

Despite students’ apprehension toward various teaching
practices, the value of active learning for academic perfor-
mance has been shown repeatedly (2). It is worth noting
that, while much of the literature suggests that high anxiety
has a negative influence on learning, anxiety is not always
detrimental to student success. In fact, a moderate level of
arousal can improve cognitive performance and academic
outcomes (e.g., [42]). However, in our data, we observed
that first-generation students tended to perform more
poorly in their courses than their continuing-generation

Continuing generation

white ethnicity  mnon-white ethnicity

FIGURE 3. Mean change in academic self-efficacy score (+ SD) from the beginning to end of term, shown for first- and continuing-generation

students of white or non-white ethnicity.
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TABLE 4.
Multiple regression model, anticipated grade in the course.
b (95% CI) SE b B r,
Constant 8.36 (6.43,10.28) 0.97
First or continuing ~0.14 (~0.83,0.56) 0.35 ~0.03 ~0.03
generation
Total academic "
self-efficacy at end of term —0.10* (-0.14,-0.07) 0.02 -0.51 -0.51
Ethnicity 0.54 (-0.19, 1.26) 0.36 0.12 0.13
*p <0.001
R%? =0.30,F (3,127) = 17.88,p < 0.001
First or continuing generation coded as 0 = continuing, | = first. Ethnicity coded as 0 = white, | = non-white.

SE = standard error; Cl = confidence interval.

peers. Given that first-generation students rated some active
learning practices as more anxiety-inducing yet experienced
generally poorer academic outcomes, it would seem that
an additional degree of anxiety provoked by these practices
did not benefit these students.

In addition to bearing on academic performance, first-
generation students’ anxiety towards various teaching
practices may be important to consider in light of this demo-
graphic’s greater risk of dropping out. Interestingly, we have
observed that students tend to perceive less educational
value from teaching practices that they rate as anxiety-
provoking (manuscript under review). To the extent that a
student’s expectation of the educational value of a classroom
activity predicts how much one is willing to engage in that
activity, our data may suggest that first-generation students
are at a greater risk of disengaging from active learning
classrooms that incorporate practices that they perceive
as particularly anxiogenic. Coupled with previous evidence
that first-generation students report higher levels of stress
during their studies (36), potential risks of using particular
active learning practices could be an exacerbation of stress
levels and a reduction in these students’ commitment to
their studies.

Given this, the effective introduction of active learning
practices to a classroom may require some care on the part
of the instructor. Consistent with this idea, anxiety levels
of students in classrooms using active learning practices
vary according to class and instructor (31). In the present
study, instructors attempted their first formal use of active
learning strategies in their classrooms, and it is likely that
this newness of experience influenced how these instruc-
tors explained and implemented the strategy compared
with how instructors with more active learning experience
might have employed the same strategies (43). Instructor
behaviors such as approachability, greater clarity in teaching
style, and stronger communication skills have also been
found to play important roles in improving students’ emo-
tional responses to a classroom (44). Greater emphasis
on practicing these types of behaviors may thus help to
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reduce students’ perceptions of certain teaching practices
as anxiety-inducing and, in turn, foster a more equitable
classroom environment (45—47).

In addition to finding generation differences in students’
perceptions of classroom activities, notable differences
emerged between students in their academic self-efficacy
across time. Indeed, whereas white students did not differ
in academic self-efficacy from the beginning to the end of
term, non-white first-generation students decreased in
academic self-efficacy. This pattern appeared in each of the
three classes when examined individually (Supplementary
tables 7-9). This finding was striking given that each class-
room had implemented at least one active learning practice
during the term, thereby providing more opportunities for
mastery experiences to bolster self-efficacy. Indeed, the
results of Ballen and colleagues (8) suggest that the benefi-
cial effect of active learning in closing the achievement gap
for underrepresented minorities is due to an increase in
academic self-efficacy.

