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ABSTRACT

Active learning increases student learning, engagement, and interest in STEM and
subsequently, the number and diversity of graduates. Yet, its adoption has been slow, partially
due to instructors’ concerns about student resistance. Consequently, researchers proposed
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explanation and facilitation instructional strategies designed to reduce this resistance. Using
surveys from 2-year and 4-year institutions including minority-serving institutions, we
investigate the relationship between students’ affective and behavioral responses to active
learning, instructors’ use of strategies, and active learning type. Analyses revealed low levels
of student resistance and significant relationships between both explanation and facilitation

strategy use and positive student responses.

Introduction
Active learning

Active learning, defined by Prince (2004) as “any
instructional method [used in the classroom] that
engages students in the learning process” (223), is a
learner-centered teaching practice that “engages stu-
dents in the hard, messy work of learning ... and ...
motivates students by giving them some control over
learning processes” (Weimer 2012, 1). It has been the
focus of educational research for decades, both in
K-12 settings (e.g., Boyer 2002, Harmin 1994) and
postsecondary education (Bonwell and Eison 1991,
Faust and Paulson 1998) and it is widely considered
a key principle for good instructional practices in
undergraduate education (Chickering and
Gamson 1987).

There are many forms of active learning (e.g.,
in-class problem solving, think-pair-share, and role
play) that can be classified in various ways. Here, we
use the Chi and Wylie (2014) interactive-constructiv
e-active-passive (ICAP) model to classify instructional
activities by their level of student engagement.
According to the ICAP model, passive instruction
occurs when students are oriented toward receiving
information from the instructor without directly doing

anything else, such as when listening to the instructor
lecture during class or watching the instructor demon-
strate how to solve problems. Active instruction occurs
when students individually engage in some form of
“overt motoric action or physical manipulation” with
the course content, such as taking verbatim notes
while the instructor solves a problem or underlining
text students deem to be important while reading.
Constructive instruction involves individuals generat-
ing new ideas beyond what was provided in the learn-
ing materials, as occurs when drawing concept maps,
asking or answering questions in class, or solving
problems individually during class. And finally, inter-
active instruction occurs when students dialogue
together with classmates, as when solving problems
in a group or discussing concepts with peers
during class.

An overwhelming body of literature documents the
benefits of instructors adopting active learning tech-
niques in their classrooms, including improved student
learning and performance in science, technology, engi-
neering, and math (STEM) disciplines (Freeman et al.
2014, Haak et al. 2011, Lucke, Dunn, and Christie
2017, Prince and Felder 2006). Further, the boosts to
student learning have been shown to increase as
instruction moves from passive to active to constructive

CONTACT Maura Borrego @ maura.borrego@utexas.edu @ Center for Engineering Education, The University of Texas at Austin, Austin, TX, USA.

© 2021 The Author(s). Published with license by Taylor and Francis Group, LLC

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/
licenses/by-nc-nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not

altered, transformed, or built upon in any way.



2 @ M. ANDREWS ET AL.

to interactive (Chi and Wylie 2014). Additionally, active
learning has been demonstrated to increase student
engagement and subsequently, interest in STEM
(Seymour and Hewitt 1997, Koch et al. 2017, Prince
2004, Smith et al. 2005, Lucke, Dunn, and Christie
2017), and it has been proven to be particularly effec-
tive for educating a diverse student body and increasing
student performance in STEM (Theobald et al. 2020).

However, despite the overwhelming evidence of the
benefits of active learning, the translation of this
research to classrooms has been slow (Jamieson and
Lohmann 2012, Dancy, Henderson, and Turpen 2016,
Hora, Ferrare, and Oleson 2012, National Research
Council 2012, Christie and de Graaff 2017), especially
in STEM, where the majority of classrooms are still
taught using lecture-based methods (Stains et al.
2018). The literature has identified several barriers to
instructors’ use of active learning, with fear of nega-
tive student responses being one of the most fre-
quently cited barriers (Prince et al. 2013, Felder and
Brent 1996, Finelli et al. 2014, Henderson and Dancy
2009). These concerns subsequently prevent the over-
whelming benefits of active learning techniques from
reaching as many students as possible (Stains et al.
2018, Borrego, Froyd, and Hall 2010).

