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Abstract

Background It is well established in the literature that active learning instruction in introductory STEM courses
results in many desired student outcomes. Yet, regular use of high-quality active learning is not the norm in many
STEM departments. Using results of a national survey, we identified 16 departments where multiple instructors
reported using high levels of active learning in their introductory chemistry, mathematics, or physics courses. We
conducted interviews with 27 instructors in these 16 departments to better understand the characteristics of such
departments.

Results Using grounded theory methodology, we developed a model that highlights relevant characteristics

of departments with high use of active learning instruction in their introductory courses. According to this model,
there are four main, interconnected characteristics of such departments: motivated people, knowledge about active
learning, opportunities, and cultures and structures that support active learning. These departments have one

or more people who are motivated to promote the use of active learning. These motivated people have knowledge
about active learning as well as access to opportunities to promote the use of active learning. Finally, these depart-
ments have cultures and structures that support the use of active learning. In these departments, there is a positive
feedback loop that works iteratively over time, where motivated people shape cultures/structures and these cultures/
structures in turn increase the number and level of commitment of the motivated people. A second positive feedback
loop was found between the positive outcome of using active learning instruction and the strengthening of cultures/
structures supportive of active learning.

Conclusions According to the model, there are two main take-away messages for those interested in promoting
the use of active learning. The first is that all four components of the model are important. A weak or missing compo-
nent may limit the desired outcome. The second is that desired outcomes are obtained and strengthened over time
through two positive feedback loops. Thus, there is a temporal aspect to change. In all of the departments that were
part of our study, the changes took at minimum several years to enact. While our model was developed using

only high-use of active learning departments and future work is needed to develop the model into a full change the-
ory, our results do suggest that change efforts may be made more effective by increasing the robustness of the four
components and the connections between them.
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Introduction

Research in STEM education has convincingly shown
that use of active learning instructional strategies can
increase learning, retention, and equity in undergradu-
ate STEM courses (e.g., Freeman et al., 2014; Kober,
2015; NASEM, 2021; NRC, 2012). While progress is
being made in terms of the use of these strategies in
introductory STEM courses, they are still not the norm
in most colleges and universities in the United States
(Stains et al., 2018). In order to address the slow uptake
of these strategies, research efforts have been focused
on characterizing the drivers and levers that influence
individual STEM instructors’ decisions and ability to
implement these strategies in their courses (e.g., Laursen
et al,, 2019). These research efforts have demonstrated
that the challenges faced by instructors are multifaceted,
with some factors related to the instructors themselves
(e.g., lack of pedagogical training, belief systems about
teaching rooted in teacher-centric learning experiences)
and others related to the system instructors are work-
ing in (e.g., classroom infrastructures, institutional poli-
cies for promotion) (Henderson & Dancy, 2007; Lund
& Stains, 2015; Shadle et al., 2017). However, even fac-
tors that might appear to be individual level are often
related to the system. For example, a lack of knowledge
about, or experience with, active learning as a student are
both caused by the academic system that does not fully
embrace active learning. Thus, while focusing change
efforts on individual instructors is the most common
approach taken by STEM change agents, it is also not
the most effective (Henderson et al., 2011). The focus on
individuals ignores the complex systems faculty operate
in and makes the false assumption that evidence of effec-
tive teaching practice will directly translate into uptake of
those practices (Henderson et al., 2010, 2011).

