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Abstract

Background: Active learning used in science, technology, engineering, and mathematics (STEM) courses has been
shown to improve student outcomes. Nevertheless, traditional lecture-orientated approaches endure in these
courses. The implementation of teaching practices is a result of many interrelated factors including disciplinary norms,
classroom context, and beliefs about learning. Although factors influencing uptake of active learning are known,

no study to date has had the statistical power to empirically test the relative association of these factors with active
learning when considered collectively. Prior studies have been limited to a single or small number of evaluated fac-
tors; in addition, such studies did not capture the nested nature of institutional contexts. We present the results of a
multi-institution, large-scale (N=2382 instructors; N= 1405 departments; N =749 institutions) survey-based study
in the United States to evaluate 17 malleable factors (i.e., influenceable and changeable) that are associated with the
amount of time an instructor spends lecturing, a proxy for implementation of active learning strategies, in introduc-
tory postsecondary chemistry, mathematics, and physics courses.

Results: Regression analyses, using multilevel modeling to account for the nested nature of the data, indicate several
evaluated contextual factors, personal factors, and teacher thinking factors were significantly associated with percent
of class time lecturing when controlling for other factors used in this study. Quantitative results corroborate prior
research in indicating that large class sizes are associated with increased percent time lecturing. Other contextual fac-
tors (e.g., classroom setup for small group work) and personal contexts (e.g., participation in scholarship of teaching
and learning activities) are associated with a decrease in percent time lecturing.

Conclusions: Given the malleable nature of the factors, we offer tangible implications for instructors and administra-
tors to influence the adoption of more active learning strategies in introductory STEM courses.

Keywords: Contextual factors, Personal factors, Beliefs about teaching, Institutional change, Undergraduate
education, Teaching practices, Evidence-based instructional practices, Chemistry, Mathematics, Physics

Introduction postsecondary (i.e., undergraduate) STEM courses (Free-

It is established that using active learning instructional
approaches (i.e., less time spent lecturing) are associated
with higher conceptual understanding and persistence in
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man et al., 2014; Lorenzo et al., 2006; Ruiz-Primo et al.,
2011; Springer et al., 1999; Theobald et al., 2020). This
result holds across a variety of class sizes, disciplines,
and levels (Freeman et al., 2014). Importantly, many stud-
ies on the use of active learning have also demonstrated
a reduction in achievement gaps for minoritized popu-
lations (i.e., low-income students or underrepresented
minorities) in STEM (Kogan & Laursen, 2014; Lorenzo
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et al., 2006; Theobald et al., 2020). In particular, active
learning has been shown to reduce achievement gaps in
exam scores by a third between minoritized groups and
non-minoritized groups, narrow gaps in passing rates
by nearly half (Theobald et al,, 2020), decrease failure
rates (as defined by the percentage of students receiv-
ing a D or F grade, or withdrawing from the course), and
increase achievement across all STEM disciplines when
compared to traditional lecture courses (Freeman et al,,
2014). Despite evidence of the benefit of active learn-
ing strategies (Ballen et al., 2017; Freeman et al., 2014;
Haak et al., 2011; Harris et al., 2020; Styers et al., 2018;
Theobald et al., 2020), observation-based studies have
confirmed that lecture-oriented pedagogical approaches
remain as significant components in most STEM courses
(Stains et al., 2018), which may be due in part to the lack
of departmental norms for using research-based instruc-
tional methods (Henderson & Dancy, 2007; Shadle et al.,
2017), faculty reward structures (Brownell & Tanner,
2012; Michael, 2007; Shadle et al., 2017), and student
resistance (Henderson & Dancy, 2007; Michael, 2007;
Shadle et al., 2017).

Prior work in understanding the adoption of active
learning strategies has strived towards identifying fac-
tors or has considered a single or small number of asso-
ciated factors. For example, studies have used faculty
discussions (Shadle et al., 2017), interviews (e.g., Hen-
derson & Dancy, 2007; Oleson & Hora, 2014), and survey
methodologies (e.g., Gibbons et al., 2018; Johnson et al.,
2019; Lund & Stains, 2015) to identify factors related to
the influence of pedagogical decisions; large class sizes,
fixed-seat classroom layouts, lack of pedagogical knowl-
edge in research-based instructional practices, and insuf-
ficient faculty assessment methods and processes have
all been reported as barriers to uptake of active learning
strategies. Lund and Stains (2015) explored departmen-
tal influences (e.g., perceived norms towards teaching)
and classroom influences (e.g., class size and layout) on
adopted pedagogies also finding that departments place
high expectations on research output and such classroom
elements further restrict instructor teaching. Studies by
Gibbons et al. (2018) and Popova et al. (2020) explored
the link between postsecondary instructors’ thinking and
enacted instructional practices, showing a connection
between the two. Later, Popova et al. (2021) found evi-
dence for the interconnectedness of instructors’ beliefs
about teaching and learning with personal (e.g., nature
and extent of instructors’ preparation and learning
efforts) and contextual factors (e.g., course, department,
and broader cultural contexts).

However, due to small sample sizes and lack of statis-
tical power, these studies could not empirically test the
relative association of these factors when considered all
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together with active learning. In addition, these studies
did not account for the nested nature of their institutional
contexts (i.e., instructors within departments within
institutions). Therefore, a large-scale, multidisciplinary
study of malleable factors (i.e., things that can be changed
and altered) related to adoption of such active learning
pedagogies in postsecondary STEM courses is needed to
complement the research literature and provide further
opportunity for actionable changes at instructor, depart-
ment, and institution levels.

The study reported herein focuses specifically on
instructors of introductory chemistry, mathematics,
and physics and the malleable factors that influence
their uptake of active learning practices as measured by
a proxy, i.e., percent time not lecturing. Specifically, we
use multilevel modeling to account for the nested nature
of our data by discipline and institution, and evaluate 17
factors situated within the three categories (i.e., contex-
tual factors, personal factors, and teacher thinking) as to
their relationship with reported percent time lecturing.
The teacher-centered systemic reform model (Gess-New-
some et al., 2003; Woodbury & Gess-Newsome, 2002)
suggests that factors within these categories are related
to enacted teaching practices. In the next section, we
describe this conceptual framework and detail the litera-
ture that report these 17 factors related to the adoption
of active learning.

Conceptual framework

Research on pedagogy adoption and colloquial anecdotes
about why instructors choose to enact active learning
pedagogies informed the selection of modeled factors in
our study. The teacher-centered systemic reform model
was developed from an exhaustive review of the literature
as a mechanism to understand the evolution of classroom
practices as a result of reform initiatives (Woodbury &
Gess-Newsome, 2002) and was later modified to bet-
ter reflect the nature of teaching in a university context
(Gess-Newsome et al., 2003). This framework is useful as
it considers the situational teaching contexts along with
an instructor’s educational influences and their beliefs
about teaching and learning all within a complex educa-
tional system.

Fundamentally, the TCSR framework is focused on
teacher change as the source of grander changes within
the larger institutional system. An instructor is the ulti-
mate authority of the enacted practices that occur in a
classroom and is aligned with the TCSR model’s theo-
retical underpinnings that instructors’ beliefs influence
their practices as embedded with a larger system, such
as in classrooms, departments, institutions, and disci-
plines (Woodbury & Gess-Newsome, 2002). This study
aims to quantify the extent that malleable factors have on
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the uptake of active learning and the TCSR framework is
best suited, since its focus is on the instructor and their
personal and teaching contexts which are the most mal-
leable along with nested contexts (i.e., instructors within
departments that are within institutions) in which teach-
ing reform occurs.

According to Gess-Newsome et al. (2003), the TCSR
model for a university context has three broad categories:
contextual factors, personal factors, and teacher thinking
factors. Situated within contextual factors are the broader
cultural context (e.g., teacher development and teaching
materials), school context (e.g., institution type, physi-
cal space, and technology), department and subject area
content (e.g., department and cultural norms and teach-
er’s class load), and classroom context (e.g., class size and
physical organization of the room). Situated within per-
sonal factors are instructors’ demographic profile, types
and years of teaching experience, and nature and extent
of teacher preparation and continued learning efforts.
Situated within teacher thinking factors are instruc-
tors’ sense of dissatisfaction with current practices; and
knowledge and beliefs about teachers and teachers’ roles,
students and learning, schooling and schools, and con-
tent being taught.

Extensive literature used to develop the TCSR model
aims at capturing as many of the intricacies that can be
situated under the broad factors that comprise the gen-
eral context of reform. Nevertheless, the framework does
not fully capture all of the complexities of higher educa-
tion institutions when the model was used to frame the
study reported herein. As a consequence of the litera-
ture review on malleable factors that affect pedagogical
change reported herein, our conceptualization of the
TCSR model necessitated further modifications. For
example, factors were found that necessitated inclusion
in our study as distinctly different from department con-
texts (e.g., discipline and cultural norms), such as tenure
status (e.g., non-tenure-track lecturers, tenure-track fac-
ulty, and tenured faculty), teaching load, and instructors’
teaching evaluation. It is crucial to delineate department
appointment expectations as a subcategory under contex-
tual factors apart from department contextual factors to
aid in accounting for the different department and insti-
tutional policies that differ with the distinct instructional
positions (e.g., lecturers versus tenure-track professors).
Higher education systems undergo gradual change and
theoretical frameworks on change theories need to be
explored and reevaluated in light of new research. Find-
ings since the original conceptualization necessitated
modification of the TCSR model with the ones we pre-
sent in this study.