Taken together with previous research, our results
imply that particular conditions may need to be in place for
active learning practices to benefit the academic self-efficacy
and academic performance of underrepresented minorities
in STEM. For example, the “dosing” of active learning may
be an influential variable: some studies that have reported
a reduction of the achievement gap were done with the use
of multiple, frequent, and highly structured active learning
practices in the classroom (7, 8). Furthermore, the ways
in which these practices are carried out may be critical.
Best practices may include ensuring that all students’ early
experiences with active learning are scaffolded to promote
success and incorporate vicarious learning experiences
(watching others work on problems) with peer models who
the observer perceives as similar in characteristics to them.
This latter point speaks to previous findings in the literature
that allowing students to self-select working partners rather
than assigning partnerships is an important component of
supporting underrepresented minorities in active learning
STEM classrooms (48, 49).
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TABLE 5.
Multiple regression model, final grade in the course.
b (95% CI) SE b § rp
Constant 42.5 (32.87,52.23) 4.89
First or continuing
. 1.81 (—1.63,5.25) 1.74 0.07 0.10
generation
Total academic .
0.79** (0.64, 0.94) 0.08 0.67 0.69
self-efficacy at end of term
Ethnicity —4.18% (-7.74,-0.62) 1.80 —0.16 -0.21
*p <0.05
b <0.001
R? =0.52,F (3, 118) = 43.17,p < 0.001
First or continuing generation coded as 0 = continuing, | = first. Ethnicity coded as 0 = white, | = non-white.

SE = standard error; Cl = confidence interval.

Limitations

A primary limitation is the amount of attrition from
our sample: although a total of 330 students consented to
participate in our study, only 186 students reported whether
they were first- or continuing-generation students and were
included in the analyses reported here. Inspection of the
data from students who did not report their generation
status indicates that these students with unknown genera-
tion status reported higher levels of social anxiety and lower
academic self-efficacy than participants who disclosed being a
first-generation student (see Supplementary table 10). As our
questionnaire included the answer option of “| prefer not to
say,” it is difficult to interpret why some students did not answer
this question. Although this attrition may limit the robustness
of our results, we note that the pattern of findings we report
here is largely consistent with previous literature (18, 21).

It is also important to acknowledge that our results
are derived from only one semester of data collection. This
feature of our study design limits the strength of our con-
clusions because it is unclear whether the present findings
are replicable. As the data reported here were collected
from the first year of an ongoing multi-year study, we plan
to address this issue following completion of data collec-
tion from different classes. As a potential mitigation of the
concern for replicability in the present results, we note that
the current data set comprises results from three classes
in two community colleges that were located in different
geographic areas.

Within the sample of participants reporting their
generation status, another limitation is the demographic
make-up of our sample: students were primarily white in
ethnicity and female across the three classes sampled, which
limited both our statistical power to evaluate patterns in
non-white students (and precluded gender-related analyses)
and the generalizability of our findings. With respect to gen-
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eralizability, it would be of interest to determine whether
the perceptions of first-generation students, particularly
those of color, vary according to the demographic make-up
of the larger classroom environment. That is, would non-
white first-generation students rate various active learning
practices as more anxiety-inducing if the class make-up
was majority non-white? An examination of a subset of
our data from the class with the greatest ethnic diversity
(41% non-white) would suggest no. However, it would be of
interest to determine whether the patterns described here
also persist in a larger and more diverse sample. We plan
to collect more data from additional community colleges in
the coming year to allow us to undertake these analyses.
Additional limitations of our design include the variation
between classes in the types of active learning practices
implemented and consequent inter-instructor differences in
how active learning practices were introduced in their class-
rooms. We did not collect comprehensive data to evaluate
how active learning practices were applied in the classroom
(e.g., whether all students participated in the activities). As
such, it is not possible to draw strong conclusions from our
dataset regarding the conditions in which active learning
practices may or may not influence academic self-efficacy.

CONCLUSIONS

Our findings indicate that underrepresented minori-
ties in STEM may view some active learning techniques as
more threatening than do other student demographics, and
that use of active learning strategies does not by default
increase academic self-efficacy in STEM classrooms. These
results highlight the need for additional research into the
contextual variables that allow for active learning practices
to help close the achievement gap.
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