It is now becoming more common for change agents
to treat academic departments as the most important
unit within the academic system for instructional change
(AAAS, 2011; AACU, 2014; Corbo et al., 2016; Fisher &
Henderson, 2018; Knight & Trowler, 2000; Ngai et al.,
2020; Quan et al., 2019; Reinholz et al., 2019; Wieman
et al.,, 2010). It is the department that sets norms and
policies around teaching and instructors often point
to their departmental culture as a reason for not being
able to implement active learning strategies (Sturtevant
& Wheeler, 2019). Departments also have relatively uni-
form culture, as compared to the ways culture can vary
across departments and institution-wide (Reinholz &
Apkarian, 2018). Thus, sustainable department-level
change requires changes in department-level structures
and cultures (Eckel & Kezar, 2003; Henderson et al., 2011;
Reinholz & Apkarian, 2018; Reinholz et al., 2019). Eckel
and Kezar (2003) describe structures as visible aspects of
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an organization that shape how things are done. These
include things such as policies, budgets, hierarchies, and
decision-making structures. Cultures are the more infor-
mal factors that shape how things are done. These include
the ways that people interact with one-another, the ways
issues are framed, and the types of conversations that are
seen as important (Eckel & Kezar, 2003). Many research-
ers argue that sustainable department-level change
results from changing departmental structures and cul-
ture through ongoing conversations and relationship
building (e.g., Huber & Hutchings, 2021; Reinholz et al.,
2019). While we know about some of the barriers and
levers for change (e.g., Austin, 2011; Henderson & Dancy;,
2007; Laursen et al., 2019), we know much less about the
specific aspects of structures and cultures that lead to
sustainable change as well as how those structures and
cultures can be put in place.

The Four Frames model is one change theory that has
helped researchers to think about departmental struc-
tures and cultures in higher education, as well as the
process by which change can occur. Reinholz and Apka-
rian (2018) adapted Bolman and Deal’s Four Frames
model (2008) from the organizational change literature
to the context of STEM education reform at the depart-
ment level. The Model defines culture as “a historical and
evolving set of structures and symbols and the resulting
power relationships between people” The four frames
of culture are structures, symbols, power, and people.
In order for a change effort to be successful, the theory
states that all four frames of culture must be taken into
account. The Four Frames model can be used by changes
agents to understand the outcomes of an existing change
effort, or to identify the levers and connections between
them when planning a change effort.

Departmental action teams (DATs) are an example of
a strategy to promote change at the department level by
addressing its culture around teaching. DATs are a facili-
tated group of students, staff, and faculty that meet regu-
larly over two to four semesters to implement a specific
education and culture-related change in their depart-
ment (Ngai et al., 2020; Quan et al, 2019). The DAT
model offers a specific set of practices and principles that
are likely to lead to department-level change.

While both the DAT model (as a particular change
strategy) and the Four Frames model (as a change theory)
are focused on departmental structures and cultures, nei-
ther provides much specific guidance about what sorts of
structures and cultures are desirable. (Feola et al. (2023)
identified a similar gap in the institutional change litera-
ture regarding the range and variability of change strat-
egies and tactics used at that level.) For a change effort
to be successful, it is often valuable to understand what
the end state of reform could look like. A model of the
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features of departments that have widespread adoption
of instructional reforms can be used by departments and
change agents to inform their specific change effort. The
goal of the research presented in this paper is to work
towards the development of such a model by explor-
ing departments that have been successful at integrating
active learning instructional strategies in their introduc-
tory courses.

Specifically, we leveraged survey data collected from
3769 instructors of introductory chemistry, mathematics,
and physics courses (Apkarian et al., 2021; Vishnubhotla
et al,, 2022; Yik et al., 2022a, 2022b) in order to iden-
tify departments with high levels of implementation of
active learning instructional strategies in these courses.
These instructors represent 1,779 departments at 827
institutions. We sampled by department and institution,
sending survey invitations to all faculty teaching intro-
ductory courses within each department. We aimed to
get responses from multiple instructors in each depart-
ment in order to understand individual, departmental,
and institutional factors that are associated with the use
of active learning instructional strategies. The survey
data led us to focus on 16 departments that were in the
top quartile of the departments represented in our study
in terms of active learning instructional strategies used
in introductory courses. The model of characteristics of
departments with high use of active learning instruc-
tion in their introductory course that was developed
from this grounded theory study is based on the analysis
of interviews conducted with 27 instructors in these 16
departments.