Our study intends to evaluate the effects of malleable
factors related to adoption of active learning pedagogies
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when controlling for institutional and disciplinary dif-
ferences. Thus, non-malleable factors, such as race/
ethnicity, are not included. In addition, while this study
attempts to account for as many of the malleable fac-
tors reported in the literature, it is not possible to (1) ask
respondents about all possible aspects of the TCSR model
in a survey and (2) statistically test all factors that may be
present in graphical representations of the TCSR model
(cf. Gess-Newsome et al., 2003; Woodbury & Gess-New-
some, 2002); the associated sample size requisite for suf-
ficient statistical power grows with a larger number of
tested factors. To balance complexity and parsimony, we
include malleable factors found in the literature that have
been previously cited as barriers to implementation or
as reasons for uptake of active learning strategies. While
our study contains factors from all three broad categories
(i.e., contextual, personal, and teacher thinking) and all of
their subcategories, some factors identified in the model
(cf. Gess-Newsome et al., 2003) are either not malleable
(e.g., physical location and college president) or difficult
to quantify in a statistical model (e.g., instructor’s daily/
weekly schedule and student personal expectations).

In this study, we include malleable factors that have
been found and discussed in many and different STEM
fields as specific disciplines may lack literature in that
area. While STEM fields may show some disciplinary
differences, these factors can be assumed to affect all
STEM fields to some extent (Lund & Stains, 2015). In
the next sections, we describe the evidence-based factors
grounded in the literature that have been found to affect
the uptake of active learning under each of the three
broad categories in the TCSR model that were tested in
this study (see Fig. 1).

Contextual factors

Contextual barriers to instructional change have been
widely studied (e.g., Fairweather & Rhoads, 1995; Hora,
2012; Lund et al., 2015; Shadle et al., 2017; Stains et al.,
2018). In this study, three types of contextual factors
were explored: department characteristics, department
appointment expectations, and classroom contexts.

Department characteristics

Department characteristics that have been reported to be
associated with the adoption of active learning include:
(1) discipline (i.e., chemistry, mathematics, or physics)
and (2) the highest degree the department awards (i.e.,
associates, bachelor’s, or graduate). While these factors
are not malleable, they are included as control variables
for departmental characteristics when testing the asso-
ciation between malleable factors. It has been reported
that instructional practices differ between STEM disci-
plines (Fairweather & Rhoads, 1995; Hora & Anderson,
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Contextual Factors

Department

Personal Factors

—Research-based instructional practices

- Discipline
—Highest degree awarded

Department appointment expectations

% asastudent

— Scholarship of teaching and learning or
discipline-based educational research

—Teaching-focused coursework

— Teaching-related workshops

—Teaching load
—Tenure status
—Role of student evaluations

« —| Instructional Practices

—Teaching-related new faculty experiences

— Assessment of teaching performance

Classroom
—Class size
— Classroom setup

— Growth mindset

— Decision making authority <

Fig. 1 Conceptualization of the Teacher-Centered Systemic Reform (TCSR) model for change in higher education with control variables (discipline
and highest degree awarded) and malleable factors included in this study

- Satisfaction with student learning

2012; Lund et al,, 2015; Stains et al., 2018). Several stud-
ies have indicated that the balance between teaching and
research at one’s institution and department impact how
teaching is approached. The highest degree awarded in
the department has been shown to be a viable proxy for
the extent of focus a department places teaching versus
research (cf. Cox et al., 2011; Srinivasan et al., 2018).
For example, instructors that teach in departments with
graduate degree offerings are presumed to have a greater
focus on research than their counterparts in departments
with associate degree programs.

Department appointment expectations

Department appointment expectations that have been
reported to be associated with the adoption of active
learning include: (1) teaching load, (2) tenure status, (3)
the role of student evaluations, and (4) the role assess-
ment of teaching in review, promotion, or tenure. While
the department may have set teaching loads and stand-
ards for the role of student evaluations and assessment
of teaching performance in review, promotion, or tenure,
there is the possibility, especially in larger departments
with an array of teaching personnel, that evaluation may
be unique or differentiated by appointment.

Teaching load has been reported to be associated with
teaching practices, with higher teaching loads being
attributed to an instructor being pressed for time (Hora,
2012). Lack of available time devoted to teaching activi-
ties has the potential to result in a lack of innovative ped-
agogies. Henderson and Dancy (2007) noted that one of
the largest barriers reported by physics instructors was a
heavy teaching load. In this study, we separate teaching
load as a distinct factor from tenure status and institu-
tion type. From a broader view, teaching loads might be
an indicator of tenure status; for example, an instructor

with no opportunity for tenure (e.g., a lecturer or visit-
ing instructor) may have higher teaching loads. In addi-
tion, a teaching load could correlate with institution
type; an instructor at an institution with a larger teaching
focus (e.g., a primarily undergraduate institution; PUI)
may have a higher teaching load. However, upon further
inspection, different instructional positions can hold dif-
ferent tenure statuses and be at different institution types.
For example, a tenured professor at a PUI may have a
large teaching load or a lecturer at a large research-inten-
sive institution may have a high teaching load.

In this study, respondents are grouped into three
appointment categories: (1) no opportunity for tenure,
(2) tenure-track, and (3) and tenured. Tenure status has
been shown to have an association with the amount of
adoption of research-based instructional strategies (Lan-
drum et al,, 2017; Shadle et al, 2017). Those teaching
undergraduate STEM courses, especially those with the
privilege of obtaining tenure at research-intensive insti-
tutions, have the ability to identify as both an educator/
teacher and a researcher. Implementation of active learn-
ing strategies may more time consuming (Beatty et al,
2005; Drinkwater et al., 2014), thus, tenure-track and
tenured faculty members, in theory, have to weigh time
spent on teaching and research, among other responsibil-
ities. Fairweather (2008) reported that untenured faculty
members are least likely to be productive in both teach-
ing and research compared to being productive in either
teaching or research; therefore, tenure status is suggested
to be influential in instructional decisions. Landrum et al.
(2017) corroborates this idea and found significant differ-
ences in evidence-based instructional practice adoption
between tenure/tenure-track faculty and their non-ten-
ure-track counterparts, with the former reporting sig-
nificantly higher use of these practices. Being tenured can
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allow for more freedom and flexibility to use innovative
teaching methods (Hora, 2012).

Instructor’s perceived value of how their department
or institution values teaching, both in their assessment
of their teaching and from student evaluations, plays an
important role in the instructor’s role as a teacher; stud-
ies have reported that if it was the norm for instructors
in a department to integrate research-based methods
into their teaching then it was easier for others to do
so and that there is no uniform method of evaluating
and rewarding one’s teaching (e.g., Brownell & Tanner,
2012; Gess-Newsome et al., 2003; Henderson & Dancy,
2007; Hora & Anderson, 2012; Prosser & Trigwell, 1997;
Seymour et al,, 2011; Sturtevant & Wheeler, 2019; Wal-
czyk et al.,, 2007). Lund and Stains (2015) reported that
a substantial number of STEM instructors describe
departmental and tenure pressures as influential to their
teaching practices, while few faculty say student evalu-
ations of teaching influence their teaching approaches
(Erdmann et al., 2020). In a study of mathematics instruc-
tors, Johnson et al. (2018) reported that while the most
popular reason reported for not attempting instructional
change was a lack of time for course redesign, roughly
20% of respondents reported that they believed their
departments would not support them and that instruc-
tional change would not be valued in their annual review,
promotion, or tenure process.

Classroom contextual factors

Classroom contextual factors include characteristics of
the classroom learning environment that influence ped-
agogical decisions. Classroom contextual factors that
have been reported to be associated with the adoption of
active learning include: (1) class size, (2) classroom lay-
out, and (iii) decision making authority over instructional
choices.

Class size and classroom layout have been reported to
be influential and strong barriers to the implementation
of active learning strategies (e.g., Henderson & Dancy,
2007; Lund & Stains, 2015; Lund et al., 2015; Michael,
2007; Prosser & Trigwell, 1997; Shadle et al., 2017; Stur-
tevant & Wheeler, 2019). STEM instructors cite fac-
tors such as large class sizes (i.e., over 100 students) as
a reason why they have not chosen to adopt interac-
tive teaching methods (Hora & Anderson, 2012; Shadle
et al,, 2017). and is corroborated by a significant correla-
tion between class size and percent time spent lecturing
(Smith et al., 2014). However, fixed classroom layouts are
not prohibitive to enacting active learning pedagogies;
in an observation study by Lund et al. (2015), various
levels of student—student interactions (i.e., active learn-
ing) were observed in large classes taught in fixed-seat
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lecture halls. This may indicate that there is a relationship
between class size and classroom layout.