Students’ responses to active learning

Students can respond to active learning in many ways,
such as showing open resistance, rushing through an
activity, or being deeply engaged, for example. Students’
responses can also vary by type of active learning. For
instance, some research has shown that working with
other students in a cooperative learning environment

Table 1. Student responses to active learning.

(i.e., engaging in inferactive instruction) may diminish
the value of active learning instruction (Machemer and
Crawford 2007) and generate student resistance (Lake
2001, Bacon, Stewart, and Silver 1999, Donohue and
Richards 2009). To better understand students’ responses
to active learning, we developed a conceptual framework
that integrates constructs from classroom engagement
(Fredricks, Blumenfeld, and Paris 2004), productive
engagement (Chasteen 2014), and resistance (Weimer
2002). We also include the concept of evaluation in our
framework because of the importance of end-of-term
student evaluations among STEM instructors.

In our framework (DeMonbrun et al. 2017), we
define two types of affective response (value and pos-
itivity) and three types of behavioral response (par-
ticipation, distraction, and evaluation) to active
learning (see Table 1). Value is a type of cognitive
engagement which reflects the degree to which stu-
dents see the activity as worthwhile; positivity is an
affective-emotional measure of engagement which
indicates how positive or negative students feel about
an activity; participation and distraction are measures
of behavioral engagement that indicate the extent to
which students do or do not participate and the extent
to which students distract themselves or their peers
during the learning process, respectively; and evalu-
ation is a measure of the way students rate the
instructor or course at the end of the term.

As we've applied our framework (summarized in
Finelli and Borrego 2020), we have found that, in fact,
students don't often respond negatively to active learn-
ing, despite instructors’ fears about student resistance.
In a systematic review of the literature about student
response to active learning (Shekhar et al. 2020), we

Response Examples
Value Students(s) felt the time used for the activities was beneficial.

Students(s) saw the value in the activities.

Students(s) felt the effort it took to do the activities was worthwhile.

Students(s) planned to give the instructor a lower course evaluation because of the activities.*
Positivity Students(s) enjoyed the activities.

Students(s) disliked the activities.*

Students(s) felt positively toward the instructor because of the activities.
Students(s) complained to other students about the activities.*
Students(s) felt the instructor had their best interests in mind when asking me to do the activities.

Participation

Students(s) tried their hardest to do a good job with the activities

Students(s) gave the activities minimal effort.*
Students(s) participated actively (or attempted to) in the activities.
Students(s) did not actually participate in the activities.*

Students(s) surfed the internet, checked social media, or did something else instead of doing the activities.

Distraction
Students(s) distracted their peers during the activities.
Students(s) pretended to participate in the activities.
Students(s) talked with classmates about other topics.
Students(s) rushed through the activities.

Evaluation Overall, the instructor was an excellent teacher.

Students(s) would recommend this instructor to other students.
Overall, this was an excellent course.

*Indicates a reverse coded item.



found that just 57 of 412 studies on active learning in
undergraduate STEM classrooms report any type of
negative response to active learning from students.
Further, through classroom observations (Nguyen et al.
2017, Shekhar et al. 2015), we found that students rarely
demonstrate the open resistance that instructors fear
most; rather, students more often exhibit passive resis-
tance by being distracted or talking to their neighbor
about something unrelated. And similarly, we find that
students’ responses to active learning are mostly positive
across surveys of nearly 1,500 undergraduate students
(Finelli et al. 2018, Andrews et al. 2020). Consistently
across these studies, students report that they saw value
in an activity when an instructor asked them to engage
in active learning, felt positively about it, participated,
and planned to evaluate the course/instructor highly;
congruently, they do not report that they were distracted.