Methods

Grounded theory

While, as discussed above, many researchers think of
the department as the key unit of change and there has
been some research on how to promote department-level
change, we do not yet have a working model for instruc-
tional change at the departmental level that can be useful
to guide or monitor change efforts. Thus, the goal of this
research was to develop a better understanding of the
features of high use of active learning (in introductory
courses) departments and how these departments got
that way. The goal of this study is to develop a model (i.e.,
a “theory”) that describes the important characteristics
and development of STEM departments with high use of
active learning. Such a model will be useful in develop-
ing theories of change (Reinholz & Andrews, 2020) for
STEM departments.

Because there has been little research conducted on
what leads some departments to use high levels of active
learning instruction, we draw on grounded theory, which
is a research methodology characterized by openness to
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new ideas, a focus on explanatory power, and iterative
data collection and analysis (Charmaz, 2006; Gibson &
Hartman, 2013; Glaser & Strauss, 2017). Consistent with
grounded theory, we prioritize our own empirical data in
our initial theory-building.

Unlike many research traditions that begin with a the-
oretical framework, a grounded theory study typically
begins with the data and the theory is then developed
to fit the data (Charmaz, 2006). Prior literature is typi-
cally connected to study results at the end rather than the
beginning of the analysis (Charmaz, 2006). Thus, we dis-
cuss relevant literature along with the results rather than
in a more traditional literature review. Of course, all of
the members of the research team are familiar with some
of the literature related to academic departments and
to high-quality teaching, and we also all have our own
ideas and experiences about academic departments. The
two core ideas mentioned earlier (departments are a key
unit of change, and sustainable change requires changes
in structures and cultures) are core knowledge commit-
ments that did shape our study design. For example, we
chose to focus the study on the department level. This
was due to the results of the survey portion of our study
(Apkarian et al., 2021; Vishnubhotla et al., 2022; Yik et al.,
2022a, 2022b) as well as our awareness that others think
of departments as a key unit of change (e.g., Corbo et al.,
2016; Fisher & Henderson, 2018; Knight & Trowler, 2000;
Ngai et al., 2020; Quan et al., 2019; Reinholz et al., 2019;
Wieman et al,, 2010). Similarly, the types of questions
we asked during interviews were designed to get at both
structural and cultural components.

Data sources

The data for this study are interviews with instruc-
tors who work in departments where there is high use
of active learning in their introductory courses. We
identified these high active learning use departments
based on survey data we collected in spring of 2019.
We conducted a nationwide survey of 3769 postsec-
ondary chemistry, math, and physics instructors who
had taught their discipline’s introductory course within
the past two years. For this survey, we used stratified
random sampling by institution type to ensure rep-
resentative samples from different institution types
in the United States (two-year colleges, four-year col-
leges, and universities). At each institution selected, we
identified instructors who had taught one of the target
introductory courses in chemistry, mathematics, or
physics. One of the items on the survey asked partici-
pants to report the percent of class time their students
spend listening to the instructor lecture or solve prob-
lems; we used this item as a proxy for active learning.
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That is, we assumed that a low percent time in lec-
ture corresponded to a high percent time students are
engaged in active learning.

We identified high active learning use departments by
looking for departments in our survey data set that had
multiple instructors (3+) in the top quartile of their
discipline and institution type in terms of self-reported
percent class time their students spend in non-lecture
activities. Equivalently, these were the departments that
had multiple instructors in the first quartile of their dis-
cipline and institution type in terms of self-reported
percent class time their students spend listening to
the instructor lecture. These quartile scores, derived
from the survey data, are shown in Table 1. Instruc-
tors needed to lecture <30-50% of class time (depend-
ing on discipline and institutional context) to be in the
top quartile of active learning users. For example, when
identifying physics departments at graduate degree-
granting institutions to interview, we were looking for
departments in our survey data set that had multiple
instructors reporting lecturing 30% of class time or
less. In addition, we aimed for variation in institution
size, selectivity, geographic location, etc., when choos-
ing departments to interview.