In a case study of doctoral degree granting institu-
tions, it was found that course coordination was one of
the seven features that contributed to successful calcu-
lus programs (Bressoud & Rasmussen, 2015; Rasmussen
et al., 2014). Rasmussen et al. (2019) reported that high-
quality active learning can be attributed, in part, by the
support systems that course coordination affords. Com-
munication channels, both formal and interpersonal, are
key to the diffusion of innovations (Rogers, 2003), for
example the dissemination of research-based instruc-
tional practices. In the context of adopting innovative
teaching practices, such communication could be facili-
tated through a course coordinator with positional and
personal instructional influence (Apkarian & Rasmussen,
2017; Bazett & Clough, 2021; Golnabi et al., 2021; Lane
etal.,, 2019).

By leveraging common tools and resources, encourag-
ing collaboration and shared objectives, and promoting
professional development, course coordinators can act as
change agents (Williams et al., 2021). Coordination can
catalyze community-building and collaboration between
instructors; information was also shared at department
meetings and retreats which led to meaning conversa-
tions centered around teaching (Bazett & Clough, 2021;
Williams et al., 2021). Visitors, instructors, teaching
assistants, adjuncts, and lecturers (VITAL; Levy, 2019)
that teach sections of coordinated mathematics courses
have access to course coordinators to discuss pedagogi-
cal approaches and active learning activities (Golnabi
et al,, 2021). In addition, coordinators of active learning
courses in mathematics have also been shown to utilize
local data (e.g., student performance data, grades in sub-
sequent courses, and student-generated data) to inform
curriculum and pedagogy (Martinez & Pilgrim, 2021).
In physics, co-teaching between a new instructor and an
experienced instructor that uses active learning showed
immediate uptake of these teaching practices by the new
instructor and a positive shift in their beliefs and inten-
tions of using these strategies in the future (Henderson
et al., 2009).

Personal factors

Personal factors include the nature and extent of teach-
ing preparation and experience, and teaching-related
training. Personal factors that have been reported to
be associated with adoption of active learning that
were explored in this study include: (1) experience with
research-based instructional strategies (RBIS) as a stu-
dent, (2) completion of teaching-focused coursework, (3)
participation in new faculty experiences or workshops,
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and (4) participation in scholarship of teaching (SOTL)
or discipline-based education research (DBER).

Previous experience with RBIS as a student impacts
instructional decisions (Lund & Stains, 2015; Oleson
& Hora, 2014). In a study of upper-division mathemat-
ics instructors, it was reported that, by far, the two most
influential factors on instructional practices were both
their experiences as a teacher and as a student (Fukawa-
Connelly et al., 2016). In interviews of STEM instructors,
many cite that knowledge regarding teaching explained
the selection of teaching techniques including active
learning strategies (Oleson & Hora, 2014). In a study of
biologists, chemists, and physicists, instructors who had
experienced RBIS as a student were more likely to imple-
ment RBIS in their own teaching (Lund & Stains, 2015).

In addition, instructors’ previous coursework, which
can be a part of their teacher preparation, influences
teaching decisions (Hora, 2012; Lotter et al., 2007; South-
erland et al, 2011a, 2011b; Windschitl & Sahl, 2002).
It has been reported that doctoral training influences
teaching approaches for some individuals (Hora, 2012;
Southerland et al., 2011a, 2011b), and more specifically,
university coursework also alters teaching pedagogy
(Windschitl & Sahl, 2002).

Dissemination of research-based instructional strat-
egies through new faculty experiences and workshops
have been reported to increase instructor awareness and
inclusion of these instructional strategies in many STEM
fields (e.g., Ebert-May et al, 2015; Henderson, 2008;
Stains et al., 2015). In particular, the chemistry education
community has introduced instructors to RBIS and advo-
cated for the adoption of RBIS through the Multi-Initi-
ative Dissemination Project workshops via four reform
projects: ChemConnections, Molecular Science, New
Traditions—now known as Process Oriented Guided
Inquiry Learning (POGIL), and Peer-Led Team Learn-
ing (cf. Burke et al., 2004; Landis et al., 1998; Peace et al.,
2002). More recently, the Cottrell Scholars Collaborative
New Faculty Workshop was established to prepare chem-
istry instructors at becoming teacher—scholars by engag-
ing with evidence-based teaching methods (Baker et al.,
2014; Stains et al., 2015). Other initiatives include the
Core Collaborators Workshops for biochemistry (Mur-
ray et al., 2011), POGIL workshops for physical chemis-
try laboratory (Stegall et al., 2016), and Active Learning
in Organic Chemistry workshops (Houseknecht et al.,
2020).

In the mathematics community, Project NEXT (New
Experiences in Teaching) and MathFest minicourses,
along with other workshops through the Mathemati-
cal Association of America are meant to disseminate
new teaching pedagogies. However, Fukawa-Connelly
et al. (2016) report that only very small percentages of
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workshop participants found them to be very influential
in their teaching and little importance were assigned to
these aforementioned workshops. In addition, instruc-
tors may participate in workshops through the Acad-
emy of Inquiry Based Learning to shape their teaching of
inquiry-based learning (Fukawa-Connelly et al., 2016).

Within the physics education community, a long-stand-
ing workshop spanning more than two decades has been
run for new physics and astronomy faculty to increase
awareness of RBIS (Henderson, 2008; Henderson et al.,
2012). In addition, these types of workshops that expand
awareness and utilization of RBIS have been established
in biology through the Faculty Institutes for Reform-
ing Science Teaching programs and National Academies
Summer Institutes on Undergraduate Education (Dert-
ing et al., 2016; Ebert-May et al., 2015; Handelsman et al.,
2004; Wood & Gentile, 2003).

It is the assumption that conducting or participating
in SOTL or DBER allow instructors use the knowledge
gained from that scholarly work to better their teaching
practices. While no study, to our knowledge, exists that
specifically explores the enacted instructional practices
of DBER instructors, SOTL and DBER are closely related
pursuits and participation in either will yield similar
changes (Henderson et al,, 2012). In a meta-analysis of
undergraduate STEM instructional practices (Henderson
et al,, 2011), instructor participation in SOTL has been
found to be associated with improvements in course and
program-level curricula.

Teacher thinking factors

Teacher thinking factors include an instructor’s beliefs
about teaching and level of dissatisfaction with their
current practices and student learning. Teacher think-
ing factors that have been reported to be associated with
the adoption of active learning that were explored in this
study include: (1) satisfaction with student learning and
(2) holding a growth mindset.

Erdmann et al. (2020) reported a small relation-
ship between the level of instructor dissatisfaction and
pedagogical revisions in a range of STEM disciplines
in a sample of primarily biology, chemistry, mathemat-
ics, and physics instructors. Teacher thinking has been
shown to bolster and hinder the use of new ideas and
technologies in constructing classroom and course
learning environment (Moore, 2002; Rogers, 2003).
Adoption of new teaching strategies begins with an
instructors’ dissatisfaction with the current instruction
or a belief that students learn better with strategies not
being currently utilized (e.g., Andrews & Lemons, 2015;
Bauer et al., 2013; Gess-Newsome et al., 2003; Gib-
bons et al., 2018; Lotter et al., 2007; Windschitl & Sahl,
2002). Pedagogical dissatisfaction is when an instructor
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realizes a misalignment of their instructional goals with
their instructional practice (Southerland et al., 2011a,
2011b). This disconnect between goals and practice can
result in a revision of teaching practice and the adop-
tion of new pedagogical strategies (Feldman, 2000).

Instructors’ mindset beliefs have been reported to
likely influence how their courses are structured (Rat-
tan et al,, 2012). A fixed or growth mindset is a belief
in the inflexibility or malleability, respectively, of a
human characteristic (e.g., intelligence; Dweck, 1999).
Holding a particular mindset, for example beliefs that
traits (e.g., student intelligence) are rigid and cannot be
changed (fixed mindset) or can be developed with time
and experience (growth mindset), is related to teaching
practice choices (Canning et al., 2019). In a longitudinal
study of STEM faculty, including chemistry, mathemat-
ics, and physics, who endorsed growth mindsets used
more motivating pedagogical practices (Canning et al.,
2019), which can include active learning strategies
(Armbruster et al.,, 2009; Prince, 2004; Springer et al.,
1999).