Strategies to reduce student resistance

Still, concerns about student resistance remain a key
barrier to the adoption of active learning in post-
secondary classrooms, particularly beyond the 4-year,
primarily white institutions at which most prior stud-
ies have been conducted. Through literature synthesis
(Nguyen et al. 2021), interviews (Tharayil et al.
2018), and a prior study of 18 engineering courses
(Finelli et al. 2018), we have identified several strat-
egies instructors can use to increase engagement and
reduce student resistance during active learning.
These strategies can be grouped into two categories:
explanation, or the ways an instructor introduces the
activity and describes its purpose, and facilitation,

Table 2. Strategies instructors use to reduce student
resistance to active learning.

Strategy Examples

Explain what students are expected to do for
the activity;

Explain the purpose of the activity;

Discuss how the activity relates to student
learning;

Describe how the activity relates to graded
assignments;

Walk around the room to assist students with
the activity if needed;

Encourage students to engage with the
activity through demeanor, body language,
or interactions with students;

Approach students who are not participating
in the activity;

During the activity, invite students to ask
questions about it;

Give students points based on their
participation in the activity;

Lead a debrief or report-out as a whole class
following the activity;

Solicit feedback from students about how
the activity went;

Explanation

Facilitation
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how an instructor works to promote engagement and
keep the activity running smoothly. We list specific
examples of each type of strategy in Table 2.

In our prior work specific to the implementation of
these strategies in engineering classrooms, we have
shown that instructors’ use of both types of strategies
are correlated with higher participation and evaluation,
as well as less distraction (Finelli et al. 2018). Here, we
build upon prior work (e.g., Finelli et al. 2018, Andrews
et al. 2020) by using a larger, broader, and more diverse
sample; employing a stronger methodology which
accounts for variability attributable to instructors/class-
rooms; and by controlling for the type of active learning
used. Importantly, this study examines the question of
explanation and facilitation strategy efficacy in a larger
variety of institutional contexts (2-yvear, 4-year,
minority-serving institutions), across multiple STEM dis-
ciplines, and with more diverse student populations.

Research questions

Using data collected from instructor and student sur-
veys based on the same class period of STEM courses,
we seek to understand:

1. What are students’ affective and behavioral
responses (value, positivity, participation, dis-
traction, evaluation) to active learning?

2. What is the relationship between students’ per-
ception of their instructor’s use of strategies
(explanation, facilitation) and these responses?

3. What is the relationship between student
responses and the type of active learning (inter-
active, constructive, none) used?

In doing so, we expand upon prior understandings
of student resistance and strategies to reduce it in
STEM classrooms, using quantitative empirical meth-
ods and validated instruments.

Methods
Participant recruitment

We recruited instructors for this project via email, as
part of a broader study on active learning in under-
graduate STEM classrooms. Rather than use our typical
professional networks that would bias the sample toward
4-year, primarily white institutions, we used a geographic
sampling method to recruit participants from a wider
variety of institutions that would be more representative
of STEM undergraduate student populations. To identify
participants (n=48), we first compiled a list of all 2-year
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and 4-year institutions of higher education within 150
miles of our research teams in either Austin, TX, or
Eugene, OR, that offered at least one STEM degree pro-
gram. Here, we define STEM as including chemistry,
computer and information sciences, engineering, geo-
sciences, life sciences, materials research, mathematical
sciences, and physics/astronomy (United States
Government Accountability Office 2014).

Then, we accessed each institution’s public website
to identify a contact within each STEM department,
who was asked to distribute a recruitment letter to
fellow instructors and to consider applying themselves.
In most cases, an administrator (e.g., Department
Chair) was contacted; else, all listed STEM instructors
were contacted directly. Our recruitment materials,
sent via email, advertised an opportunity to participate
in classroom-based data collection; instructors were
eligible to participate in the study if they were teach-
ing a first- or second-year STEM course and planned
to use active learning in their classrooms. We obtained
approvals for all data collection protocols from the
local institutional review boards.