Table 1 First quartile scores of percent time lecturing for each
discipline and institution type combination

Discipline Institution type
2-year college Undergraduate Graduate
degree-granting  degree-
(%) granting (%)
Chemistry  Less than 40% 40 50
of class time
in lecture
Math 35% 40 40
Physics 30% 35 30

Data are from the departments in the survey study. Instructors in the first
quartile of percent time lecture are in the top quartile of percent time in active
learning

Table 2 Interviewed individuals (from N departments)
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From each identified department we invited two
instructors who had completed the survey to partici-
pate in an interview. If one declined, then we invited
additional interviewees until we had two interviewees
or exhausted the list of survey respondents (there was
a minimum of three) from the department. We col-
lected 29 interviews with instructors from 18 depart-
ments, spanning math, chemistry, and physics, as well
as different institution types. Two departments were
removed from analysis because of the peripheral status
of the solo interviewees, evidenced in the interview by
their limited view of their department’s culture, history,
and practices. The interviews removed were from (1) a
graduate student instructor at a university mathemat-
ics department; and (2) an adjunct faculty member at a
two-year college chemistry department. Table 2 reports
the disciplinary and institution type range of our inter-
views. The goal was to sample two departments in each
category, and two instructors from each department,
but this was not always possible. It was especially chal-
lenging to reach the instructors at the two-year col-
leges; we often received no response to our inquiries,
or the instructors lacked the time to participate in an
interview. The underrepresentation of the two-year col-
lege departments in our interview sample is a limitation
of our study.

The interview protocol (see Additional files 1) had
two major sections: (1) individual teaching practice
(focused on introductory courses) and (2) organiza-
tional and departmental context and culture. Note,
the interview questions about individual teaching
practice allowed us to corroborate participants’ sur-
vey responses regarding their use of active learning.
Interviews were collected between Spring 2020 and
Fall 2020. A few interviews were completed before the
COVID-19 pandemic caused the shutdown of most
in-person classes in Spring 2020, but most interviews
were completed during the shutdown. We asked partic-
ipants to respond to interview questions based on their

Discipline Institution type Total
2-year college Undergraduate degree-  Graduate degree-granting
granting
Mathematics 1 interview (representing 1 5 (3 departments) 3 (2 departments)* 9 (6 departments)

department)

Chemistry 0 (0 department)** 3 (2 departments)
Physics 4 (2 departments) 3 (2 departments)
Total 5 (3 departments) 11 (7 departments)

4 (2 departments) 7 (4 departments)

4 (2 departments) 11 (6 departments)

11 (6 departments) 27 interviews (16 departments)

Number of individuals and departments from each discipline and institution type used in this study. (Prior to dropping two interviews, *4 interviews (3 departments);

**1 interview (1 department).)
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pre-COVID-19 teaching, but we did also briefly discuss
their pandemic teaching experience.

Model development

Consistent with grounded theory (Glaser & Strauss,
2017), the goal of the analysis was to develop a theory
or model that describes the characteristics of these
departments relevant to their high use of active learning
instructional strategies. Data analysis was an emergent
and collaborative process involving authors ACL, CH,
CM, MS, and MD, all with a variety of backgrounds and
experiences as educators, change agents, and educational
researchers. The analysis process was focused on depart-
ments and, keeping with the grounded theory approach,
involved constant comparative techniques (Creswell and
Poth 2016). It also involved more than one team member
independently analyzing each interview as well as regu-
lar team discussions to reach consensus about knowledge
claims that could be made.