Holding a growth mindset has been reported to be
associated with the uptake of evidenced-based prac-
tices, such as active learning, in STEM faculty (Bathgate
et al, 2019). Instructors’ mindset beliefs were found to
be related to the adoption of active-learning practices in
biology; fixed mindset instructors taught using a teacher-
centered focus (e.g., lecturing) and growth mindset
instructors taught using a student-centered approach
(e.g., active learning; Aragdn et al., 2018). In mathemat-
ics, fixed mindsets were associated with using teaching
strategies that would reduce student engagement and
achievement (Rattan et al., 2012); in addition, growth
mindset beliefs were held by mathematics instructors
that were more willing to consider non-lecture pedago-
gies (Johnson et al., 2018). In observations of instructors
that teach introductory STEM courses, Ferrare (2019)
reported that instructors’ beliefs about student learning
were linked to certain instructional styles; for example,
instructors espousing fixed mindset beliefs were more
likely to teach using “chalk talks”

Interventions based on growth mindset have been
reported to be effective (e.g., Dweck, 1999; Dweck & Leg-
gett, 1988; Yeager, Romero, et al., 2016; Yeager, Walton,
et al., 2016). In addition, mindset interventions are gen-
eralizable and replicable (Bettinger et al., 2018; Yeager
et al.,, 2019). However, there have been some contest as
to their replicability (e.g., Bahnik & Vranka, 2017; Li &
Bates, 2017). An additional challenge comes from prac-
titioners’ misinterpretations of growth mindset and ways
to promote it (Dweck, 2019). While current research
efforts are underway to evaluate the applications of
growth mindset and interventions (McMahon et al,
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2019), the meta-analyses have shown effectiveness in stu-
dents (Sisk et al., 2018).

Framework conceptualization

The TCSR model is functional for understanding the
adoption of active learning strategies due to the inter-
connectedness of contextual factors, personal factors,
and teacher thinking factors along with the interactions
between them, when considering why particular teach-
ing practices are enacted in the classroom situated within
the larger institutional context. Work in STEM education
(e.g., Henderson & Dancy, 2007; Henderson et al., 2011;
Johnson et al., 2018, 2019; Lund & Stains, 2015; Oleson &
Hora, 2014; Shadle et al., 2017) corroborates these three
factors associated with adoption (or barriers to adop-
tion) of more active learning instruction: (1) contextual
factors, (2) personal factors, and (3) teacher thinking
factors. Figure 1 (see above) summarizes the malleable
factors included in this study situated within our concep-
tualization of the TCSR model.

Research question

The conceptual framework described informed the devel-
opment of the following research question we seek to
answer in this study:

To what extent are contextual factors, personal fac-
tors, and teacher thinking factors associated with
percent time lecturing in gateway chemistry, math-
ematics, and physics courses when controlling for all
other factors and accounting for the nested nature of
the data (i.e., instructors within departments within
institutions)?

Methods

We employed survey methodology and used quantitative
approaches to answer the research question. Quantita-
tive analysis of the data included multilevel modeling to
account for the nested structure of the data (i.e., instruc-
tors within departments within institutions). Below,
survey development and the nature of the participants
included in this study is first described. Then, the mul-
tilevel modeling methods are described along with the
specific malleable factors (i.e., variables) evaluated in this
study.

Survey development

The survey instrument from which specific items are
used in this study was developed and informed by pre-
vious large-scale studies in postsecondary chemistry
(Gibbons et al., 2018; Lund & Stains, 2015; Stains et al.,
2018), mathematics (Apkarian et al., 2019; Johnson
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et al.,, 2018), and physics (Henderson & Dancy, 2009;
Wialter, Henderson, et al., 2016; Walter et al., 2021). The
full survey asked instructors about five main topics: (1)
course context, (2) instructional practices, (3) aware-
ness and usage of active learning instructional tech-
niques, (4) perceptions, beliefs, and attitudes related to
students, learning, and departmental context, and (5)
personal demographics and experience. Where applica-
ble, previous instruments and scales with reliability and
validity evidence were used (e.g., mindset: Dweck et al.,
1995). Single-item constructs in the survey show con-
tent and face validity with expert review. Our interpre-
tation of the survey results in this study is the inherent
consequential validity that is presented in the Discus-
sion. Survey items used in this study are detailed in
Additional file 1: Table S1.

Participants

A database was constructed of instructors teaching
postsecondary introductory chemistry, mathemat-
ics, and physics in the United States (.., =18,337).
Instructors in this database were identified through
stratified random sampling based on institution
type; the goal was to create a representative sam-
ple of institution types: 2-year institutions (i.e.,
associate degree-granting, 4-year institutions (i.e.,
bachelor’s degree-granting), and universities (i.e., grad-
uate degree-granting). All instructors at each of the
selected institutions teaching the targeted introductory
level courses were added to the database and invited to
participate in the study.

The database includes 9404 instructors at 4-year
institutions (including bachelor’s and graduate degree-
granting institutions) in the United States that had
conferred at least one bachelor’s degree in all three dis-
ciplines (chemistry, mathematics, and physics) between
2011 and 2016 as recorded by the National Center for
Education Statistics’ Integrated Postsecondary Edu-
cation Data System. In addition, the database also
includes 8,933 instructors at 2-year institutions in the
United States that offer all three of the courses. Con-
tact information for these instructors (n,,,,,=18,337)
was compiled by the American Institute of Physics
Statistical Research Center using publicly accessible
online information and through communication with
department chairs at the target institutions. Poten-
tial survey respondents needed to have taught general
chemistry, single-variable calculus, or quantitative-
based introductory physics as the primary instructor
in 2 years prior to data collection (i.e., in the 2017-18
and/or 2018-19 academic year); in addition, the survey
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respondents had to have not taught the course exclu-
sively online.

Data collection

Data were collected via the custom-built survey, as
described above, was overseen by the American Institute
of Physics Statistical Research Center between March
2019 and May 2019; the survey was open for 58 days.
Data were collected in accordance with the Western
Michigan University Institutional Review Board applica-
tion no. 17-06-10 approved June 20, 2017, with informed
consent obtained digitally. Instructors were sent up to
four email notifications: (1) an announcement about
the survey, (2) an invitation to participate, and (3 & 4)
up to two follow-up invitation emails. A small number
of instructors were contacted via follow-up phone calls
(N=603) from the American Institute of Physics Sta-
tistical Research Center asking them to complete the
survey; instructors were prioritized from institutions,
where there were two of the three disciplines already rep-
resented to have a data set with representation from all
three disciplines.

Respondents included 3769 instructors (20.5% unit
response rate) comprised of 2670 instructors at 4-year
institutions and 1099 instructors at 2-year institutions;
respondents included 1244 chemistry, 1349 mathematics,
and 1176 physics instructors. In total, 1387 respondents
were listwise deleted from the study described herein,
because they did not answer all the survey items used
in the construction of the multilevel models. The study
sample thus included 2382 instructors from 1405 depart-
ments at 749 institutions for which complete data were
collected for the survey items used in this study. The
study sample included 795 chemistry, 778 mathemat-
ics, and 809 physics instructors with 1764 instructors at
4-year and 618 instructors at 2-year institutions.

Multilevel models

A three-level model was used to evaluate the impact
of malleable factors on amount lecturing in introduc-
tory courses in chemistry, mathematics, and physics
to account for the nested structure of the data. In this
model, instructors (level 1) can be thought of being
nested within departments (level 2) which are nested
within institutions (level 3). Instructors may, therefore,
be affected by grouping effects at the department and
institution levels; this violates the independence of obser-
vations assumption required by traditional ordinary least
squares regression techniques but can be accounted for
in multilevel regression models (Raudenbush & Bryk,
2002; Snijders & Bosker, 2012; Theobald, 2018). If this
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nested nature of the data is not accounted for, then data
may be analyzed at one level with conclusions drawn at
another level; this phenomenon is known as an ecologi-
cal fallacy (Robinson, 1950). Several studies advocate
for this specific three-level model (Porter & Umbach,
2001; Smart & Umbach, 2007) and other studies imple-
ment variations of this nesting model to align with their
research questions (e.g., Marsh et al, 2002; Smeby &
Try, 2005; Sonnert et al., 2007). Descriptive statistics
for instructor- and department-level factors are given
in Additional file 1: Tables S2 and S3, respectively. Cor-
relations among instructor- and department-level fac-
tors are reported in Additional file 1: Tables S4 and S5,
respectively. Variance inflation factors (VIF), reported in
Additional file 1: Table S6, are well under the suggested
cutoff value of 10 and thus do not indicate multicollinear-
ity between predictor variables (Myers, 1990).

Models were constructed using the Ime4 package (Bates
et al, 2015) in RStudio version 1.2.5033 (R Core Team,
2019) using the full maximum likelihood estimation method
due to the large sample size (N=2382 respondents). The
ImerTest package was used to obtain p values for fixed
effects (Kuznetsova et al., 2017). T tests used the Satterth-
waite approximations for degrees of freedom. An iterative
model building process was used by adding and subtracting
predictor factors using statistical tests for model compari-
son to obtain the reported model. Models were compared
using theory, fit statistics (i.e., deviance), statistical tests (i.e.,
X’ tests), and explained variances. Raudenbuch and Bryk
notation (2002) is used to describe the multilevel models.
The complete final model is reported in Eq. 1.