Data collection

To better understand STEM instructors’ and students’
attitudes and behaviors regarding active learning, we
administered online surveys to instructors and their
students. First, we asked instructors to identify a tar-
get class session in which they planned to use active
learning, and then we administered surveys immedi-
ately after that class session. We also asked instructors
to describe their activities during the target class ses-
sion. The instructor survey measured instructors’ atti-
tudes toward and use of active learning, strategies
used to reduce student resistance, and perceptions of
student behavior. The corresponding student survey
asked students to report their instructors’ teaching
practices, as well as students’ own attitudes and behav-
iors during the same target class session. A subset of
that data is examined here. Data collection took place
in in-person courses at 2-year and 4-year institutions
during the Fall of 2019 and Spring of 2020, before
the pandemic; the student and instructor surveys,
which were administered online, each refer to the
same class period of one course, during the middle
of each respective semester. Students and instructors
both had up to a week to respond to the survey.
Our analytical sample is comprised of n=48 instruc-
tors and their n=1,020 students. Instructors taught at
21 institutions across the United States, which are
mostly public and a nearly equal split of 2-year and
4-year institutions. Additionally, 10 of the institutions

in the sample are Minority-Serving Institutions (MSIs);
two of these institutions are Historically Black Colleges
and Universities (HBCUs) and eight are Hispanic
Serving Institutions (HSIs). Instructors represented a
variety of STEM departments and taught courses with
a breadth of class sizes, with reported enrollment rang-
ing from 10-200 students. An average of 26 students
per instructor responded to our survey.

Table 3 provides a characteristic overview of instruc-
tors (e.g., gender identity, STEM discipline) and their
institutions. Instructors were prompted to self-describe
their racial identity, to indicate whether they identified
as “Hispanic, Latinx or Chicanx” and were asked to
indicate their gender identity from six multiple-choice
options, with additional options to self-describe or select
prefer not to answer. Instructors reflect the national-level
racial and ethnic diversity of STEM instructors at 4-year
institutions (National Science Foundation, and National
Center for Science and Engineering Statistics 2019),
though our sample shows an overrepresentation of
instructors who identify as female. Of the STEM dis-
ciplines, Biology classrooms are the most represented
in this sample, with 13 of 21 instructors.

Additionally, Table 4 provides an overview of the
students in our sample. Like the instructors, students
were prompted to self-describe their racial identity,
to indicate whether they identified as “Hispanic,
Latinx or Chicanx” and were asked to indicate their
gender identity from six multiple-choice options, with
additional options to self-describe or select prefer not

Table 3. Instructor & institutional characteristics, n=48.

Instructors

Instructor Characteristics

Gender Identity n=48
Female 27
Male 20
Prefer not to Answer 1
Racial/Ethnic |dentity n=48
Asian 1
Black or African American 4
Hispanic or Latinx 1
White or Caucasian 30
Prefer not to Answer 2
Discipline n=48
Biology 13
Chemistry 6
Computer & Information Sciences 5
Engineering & Engineering Technology 7
Geo- & Environmental Sciences 3
Mathematical Sciences 8
Physics & Astronomy 5
Interdisciplinary 1
Institutional Characteristics n=21
Private 5
Public 16
2-year 9
4-year 12
MSls 10
Non-MSls 11




Table 4 . Student demographics, n=1,020.

Students
Gender Identity n=1,020
Female 437
Gender Nonconforming 6
Male 519
Something else fits better 2
Transgender 2
Unsure 4
Missing or prefer not to answer 50
Racial/Ethnic Identity
Asian 214
Black or African American 74
Hispanic or Latinx 156
Multiracial 46
Native Pacific Islander 3
White or Caucasian 427
Missing or prefer not to answer 100

to answer. Students of racial and ethnic backgrounds
which are underrepresented in STEM (defined by NSF
as: Black or African American, Hispanic or Latinx,
and American Indian or Alaskan Native) color com-
prise 27% of the sample, which is an overrepresenta-
tion compared to national-level statistics from 4-year
institutions (National Science Foundation, and
National Center for Science and Engineering Statistics
2019). Additionally, 51% of students in this sample
identify as male and 43% identify as female; here, we
see an underrepresentation of students who identify
as female (National Science Foundation, and National
Center for Science and Engineering Statistics 2019).