LECTUREU]( =000 + Boo1CHEM; + Boo2PHYS; + BoosBACH;
+ /3()04GRAD]' + 1100SIZE; + m200ROOM;
+ 7300SIZE; x ROOM; + 7400 DECISION;
+ 7500LOAD; + 7600 TENURED;
+ 1700 TENURETRACK; + 7800SET;
+ w900ATP; + w1000RBIS; + 71100SOTL;
+ 71200 TFC; + 71300 WKSP;
~+ m1400NFE; + 71500 GROWTH;
+ 71600SATISFACTION;
(1)
Effect sizes indicate the magnitude of the relation-
ship between a predictor variable and the outcome vari-
able. Typically, effect sizes are used as a standardized
measure for the comparison of effects within a study or
between studies. However, there is no consensus method
for calculating effect size in multilevel models (Lorah,
2018; Selya et al., 2012). Cohen’s f* is advantageous as it
is compatible with the nested nature of the data and will
be calculated as a measure of local fixed effect sizes and
global effect size (Cohen, 1988). Local effect size is the
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proportion of explained variance by a given effect rela-
tive to the proportion of the unexplained outcome (i.e.,
percent lecturing) variance, whereas global effect size is
the proportion of explained variance by all effects rela-
tive to the proportion of the unexplained outcome vari-
ance (Lorah, 2018; Selya et al,, 2012). Random effect sizes
are related to the intraclass correlation coefficient (ICC),
which is the proportion of variance in the outcome
accounted for by a level in a multilevel model and is,
therefore, a measure of strength of association between
level membership (department or institution) and the
outcome (Lorah, 2018). The ICC represents and effect
size index as the magnitude of the association can be
interpreted analogously to a correlation coefficient (Sni-
jders & Bosker, 2012).

Explanation of variables

Table 1 includes all factors used in the multilevel model
and their coding. In the final multilevel model (Eq. 1),
LECTURE; is the overall percent lecturing for an
instructor i in department j within institution k. Sub-
scripts i and j correspond to variables that apply to
individual instructors or their departments, respec-
tively. In the final multilevel model, y,,, represents the
overall mean intercept, 3, through f,,, represent the
department-level (level 2) predictor coefficients, and 7,
through ¢, represent the instructor-level (level 1) pre-
dictor coefficients.

In the custom-built survey, the item corresponding
to class size (“What was the approximate enrollment in
a typical lecture section?”) featured text entry for the
response. As a result, this resulted in a range of entry for-
mats from specific values to ranges. In addition, we do
not expect instructors to make meaningful instructional
decisions based on the exact number of students enrolled
in a lecture section (e.g., 32 vs. 33 students), we opted to
use bins for the class size variable. The Common Data
Set Initiative (n.d.), which is used by U.S. News & World
Report rankings, uses well-known bins for class sizes:
2-19, 20-29, 30-39, 40-59, 60-99, and 100 or more stu-
dents. The bins allow for a more interpretable multilevel
coefficient versus the value for a single individual student
in a class (i.e., class size as a continuous variable). For
these reasons, binning of the class size variable was cho-
sen to better inform pedagogical decisions.

Results

We report, herein, the results of a national survey on
instructional practices (i.e., percent time lecturing) in
introductory, gateway chemistry, mathematics, and
physics courses (ie., general chemistry, single-variable
calculus, and introductory quantitative physics). These
gateway courses have long been identified as a cause for
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Table 1 Factors used in the final multilevel model and their coding
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Factor

Coding

Dependent variable
LECTURE: Overall percent lecturing

Department characteristics
CHEM: Chemistry (reference group: math)
PHYS: Physics (reference group: math)

BACH: Bachelor’s degree is highest offered by department (reference
group: associate degree)

GRAD: Graduate degree is highest offered by department (reference
group: associate degree)

Department appointment expectations
LOAD: Teaching load

TENURE: Tenured instructor (reference group: no opportunity to earn
tenure)

TENURETRACK: Tenure-track instructor (reference group: no opportu-
nity to earn tenure)

SET: Role of student evaluation of teaching in review, promotion, or
tenure compared to other measures

APT: Role of assessment of teaching performance in review, promotion,
or tenure compared to other measures

Classroom contextual
SIZE: Class size

ROOM: Classroom setup
SIZE x ROOM: Class size x classroom setup interaction effect
DECISION: Decision making authority

Personal factors
RBIS: Had been in a course as a student that had used RBIS

SOTL: Conducts scholarship of teaching and learning or discipline-
based education research

TFC: Has taken teaching-focused coursework at the undergraduate,
graduate, or postdoctoral level

WKSP: Has participated in teaching-related workshops

NFE: Has participated in teaching-related new faculty experiences
Teacher thinking

GROWTH: Degree of holding a growth mindset by the instructor

SATISFACTION: Instructor’s level of satisfaction with student learning

The overall percent of time during regular class meetings that students
spend listening to the instructor lecture or solve problems

0=no, 1 =yes
0=no, 1 =yes
0=no, 1 =yes

0=no, 1 =yes

0=no, 1 =yes

0=no, 1 =yes

0=not used, 1 =less weight, 2= equal weight, 3 =more weight, 4=only
used
0=not used, 1 =not influential, 2=somewhat influential, 3 =influential,

4 =very influential

—2=2-19,—1=20-29,0=30-39,+1=40-59,4+2=60-99,4+3=100+5
tudents?

0=fixed seats, 1 =allows for group work
Interaction effect of class size and classroom setup with coding used above

0=respondent has sole decision-making authority, 1 =is in collaboration
with others to make decisions

0=no, 1 =yes
0=no, 1 =yes

0=no, 1 =yes

0=no, 1 =yes
0=no, 1 =yes

—2.5=fixed mindset to +2.5 = growth mindset®
—2=very dissatisfied to +2 = very satisfied”

2 Grand-median centered at 30-39 students. ®Average of three items on a six-point Likert scale from 1 to 6 that describe fixed mindset (Dweck et al., 1995); items were
reverse coded to represent increasing growth mindset and centered at the middle of the scale. “The single item was answered on a five-point Likert scale from 1 (very

dissatisfied) to 5 (very satisfied); values were centered at middle of the scale

students not completing STEM degrees (Koch, 2017;
Seymour & Hewitt, 1997; Seymour & Hunter, 2019). Data
were collected and modeled based on the nested nature
of departments and institutions from which the 2382
respondents were sampled.

A multilevel regression model was constructed to
evaluate the association of malleable factors with per-
cent lecturing in introductory chemistry, mathematics,
and physics courses. Data were modeled by department
and institution to account for the lack of independence

of observations at these levels: instructors (i, level 1)
were nested within departments (j, level 2) nested within
institutions (k, level 3). The unconditional model has
an ICC of 0.13 for level 2 (department) and an ICC of
0.11 for level 3 (institution); thus~13% of variability in
the dependent variable (i.e., percent time lecturing) is
accounted by nesting observations at the department
level and ~11% of variability in the outcome variable by
nesting at the institution level. When more than 10%
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Table 2 Factors in explaining percent lecturing in introductory chemistry, mathematics, and physics courses

Estimate SE p Cohen’s £ (size)?

Intercept 82.66 2.78 <0.001

Chemistry 0.34 1.25 0.789 <0.01 (n)
Physics —4.30 1.20 <0.001 <0.01 (n)
Bachelor’s program 0.95 143 0.505 <0.01 (n)
Graduate program 1.56 163 0.340 <0.01 (n)
Teaching load —0.08 0.45 0.855 <0.01 (n)
Tenured faculty 047 112 0.671 <0.01 (n)
Tenure-track faculty —1.18 144 0414 <0.01 (n)
Student evaluation of teaching —041 047 0.391 <0.01 (n)
Assessment of teaching performance —0.04 0.55 0.939 <0.01 (n)
Class size 1.14 0.50 0.021 <0.01 (n)
Classroom setup —10.71 1.08 <0.001 0.05 (s)
Class size x classroom setup —-1.17 0.67 0.080 <0.01 (n)
Decision making —4.60 1.34 <0.001 <0.01 (n)
RBIS use as a student —383 1.31 0.003 <0.01 (n)
Scholarship of teaching and learning —8.56 0.96 <0.001 0.03 (s)
Teaching-focused coursework —3.22 0.97 <0.001 <0.01 (n)
Teaching-related workshops —8.24 1.59 <0.001 <0.01 (n)
Teaching-related new faculty experiences —4.69 1.14 <0.001 <0.01 (n)
Growth mindset —3.08 0.41 <0.001 0.02 (s)
Satisfaction with student learning —1.17 0.67 0.080 <0.01 (n)

2 Cohen’s (1992) £ effect size: < 0.02 = negligible (n); > 0.02 = small (s);> 0.15 = medium (m); > 0.35=large (|)

of variance occurs between levels, a multilevel model is
appropriate (Tai et al., 2005).

Seventeen factors—ten contextual, five personal, and
two teacher thinking—were examined (see full model in
Table 2); 10% of respondent-level, 68% of department-
level, and 52% of institutional-level variances (analogous
to R? in multiple regression) were accounted for in the
full model. In addition, all the factors considered in the
full model collectively explained 22% of the variance in
the data; when all factors are accounted for in the full
model, there is a medium to large global effect size with
Cohen’s £=0.28 (Cohen, 1992). The full model inter-
cept (i.e., 82.66) represents the percent time lecturing
reported by an instructor in a mathematics department
that awards an associate degree as the highest degree
(i.e., reference instructor) at zero (or the median value)
for all other evaluated factors (see “Methods”). All mul-
tilevel regression coefficients for an individual factor
are reported with all other factors held constant, with
the exception of the single reported interaction effect
between class size and classroom setup.

This model is visualized in Fig. 2; the regression is plot-
ted with the intercept at 82.66 with multilevel regression
coefficients below the intercept showing a decrease in
percent lecturing and estimates above the intercept indi-
cating an increase in percent lecturing. For scaled factors,

estimates for each scale point is shown. Multilevel regres-
sion coefficients indicate the strength of the relationship
between a predictor variable and the outcome variable
(i-e., percent lecturing) when all other predictor variables
are accounted for and held constant.

Department characteristics factors

Department characteristics factors evaluated in this
model include discipline and highest degree awarded by
department.

Academic discipline (i.e., chemistry, mathematics,
physics) is evaluated with mathematics as reference:
Holding all other evaluated variables constant, percent
time lecturing for instructors from chemistry depart-
ments (8;=0.34, p>0.05, f<0.01) is not statistically dif-
ferent from instructors in mathematics departments;
percent time lecturing for instructors from phys-
ics departments is 4.30% less (p<0.001, £#<0.01) than
instructors from mathematics departments.

Highest degree awarded by the department is evaluated
with an associate degree as the highest degree awarded
as reference: Holding all other evaluated variables con-
stant, average percent time lecturing for instructors in
departments awarding as the highest degree bachelor’s
degrees (3;=0.95, p>0.05, £<0.01) or graduate degrees

(B;=1.56, p>0.05, f<0.01) are not statistically different
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Fig. 2 Comparative association of variables with percent time lecturing: A Department characteristics, personal factors, and teacher thinking. B
Classroom contextual factors and department appointment expectations. The line at 82.66 represents the intercept of the model

from instructors in departments awarding associate
degrees and its highest degree.

Department appointment expectations
Department appointment expectations evaluated in this
model include teaching load, tenure status, and perceived
professional review and reward structure factors.
Teaching load and tenure status are evaluated:
Teaching load is non-significant, negatively associ-
ated with percent time lecturing (17;=—0.08, p>0.05,
f<0.01). In addition, tenure-status is evaluated (“not
in a tenure-track position” is the reference): Changes
in percent time lecturing for instructors in a tenure-
track position (7;=0.47, p > 0.05, f2<0.01) or in a ten-
ured position (7;=-1.18, p>0.05, £ <0.01) are not
statistically from instructors without opportunity for
tenure.

Perceived role of assessment of teaching perfor-
mance in review, promotion, and tenure is evaluated:
A non-significant, negligible decrease in percent time
lecturing (77;=—-0.41, p>0.05, f<0.01) is associated
with increases in the role of student evaluations of
teaching in evaluating teaching performance. In addi-
tion, a non-significant, negligible decrease in percent
time lecturing (ﬂj=—0.04, p>0.05, £<0.01) is asso-
ciated with an increase in the perceived role overall
assessment of teaching performance matters in deci-
sions of review, promotion, and tenure.

Classroom contextual factors

Classroom contextual factors evaluated in this model
include class size, physical layout, and course administra-
tion (i.e., involvement in decision making).
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Physical space, including maximum number of stu-
dents for a given classroom, and configuration and type
of furniture, are evaluated: A positive, small increase in
percent time lecturing is associated with larger course
sizes (ﬂ]: 1.14, p=0.021, f2<0.01). A large decrease
in percent time lecturing is associated with classroom
spaces conducive to group work (7;=—10.71, p<0.001,
£=0.05, small effect). There is a non-significant, small
interaction effect between course size and classroom
setup (7;=—1.17, p> 0.05, f<0.01); this interaction effect
essentially cancels out fluctuations in course size for
classrooms spaces conducive to group work.

The primary decision maker for course instructional
methods is evaluated: A significant decrease in percent
time lecturing (7;=—4.60, p<0.001, £<0.01) is associ-
ated with courses in which decisions are made primarily
by the instructor in conjunction with at least one addi-
tional instructor of the department.

Personal factors

Instructor’s personal factors evaluated in this model
include prior experience in courses taught with research-
based instructional strategies, participation in SOTL or
DBER, and also involvement in pedagogical professional
development.

Experience as a student in courses taught with
research-based instructional strategies is evaluated: Such
experience is associated with a significant decrease in
percent time lecturing (77;=— 3.38, p< 0.01, £<0.01).

Participation in SOTL or conducting DBER is evalu-
ated: A significant decrease in percent time lecturing
(ﬂ]: —8.56, p<0.001, #=0.03, small effect) is associated
with such engagement.

Participation in teaching-related professional develop-
ment experiences is evaluated: A significant decrease in
percent time lecturing (7; = —3.22, p<0.001, f*<0.01)
is associated with participation in teaching-focused
coursework at the undergraduate, graduate, or postdoc-
toral levels. A significant decrease in percent time lec-
turing (7,=—8.24, p<0.001, £<0.01) is associated with
participation in teaching-focused workshops includ-
ing half-day to multiple day workshops and attending
teaching-focused conferences. A significant decrease in
percent time lecturing (77;= —4.69, p<0.001, £<0.01) is
associated with participation in teaching-related new fac-
ulty experiences internal or external to the respondent’s
institution.

Teacher thinking factors

Teacher thinking factors evaluated in this model include
holding a growth mindset and satisfaction with student
learning.
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Growth mindset (i.e., the belief that ability can be
developed) is evaluated: A significant decrease in per-
cent time lecturing (7;= —3.08, p<0.001, £=0.02, small
effect) is associated with an increase in growth mindset.
Satisfaction with student learning is evaluated: A non-
significant decrease in percent time lecturing (77;=—1.17,
p>0.05, f<0.01) is associated with increased satisfaction
with student learning.

Discussion

Six themes emerged from our multilevel regression
model results that are associated with decreased percent
time lecturing, at the instructor-level, when all other fac-
tors are held constant: (1) classroom spaces conducive
to group work, (2) shared decision making on instruc-
tional methods, (3) participation as a student in courses
utilizing research-based instructional strategies, (4) par-
ticipation in teaching-related professional development
experiences, (5) participation in scholarship of teaching
and learning and discipline-based education research,
and (6) espousing a growth mindset.

Only malleable factors are considered and interpreted
in this Discussion as only these factors can lead to tan-
gible implications for institutions and potential actions
to support the adoption of more engaging instructional
practices. In addition, these malleable factors have tan-
gible implications for professional organizations and
communities of practice to support transformation and
reform efforts. Therefore, we do not consider depart-
ment-level factors (e.g., discipline and highest degree
awarded) as these cannot be changed; it is not practical
for instructors to abandon their disciplinary training and
switch to a new STEM field or take up a new position at
a different institution for the sake of enacting more active
learning practices.

Classroom spaces

Instructors consistently indicate that large class sizes,
coupled with fixed-seating classroom layouts (i.e., lecture
halls with bolted seats to the floor), are not conducive
to interactions between students and make it difficult to
implement research-based instructional strategies (Gess-
Newsome et al., 2003; Henderson & Dancy, 2007; Hora,
2012; Lund & Stains, 2015). Studies routinely show that
smaller-sized classes held in spaces that allow for active
learning (e.g., moveable tables or desks) are associated
with implementation of more student-centered teaching
methods (Cotner et al., 2013; Lund & Stains, 2015; Sha-
dle et al.,, 2017). Our findings corroborate these studies
indicating that class size and classroom spaces matter,
with the latter having a large, significant association with
decreased percent time lecturing.
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These findings beg the question: “If we build it, will
they come?” Or more pointedly, “If classrooms spaces are
built or renovated to be more conducive to group work,
will instructors implement more active-learning peda-
gogies in courses taught in such spaces?” The underly-
ing ambiguity is: what is the cause and what is the effect?
Our results can be interpreted that the space catalyzes
implementation of non-lecture-based pedagogies. Some
evidence indicates that building a classroom for active
learning increases the like likelihood for such intended
purposes, because it motivates and encourages instruc-
tors to try active learning pedagogies (Foote et al., 2016).
Conversely, our results could be interpreted in such a way
that instructors wanting to use pedagogies that are more
easily implemented in classroom spaces conducive to
group work seek out and request to teach in such spaces.
Having a decided active learning classroom increases
the sustainability of active learning implementations
as it takes effort to undue significant structural change
because of the buy in and support of many individuals,
including instructors and administrators (Knaub et al.,
2016). Both causal explanations are only possible if such
classroom spaces exist and are available. Regardless, we
argue that such classrooms spaces should be advocated
for and built regardless of the cause—effect relationship.