Instructor measures

Our instructor survey, administered via Qualtrics
immediately after the target class period, collected
data on eight validated metrics in three main catego-
ries: type of active learning, use of strategies to reduce
student resistance, and student responses, as detailed
in Tables 1 and 2 (Husman et al. 2020). First, instruc-
tors were prompted to think of and describe a specific
activity that they incorporated into class that day. Two
authors/researchers then coded these responses by
type of active learning, according to the ICAP frame-
work of cognitive engagement (Chi and Wylie 2014).
In this framework, student engagement is

Table 5. Interactive and constructive activity examples.
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characterized as interactive, constructive, active, or
passive. The key distinction between the first two
categories is that inferactive activities involve student
collaboration (e.g., discussion, consensus building,
brainstorming) whereas constructive activities consist
of students individually generating new information
beyond what is presented (e.g., minute papers, student
polls, etc.). In our dataset, 43 of 48 instructors used
active learning and provided enough detail about the
activity for coding; of these instances, 32 (75%) were
interactive, and 11 (25%) were constructive activities.
Examples of each from our instructor surveys are
detailed in Table 5.

Additionally, instructors were guided to reflect on
their use of explanation and facilitation strategies (see
Table 1) on ten-point Likert-type scales. Explanation
strategies, comprised of four items, emphasize how an
instructor can frame the purpose and the goal of the
activity. Facilitation strategies, comprised of seven items,
focus on how to better engage students in the activity.
We averaged instructor responses across all items within
factors to create a mean score for each measure.

Student measures
Student survey measures were adapted from the sur-
veys developed in our prior work and correspond
directly with the factors included on the instructor
survey (DeMonbrun et al. 2017). The online survey,
which took approximately ten minutes to complete,
was administered via Qualtrics immeadiately after the
target class period. Students were not obligated to
participate and were asked to indicate their consent
to do so at the beginning of the survey. Students were
not provided with a strict definition of active learning
before completing the survey; instead survey question
stems prompted students to “think about any activities
you engaged in as a part of this class period”
Students were first prompted to report instructors’
use of explanation and facilitation strategies (see Table
2) during a specifc class period. Then, students were
asked to report their own affective and behavioral
response to any active learning activies during the

Active learning type

Examples

Interactive

"The students assemble into their design teams and do economic calculations for an example problem.”

“Have students assess and discuss each others’ work after giving guidelines in a whole-class discussion.”
’| did a jig saw activity about enzymes and enzyme regulation. Students worked in base groups on a reading, then joined
expert groups to discuss and then went back to their base groups to teach the rest of their group their concept about

enzymes.”
Constructive

“| gave students 3" by 4" paper to write the distance and midpoint formulas and return the paper to me. | wanted to see
how many students can remember these formulas.”

“| used two today; 2-3 minute reflection on lecture topics discussed and a 1minute paper before and after lecture.”

"Stop lecture to let them think about a question.”
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specific class period, including their value, positivity,
participation, distraction, and evaluation of the instruc-
tor (see Table 1). All items were measured using a
seven-point Likert-type scale. Mirroring data process-
ing for instructor-level items, we averaged students’
responses across all items within factors to create a
mean score for each measure.

Statistical analyses

First, we calculated descriptive statistics of instructors’
and students’ responses on their respective surveys.
Then, due to the hierarchical nature of our data (i.e.,
students nested within classrooms), we used multilevel
modeling to predict students’ affective and behavioral
responses to active learning. We calculated variance
partition coefficients (VPC) from the null models,
which ranged from 0.08-0.25, indicating that this
method was appropriate. VPCs represent the portion
of variability in the dependent variable that is attrib-
utable to Level 2 (i.e., instructors), and estimates
above 0.05 indicate a multilevel model is appropriate
(Mehmetoglu and Jakobsen 2016). We wused
mixed-effects models, which give accurate estimates
of the fixed effects (i.e., strategies used) in the pres-
ence of correlated errors (i.e., random effects)
attributed to a data hierarchy (i.e., students within
classrooms) (Seltman 2012). This methodology, which
accounts for variation in the dependent variable both
between classrooms and within them, is more rigorous
and more appropriate for the data than methodologies
used in our prior work (e.g., Andrews et al. 2020).
Each student response (value, positivity, partici-
pation, distraction, evaluation) was modeled indi-
vidually, resulting in five total multilevel mixed
effects regression models, which controlled for the
fixed effects of (1) students’ perceptions of instruc-
tors’ use of explanation strategies, (2) students’ per-
ceptions of instructors’ use of facilitation strategies,
and (3) the type of active learning. Additionally,