There are resources readily available for designing
classroom spaces that promote implementation of active
learning pedagogies: One such example is SCALE-UP
(Student-Centered Active Learning Environment with
Upside-down Pedagogies) which aims to reform teach-
ing practices by manufacturing physical changes to the
classroom layout that in turn minimize lecture (Knaub
et al., 2016; SCALE-UP, 2011). SCALE-UP has demon-
strated improvements in students’ problem-solving abili-
ties, conceptual understanding, attitudes toward science,
retention in introductory courses, and later performance
in subsequent courses in chemistry, mathematics, and
physics; studies have also shown a reduction in failure
rates, especially for women and minoritized students in
SCALE-UP classrooms (Beichner, 2008; Beichner et al.,
2007). In addition, FLEXspace® (Flexible Learning Envi-
ronments Exchange space) is a tool that supports com-
munities of experts, practitioners, and institutional
decision makers to improve active learning space plan-
ning, design, and implementation (FLEXspace, 2018).

Shared decision on instructional methods

Introductory courses in chemistry, mathematics, and
physics are typically large enrollment courses, even
at smaller sized institutions (Koch, 2017; Seymour &
Hewitt, 1997; Seymour & Hunter, 2019). We define
“large” to be considered relative to other upper level
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courses within a given institution. Irrespective of insti-
tution size, though, typically large enrollment courses
are divided into smaller classes (i.e., sections). It is com-
mon for more than one instructor to be teaching the
set of sections for a given course. The degree of coordi-
nation of these sections can vary from complete inde-
pendence (including different textbooks and syllabi) to
complete coordination, wherein all aspects of the course
are common across sections including examinations and
instructional practices (Apkarian & Kirin, 2017). Deci-
sion making authority for aspects of the course may lie
with the individual instructor or with a committee. Our
findings suggest that when an instructor shares decision
making authority with one or more instructors on the
instructional methods used, that such coordination is
associated with less time lecturing.

Decisions on teaching methods are best when done as
a team. A recent study revealed that instructors at three
research-intensive universities who use innovative teach-
ing practices preferentially interact with other users due
to their similar teaching values (Lane et al.,, 2020). As
Lane et al. (2020) note, co-teaching and teaching teams
can encourage the interaction between instructors of
different teaching practices (Henderson et al., 2009).
Instructors that have experience in implementing active
learning strategies should collaborate or co-teach with
non-users to assist in the uptake of these pedagogies
(Gess-Newsome et al., 2003; Henderson & Dancy, 2007;
Henderson et al., 2009). Instructors state that it is easier
to integrate research-based methods if other instructors
are implementing new methods at the same time (Foote
et al, 2016; Henderson & Dancy, 2007); implementa-
tion requires supportive departmental and institutional
mentors (Henderson & Dancy, 2007; Shadle et al., 2017).
Coordinating a course across multiple class sections
is a possible route to execute this change and offers an
opportunity for instructional support outside of formal
avenues of professional development (Apkarian et al,
2019; Golnabi et al., 2021; Henderson et al., 2009; Mar-
tinez & Pilgrim, 2021; Williams et al., 2021).

We advocate for course coordination to encourage
the exchange of ideas and experience among instructors
as means to reduce the time constraints and uncertain-
ties of implementing new instructional practices (Shadle
et al.,, 2017). As lack of time has been previously noted
as a barrier for the implementation of new teaching
pedagogies (e.g., Brownell & Tanner, 2012; Henderson &
Dancy, 2007; Lund & Stains, 2015), the appointment of
course coordinators with long-term roles would provide
necessary and ample time to support implementation of
active learning pedagogies (Rasmussen & Ellis, 2015).
In addition, co-teaching can be used in cases of a two-
section course, where one instructor is experienced in
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the implementation of active learning strategies (Hender-
son et al., 2009). Course coordinators can discuss RBIS
implementation with instructors in the teaching team
(Golnabi et al., 2021) and others at department meetings
(Bazett & Clough, 2021; Williams et al., 2021) to facilitate
conversation around active learning uptake.

Experience as a student in a course using research-based
instructional strategies

It has been reported that teaching methods experienced
by STEM instructors when they were students influence
their current teaching practices (Fukawa-Connelly et al.,
2016; Lund & Stains, 2015; Oleson & Hora, 2014). Prior
classroom experiences as an instructor, professional
development programs, and interactions with other
instructors are also influential in teaching pedagogies
(Oleson & Hora, 2014). Our results corroborate these
findings with experiences of RBIS as a student aligning
with lower reported percent time lecturing.

A continual cycle of future instructors (i.e., current
undergraduate and graduate students) using active learn-
ing strategies can pave the way for an effective, lon-
gitudinal, and sustainable method for implementing
pedagogical reform supported the results of this study
and the notion that previous experiences a student influ-
ence present teaching pedagogies practices (Fukawa-
Connelly et al,, 2016; Lund & Stains, 2015; Oleson &
Hora, 2014). For this to succeed though, current instruc-
tors need to be made aware of and be willing to imple-
ment RBIS. Active learning pedagogies used in today’s
classrooms will influence future instructors.

Participation in teaching-related professional
development

Our findings show that instructors who have taken teach-
ing-focused coursework, participated in teaching-related
workshops, or teaching-related new faculty experiences
report a lower percentage time lecturing than instructors
who have not engaged in these opportunities. Centers
for teaching and learning and professional organizations
(e.g., the American Chemical Society, the Mathematical
Association of America, and the American Physical Soci-
ety) provide opportunities for instructors, in addition to
graduate students and postdoctoral scholars, to partici-
pate in professional development workshops. Teaching-
focused workshops are shown to be effective in informing
teaching decisions (Henderson et al,, 2011; Oleson &
Hora, 2014). In addition, some centers for teaching and
learning now provide structured for-credit teaching-
focused coursework independently or in collaboration
with colleges of education. Topics of these professional
development opportunities range from discipline-spe-
cific pedagogical training to teaching and learning theory,
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effective pedagogical practices, and design of instruc-
tional materials (cf. Coppola, 2016; Gardner & Jones,
2011; Wheeler et al,, 2017; Wyse et al., 2014). Although
few instructors receive pedagogical training as a part of
their graduate programs, STEM instructors who have
received training were found to more likely to have refer-
enced sources of instructional innovation (Walczyk et al.,
2007). While most professional development programs
focus on new or early-career faculty and instructors, pro-
grams should also be developed for and tailored to those
at mid-career or late-stages (Austin & Sorcinelli, 2013),
and institutionalized and sustained professional develop-
ment is necessary for lasting pedagogical change (Borda
et al.,, 2020; Henderson et al., 2011).

In addition to pedagogical training, centers for teach-
ing and learning can provide practical assistance to all
instructors in their active learning endeavors. These cent-
ers can also sponsor communities of practice for instruc-
tors to discuss their teaching practices and instructional
projects, which have also been shown to increase use
of RBIS and transfer knowledge between disciplines to
enhance instruction (Benabentos et al., 2020; Dancy
et al,, 2019; Henderson et al., 2017; Pelletreau et al., 2018;
Tomkin et al., 2019); for adopters of active learning peda-
gogies, participation in a community of practice has been
shown to have greater use of student-centered practices
(Benabentos et al., 2020). If these centers for teaching
and learning do exist, we propose that centers are given
sufficient resources to achieve their goals. A common
reason why these centers are under-utilized is because
center staff, while experts in education, may not have
broad disciplinary expertise; to increase credibility, cent-
ers for teaching and learning should incorporate more
discipline-specific skills training and hire more persons
with a broad spectrum of DBER experience (Pelletreau
et al.,, 2018; Seymour et al.,, 2011). At institutions, where
centers are not financially feasible, peer-coaching may be
a useful form of professional development (Desimone &
Pak, 2017); instructors can observe one another’s teach-
ing and provide feedback and discuss teaching methods
(Gormally et al., 2014; Smith et al., 2014).

Dissemination of RBIS through new faculty experi-
ences has been shown to increase instructor awareness
and inclusion of these instructional strategies in biology
(Derting et al., 2016; Ebert-May et al., 2015; Handelsman
et al, 2004; Wood & Gentile, 2003), chemistry (Baker
et al., 2014; Houseknecht et al., 2020; Murray et al., 2011;
Stains et al., 2015; Stegall et al., 2016), and physics (Hen-
derson, 2008; Henderson et al., 2012). Institutions may
require, or highly incentivize, participation in these pro-
fessional development experiences for all new instruc-
tors, or through tenure and promotion requirements
(Bathgate et al., 2019a, 2019b; Seymour et al., 2011).
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Institutions can also help sustain implementation of RBIS
through, at the very minimum highly incentive, programs
designed for mid- and late-stage instructors (Austin &
Sorcinelli, 2013; Borda et al., 2020).

Scholarship of teaching and learning or discipline-based
education research

Conducting or participating in SOTL or DBER had the
largest impact on reducing the percent time teaching of
all non-contextual factors in our study. In an analytical
review of literature on undergraduate STEM practices,
Henderson et al. (2011) noted that engagement in SOTL
is a means for developing reflective educators. Instruc-
tors that engaged in STEM education research were
found to use more student-centered instructional prac-
tices (Benabentos et al., 2020; Dancy et al., 2019; Hen-
derson et al.,, 2017; Pelletreau et al., 2018; Tomkin et al.,
2019). This is corroborated by our findings that par-
ticipation in SOTL is associated with adoption of more
active learning pedagogies. Thus, instructors should
be encouraged to engage and be recognized for SOTL,
and by extension, DBER work (Henderson et al., 2012).
Institutions should encourage and reward instructors for
their efforts in SOTL and treat it as a valuable scholarly
outlet (Walczyk et al., 2007). Collaborative projects with
education scholars, both discipline-based and within
colleges of education, can serve to catalyze purposeful
investigation of teaching and learning in STEM courses
(Dancy et al., 2019; Oleson & Hora, 2014; Shadle et al.,
2017). In addition, collaborative SOTL projects between
instructors and graduate students enrolled in future fac-
ulty programs provide an additional pathway for involv-
ing current and future educators in teaching-oriented
scholarship (e.g., Coppola, 2016), which would give both
short- and long-term benefits to individuals and the field.

Holding a growth mindset

Our results suggest that growth mindset beliefs are asso-
ciated with a reduction in the amount of time spent lec-
turing. Instructors of different identities (i.e., gender and
race/ethnicity) and experiences (i.e., teaching experience
and tenure status) across multiple STEM disciplines have
been found to espouse fixed mindsets (Canning et al,
2019). This is problematic such that fixed mindsets may
make stereotype threats more evident and concern-
ing; stereotyped stigmatized students have been shown
to experience more anxiety, lower sense of belonging,
and become less interested (Bian et al., 2018; Emerson
& Murphy, 2015). In addition, instructors holding fixed
mindsets may inhibit the pursual of graduate-level edu-
cation by women and minoritized students (Leslie et al.,
2015). Fixed mindsets are malleable and large-scale stud-
ies have shown that more of a growth mindset can be
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developed (e.g., Broda et al., 2018; Yeager & Dweck, 2012;
Yeager, Romero, et al., 2016; Yeager, Walton, et al., 2016),
although do not yet know the effect that growth mindset
interventions have on the implementation of active learn-
ing (Aragén et al., 2018).

Studies have shown that instructors’ growth mindsets
have the potential to improve student learning as well
as address equity in the classroom (e.g., Canning et al,
2019; Gasiewski et al., 2012; Leslie et al., 2015; T. Smith
et al., 2018). Safe environments promote engagement;
students felt more comfortable asking questions when
instructors held a growth mindset, which is exempli-
fied by their feeling that a too rudimentary question was
nonexistent (Gasiewski et al., 2012). Instructor feedback
can communicate their mindset beliefs; students that
received growth mindset comments themselves moved
toward more growth mindset beliefs and scored higher
on a summative assessment than their counterparts who
received fixed mindset comments (Smith et al., 2018).
This is advantageous as growth mindsets have been asso-
ciated with higher achievement in students (e.g., Black-
well et al.,, 2007; Burnette et al., 2013; Yeager & Dweck,
2012; Yeager et al., 2019). Thus, professional develop-
ment activities including dissemination of active learning
pedagogies, teaching assistant training, and new faculty
experiences should include a component on beliefs about
teaching and learning. These training and experiences
should aim to make instructors aware of how their mind-
set influences the culture in their classes and student
motivation and achievement (Canning et al., 2019).

Non-significant factors

Several factors are not statistically significant in explain-
ing variability in percent time lecturing. These factors
include teaching load, tenure status, student evaluations
of teaching, assessment of teaching performance, and
satisfaction with student learning.

The insignificance of teaching load and tenure status
potentially indicates that instructors have a high work
expectation that is irrespective of the division of time
between teaching and research; in other words, instruc-
tors are busy. We know that current incentives are lack-
ing and there is a limited focus on teaching in annual and
merit reviews for faculty members to enact research-
based instructional strategies (Lund & Stains, 2015; Sha-
dle et al., 2017). When the association between percent
time lecturing and the importance of student evalua-
tions of teaching or the role of teaching performance
in reviews are considered without controlling for other
predictors, a significant, but small association has been
found (Apkarian et al., 2021); this suggests that there may
be a more nuanced relationship between instructional
practices and evaluations of teaching performance than
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what is reported in the study reported herein. Nonethe-
less, departmental and institutional pressures or incen-
tives can become more influential if a larger emphasis
is placed on the assessment of teaching performance in
annual, tenure, or promotion evaluations (Lund & Stains,
2015).

Finally, decreased satisfaction with student learning
has been shown in other studies to be associated with
adoption of active learning strategies, with dissatisfaction
being a central tenant to the TCSR model that frames our
study and analyses (Gess-Newsome et al., 2003). How-
ever, we acknowledge that the relationship between this
factor and percent time lecturing may be more complex
than what we have modeled in our study given the array
of modeled factors. One way to interpret this is that
instructors who lecture less are happier with their stu-
dent outcomes; this would be consistent with dissatisfac-
tion leading to change.

Limitations

This study has a limited scope; we only sampled instruc-
tors who teach introductory courses from chemistry,
mathematics, and physics. In addition, previous studies
show differences exist between lower- and upper-divi-
sion STEM courses (Benabentos et al., 2020; Lund et al.,
2015). To better characterize STEM courses as a whole,
a broader study should be conducted that includes a
wider array of STEM disciplines at both introductory and
advanced levels from a representative sample of different
institution types.

The TCSR model was originally developed to under-
stand reform in K-12 education (Woodbury & Gess-
Newsome, 2002) and was then adapted for a college
classroom (Gess-Newsome et al., 2003). Consequently,
due to our review of the literature, our conceptualization
of the TCSR framework required further modification
of the framework to delineate department appointment
expectations apart from departmental contextual factors
to account for the complex nature of different instruc-
tional positions in higher education. In addition, it
should be noted that the TCSR framework has not been
previously used in multilevel analyses; therefore, some
of the considerations of testing a statistical model such
as the nested nature of the data (i.e., instructors within
departments within institutions) have not been previ-
ously addressed. While a modification of the model (i.e.,
an articulated differentiation of appointment expecta-
tions) was necessary, this does not invalidate the TCSR
model, but furthers theoretical and empirical possibilities
for using the model to evaluate teaching practices.

The self-reported nature of our outcome measure (i.e.,
percent time lecturing) and a respondent’s contextual,
personal, and beliefs about teaching and learning factors
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result in some loss of empirical strength due to potential
reliability threats and may potentially mischaracterize the
complex nature of the classroom. Discrepancies between
self-reported data and researcher-evaluated observations
of observed classroom practices have previously been
found (e.g., Bodzin & Beerer, 2003; Herrington et al.,
2016; Koziol & Burns, 1986). Although, observational
studies are prone to observer subjectivity, particularly in
regard to rater agreement (Hill et al., 2012; Waxman &
Padrén, 2004). Low numbers of observations, insufficient
training of raters, and non-representative snapshots of
instructional practices can raise uncertainty of observa-
tion data (Cohen & Goldhaber, 2016; Hill et al., 2012).
However, evidence suggests that self-reported data about
teaching practices align well with observational studies
(Durham et al., 2018; Gibbons et al., 2018; Hayward et al.,
2018). While large-scale studies are necessary to iden-
tify teaching practices (Williams et al., 2015), we note
that observational studies, though, would parallel self-
report data but is impractical with the large sample of
our study (i.e., N=2382). Balancing error associated with
self-report data and the opportunity to conduct large-
scale study, such as ours, supported by the work of others
(Durham et al., 2018; Gibbons et al., 2018; Hayward et al.,
2018), the results of the study herein are trustworthy.

Conclusions

Based on these results from a national survey of gate-
way chemistry, mathematics, and physics instructors
that considers a large number of factors associated with
uptake of active learning and accounts for the nested
nature of institutional contexts, we provide four broad
recommendations for sustaining active learning strate-
gies in introductory STEM courses:

1. Construct classroom spaces that support and pro-
mote active learning (i.e., moveable table/desks for
shared group work and activities, whiteboards to
support collaboration, etc.). Provide and incentiv-
ize professional development to assist instructors in
maximizing the use of active learning spaces.

2. Coordinate large enrollment courses with multiple
course sections. Collaborate with other instructors
on instructional methods, allowing for discussion
and reflection on instructional practices.

3. Offer and encourage participation in professional
development programs and communities of prac-
tice for widespread awareness and implementation
of research-based instructional strategies. Promote
a growth mindset and develop constructive beliefs
about teaching and learning in professional develop-
ment opportunities.
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4. Engage in the scholarship of teaching and learning.
Recognize and value SOTL work accomplished by
instructors.

Our results demonstrate to instructors, departmental,
and institutional leaders on how contextual, personal,
and teacher thinking factors are associated with deci-
sions about instructional practices at their institutions.
The research literature suggests that instructor-centered
reforms and instructor-, departmental-, and institu-
tional-led reform initiatives are essential to meaningful
and sustained cultural change about how STEM courses
are taught (Beichner et al., 2007; Henderson et al., 2011;
Reinholz & Apkarian, 2018; Shadle et al., 2017).
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