the models account for the random effects of stu-
dents being clustered by instructor (n=48). Including
these random effects allows the model to control
for Level 2 aspects (i.e., instructors) that affect all
of the Level 1 subjects (i.e., students) similarly
within groups (i.e., classrooms). In preliminary anal-
yses, we also controlled for instructors’ report of
their own use of explanation and facilitation strat-
egies; however, these estimates were never statisti-
cally significant and were removed from our models.

Results

We present means, standard deviations, and correla-
tions of our measures in Table 6 and results of five
multilevel regression models predicting student
responses to active learning (value, positivity, partici-
pation, distraction, evaluation) in Table 7. Our analyses
reveal strong, positive, statistically significant relation-
ships between student affective and behavioral
responses to active learning and students’ perceptions
of their instructors’ use of both explanation and facil-
itation strategies to reduce student resistance. We find
little effect of the type of active learning used.

Table 6 shows the Pearson’s bivariate correlation
matrix; this test measures the strength and direction of
linear relationships between variables, where a correla-
tion of 1.00 indicates a perfectly linear, positive asso-
ciation. All correlation coefficients were less than 0.70,
(with one exception: value and positivity, 0.76) indicat-
ing the constructs do not overlap with one another at
a problematic level (Meyers, Gamst, and Guarino et al,,
2006); in general, correlations below 0.30 indicate weak
associations, between 0.30 and 0.50 indicate a moderate
association, and those greater than 0.50 indicate strong
associations. In addition, we report the means, standard
deviations, and alphas for each factor.

Generally, students perceived that instructors fre-
quently engaged in explanation and facilitation strat-
egies, with means of 591 and 5.55, respectively.

Table 6. Means, standard deviations, and correlations for student responses.

1 2 3 4 5 6 7
1. Value 1.00
2. Positivity 0.76 1.00
3. Participation 0.50 0.57 1.00
4. Distraction —-0.34 —0.42 -0.57 1.00
5. Evaluation 0.67 0.68 0.34 —-0.16 1.00
6. Explanation Strategy Use 0.60 0.61 0.42 -0.22 0.60 1.00
7. Facilitation Strategy Use 0.45 0.52 0.36 -0.18 0.50 0.65 1.00
Items 4 5 4 5 3 4 5
Reliability (a) 0.72 0.80 0.77 0.77 0.93 0.85 0.79
Mean 5.91 5.69 5.80 2.52 5.99 5.91 5.55
SD 1.02 1.07 1.03 1.21 1.24 1.03 1.1

All items are on a scale of 1-7.
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Table 7. Multilevel regression models predicting student responses, n=1,020.

Value Positivity Participation Distraction Evaluation

Fixed Effects

Explanation Strategy Use 0.50%** 0.47%% 0.37%** —0.21%%* 0.48%**
(0.03) (0.03) (0.04) (0.05) (0.04)

Facilitation Strategy Use 0.14%** 0.24%** 0.13%** —-0.05 0.33%**
(0.03) (0.03) (0.04) (0.33) (0.04)

Type of Active Learning’

Interactive -0.03 0.03 0.02 0.20 0.29
(0.14) (0.14) (0.16) (0.21) (0.22)

Constructive 0.11 0.26 0.19 0.02 0.49+
(0.16) (0.16) (0.18) (0.24) (0.25)

Random Effects

Instructor 0.03 0.04 0.04 0.09 0.03
(0.01) (0.02) (0.02) (0.03) (0.01)

Constant 2.16 1.50 3.23 3.75 2.32
(0.21)%* (0.21)%** (0.24)%=* (0.31)%** (0.33)%**

R-Squareds

Level 1 0.345 0.371 0.159 0.037 0.393

Level 2 0.774 0.686 0.424 0.223 0.348

Notes: +p <0.10, *p <0.05, **p <0.01, ***p <0.001. Standard errors are in parentheses. The reference group for active learning use is no activity.

Additionally, consistent with our prior work (e.g.,
Andrews et al. 2020), students report largely positive
affective and behavioral responses to active learning,
where students valued, liked and participated in the
activities; were seldom distracted; and planned to
evaluate their instructors highly at the end of the
course. Next, we present the results of five multilevel
regression models predicting student responses to
active learning (value, positivity, participation, distrac-
tion, evaluation) in Table 7.

Our models show strong, statistically significant rela-
tionships between students’ affective and behavioral
responses to active learning and students’ perceptions
of their instructors’ use of both explanation and facil-
itation strategies to reduce student resistance. With
instructors’ use of explanation strategies (Table 5, row
1), we see strong, significant, positive relationships with
students’ value, positivity, participation, and planned
evaluation of the instructor, with estimates between
0.31-0.50 on variables with a scale of 1-7; correspond-
ingly, explanation strategy use has a significant, negative
association with student distraction. Facilitation strate-
gies also have significant, positive associations with
student responses, but the strength of these associations
is weaker than explanation strategies. Facilitation strat-
egies are positively associated with students’ value, pos-
itivity, participation, and planned evaluation, with
estimates ranging between 0.13-0.33. Interestingly, facil-
itation strategies do not have a statistically significant
relationship with students’ level of distraction. Similarly,
we do not see any statistically significant associations
between the type of active learning utilized during the
target class session (interactive, constructive, or none).

While we find a clear pattern of statistically sig-
nificant, positive effects of instructors using both

explanation and facilitation strategies on student
responses, interestingly, the amount of variance in the
outcome accounted by the model itself varies between
each student response. For instance, R-squared esti-
mates of the model predicting students’ value indicate
that 35% of the Level 1 variance (i.e., variance in the
dependent variable due to student-level data) and 77%
of the Level 2 variance (i.e., variance in the dependent
variable due to instructor-level data) in the outcome
are accounted for by the model. However, R-squared
estimates for distraction account for only 4% and 22%
of Level 1 and Level 2 variance, respectively. This
implies that while use of explanation and facilitation
strategies is significantly associated with positive stu-
dent responses, there are other factors not captured
by this model that contribute to student distraction.

Discussion

This study extends earlier work examining students’
response to active learning in undergraduate STEM
classes (Andrews et al. 2020; Finelli et al. 2018) to
demonstrate the consistent efficacy of explanation
and facilitation strategies in reducing student resis-
tance across more STEM disciplines, 2-year institu-
tions, minority-serving institutions, and a more
racially and ethnically diverse sample of students.
The analytical methods also extend prior work by
employing multilevel modeling to take into account
variation in student response due to instructor and
classroom characteristics, exploring a broader range
of student response measures, and conducting a pre-
liminary investigation into how student response may
vary by active learning type. Our analyses reveal
strong, positive, statistically significant relationships



8 @ M. ANDREWS ET AL.

between student affective and behavioral responses
to active learning and students’ perceptions of their
instructors’ use of both explanation and facilitation
strategies to reduce student resistance. We found
little effect of the type of active learning used.

Positive student responses to active learning

Consistent with previous work (Andrews et al. 2020),
yet contrary to instructors’ concerns, we found little
evidence of student resistance to active learning in
our study population (Table 4). Students in these
active learning environments generally liked, valued,
and participated in the activities; seldom distracted
others; and often planned to evaluate their courses
and instructors highly at the end of the course. These
high levels of value, engagement, and positivity are
consistent with prior student-focused literature on
active learning in general (Lumpkin, Achen, and Dodd
2015), and in STEM specifically (Miller and Metz
2014, Smith and Cardaciotto 2011). Further, by
demonstrating this result across 2-year and
minority-serving institutions, our results lend support
to arguments for active learning strategies to reduce
achievement gaps (Theobald et al. 2020).

Previous research (Stains et al. 2018, Finelli et al.
2018, Hora, Ferrare, and Oleson 2012, Lucke, Dunn,
and Christie 2017, Smith and Cardaciotto 2011, Koch
et al. 2017) drew from predominantly white or mas-
ters and doctoral granting institutions and in many
cases examined fewer student responses; the current
analysis draws much more heavily from 2-year and
minority serving institutions. The consistency of our
findings related to student resistance levels through-
out a larger and more diverse group of students and
institutions should provide reassurance to instructors
who view student resistance as a barrier to adopting
active learning strategies. While individual students
may demonstrate resistance to active learning - and
we recognize that this in itself may deter some
instructors from adopting new methods - on average
students’ response to classroom activities is positive.

Impact of type of active learning

This analysis of how interactive and constructive
activities relate to students’ response to active learning
showed little variation of student response by active
learning type. Activities in which students worked
individually (i.e., constructive) rather than in small
groups (i.e., interactive) showed more positive student
response on average, but these differences were not

statistically significant. Given the documented educa-
tional benefits and strong arguments in support of
group activities’ potential to boost student learning
outcomes (Chi and Wylie 2014), we do not believe
that concerns related to greater distraction of students
during group activities or greater resistance to group
work should deter instructors from adopting collab-
orative forms of active learning. Instead, given that
differences by activity type were not statistically sig-
nificant, we encourage instructors to include both
interactive and constructive activities given their ben-
efits (Chi and Wylie 2014) and the lack of adverse
associations demonstrated here. We also advocate for
additional research exploring different student
responses by active learning type.

Strategies reducing student resistance

Perhaps our most relevant finding for both individual
instructors and faculty development personnel relates
to instructor strategies to reduce student resistance.
Our work finds significant positive correlations
between both explanation and facilitation strategies
and almost all measures of students’ affective and
behavioral response to active learning. In short,
instructors who take time to explain why they are
using active learning, provide clear instructions for
the activities, and engage with students during activ-
ities to encourage participation see more positive
student responses related to participation, value, pos-
itivity, and evaluation. It is important to note that
this finding was based on a diverse group of institu-
tions, including a significant number of 2-year col-
leges and minority serving institutions, and is
consistent with our previous research, supporting the
generalizability of these results across all U.S. post-
secondary contexts.

This research provides empirical evidence to sup-
port and quantify the strength of relationships sug-
gested but not frequently verified in previous literature.
Specifically, we demonstrate the degree to which
explanation and facilitation strategies account for vari-
ation in students’ response to active learning and
quantify the strength of the correlation between these
strategies and student response variables. The data
suggest that explanation strategies are generally even
more effective than facilitation strategies for reducing
student resistance; as instructors consider incorporat-
ing active learning into their classrooms, they should
focus first on effectively presenting and explaining
the activity in question, and second on facilitating
throughout the activity.



Interestingly, our models predict some attitudes and
behaviors better than others. Specifically, little variance
in students’ distraction or participation is explained by
our models, and instructors” use of facilitation strategies
did not have a statistically significant relationship to
distraction. While we still find positive associations
between strategy use and these behaviors, this finding
implies that instructional choices are not significantly
related to some student behaviors. In other words, this
might mean that some students will simply be distracted
during class (though not often, according to mean
responses in Table 4), and that distraction is neither
because instructors are using active learning nor because
they are not facilitating or explaining it well. Again, we
encourage instructors to implement active learning
despite their fears of negative student responses.

In all, our analyses have consistently shown rela-
tively low levels of student resistance to active learning
and positive correlations of student response with
instructors’ use of explanation and facilitation strate-
gies. While we believe that additional research should
continue to replicate these findings, there is clearly a
need for more nuanced research to examine how stu-
dent, instructor, and classroom characteristics influ-
ence both student response to active learning and the
degree to which instructor strategies influence this
response. We also consider our analysis of how active
learning type influences student resistance to be pre-
liminary and believe this deserves additional study.
Finally, the COVID-19 pandemic interrupted a ran-
domized control trial examining student resistance
and strategies to reduce that resistance; we hope to
complete that randomized control trial in the near
future to reduce potential bias in our current results.
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