We initially examined one department at a time, tak-
ing evidence from both of the interviews of instructors
in that department. Each member of the data analysis
team would independently analyze the department and
write a short paragraph explaining the important fac-
tors that led to this department being in the top quartile
of active learning users. Given the focus of our study on
individual, departmental, and institutional factors that
may effect the teaching practice of a department, we
were attuned to these multiple levels when reviewing
interviews. For each interview, we noted individuals who
influenced teaching practice (those “motivated” to use
active learning), as well as examples of culture factors (at
the department or institution level) that influenced active
learning use. The specific factors (codes) emerged from
these excerpts. For example, if the interviewee talked
about how their department chair encouraged people to
use active learning, that would be coded as “Motivated
Person: Department Chair” If the interviewee described
teaching evaluation policies that rewarded active learn-
ing use, that would be coded as a cultural factor, “Evalu-
ation of teaching practices” After individually analyzing
the transcripts, we would then come together to discuss
our interpretations. When disagreements in interpreta-
tions arose, we would discuss those until we reached a
consensus about what claims we could make based on the
data. After doing this for five departments, we stepped
back and reviewed the factors that had emerged from
the data. We recognized various types of individuals who
influenced teaching practice (e.g., education research-
ers, institutional leaders), a range of cultures or struc-
tures that supported active learning use (e.g., funding for
teaching reforms, hiring for commitment to teaching),
and a pattern of connection between the codes. This led
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us to develop an initial model of characteristics of depart-
ments with high use of active learning. This preliminary
model stated that motivated people helped develop cul-
tures and structures supportive of active learning, and
these cultures and structures helped increase the number
of motivated people. Connected to these two high-level
factors were examples of the codes, and additional con-
nections such as motivated people leveraging funding
opportunities for teaching reform.

We then tested the model by analyzing four addi-
tional departments in our data set. After identifying the
important factors for a department, we would compare
those items to the factors and connections in our work-
ing model. We refined the model, adding factors or
drawing new connections between them, when the cur-
rent version of the model was no longer descriptive of
the departments in our data set. This would happen, for
example, when an interviewee would describe a factor
important for their department’s active learning use that
we had not noted in the previous interviews we had ana-
lyzed. In this case, the code would be added to the model,
often as a new example within a category of codes (e.g.,
another type of motivated person). Occasionally, the
new code would cause us to re-examine the connections
between codes. For example, we identified a number of
individual codes that all represented examples of oppor-
tunities people had leveraged to increase active learning
use and so we created a code category called “Oppor-
tunities” which was connected to the motivated people
category of codes. After any refinement to the model,
we then returned to the previous interviews we had ana-
lyzed to check if the new code or connection was present
or was instead unique to the interview at hand. After
collectively analyzing nine of the departments, we then
separated into two groups, with each group focusing on
one additional department at a time. The group members
(2 or 3 people) would each independently analyze the
interviews for that department and then meet to come
to agreement. After each cycle (usually two departments
analyzed by two different sub-groups), all team members
would come together to discuss their analyses and revise
or refine the model based on the newly analyzed depart-
ments. The refined model was also checked to ensure
that it still accurately described the previously analyzed
departments. Before analyzing the next two departments,
we would mix-up the members of the analysis sub-groups
to promote heterogeneity of ideas and the prevention of
bias. This process continued until all departments had
been analyzed. The final model is presented in the Results
section of this paper.

Periodically throughout the analysis process, we would
present our findings and working model to all mem-
bers of the larger project team who were not involved in
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the analysis, as well as to external groups. The feedback
from these presentations was a crucial part of the itera-
tive model development process as it helped the analysis
team identify components of the model that needed clar-
ification and connections that needed to be confirmed by
a closer look at the data.

Author positionality and trustworthiness

One of the strengths of this project is the diversity of
identities and experiences that each of the eight mem-
bers of the research team brought to the project. Team
members represent different institutional types, differ-
ent racial and ethnic backgrounds, different genders, dif-
ferent job responsibilities at their institutions, different
career stages, and different levels of experience in con-
ducting research on departmental change.

In addition to having a diverse research team, we also
designed our study to address Lincoln and Guba’s (1985)
four components of trustworthiness for a qualitative
research study: credibility, transferability, dependabil-
ity, and confirmability. Credibility refers to the extent to
which the findings accurately represent the experiences
of the participants. The use of multiple data sources was
an important contributor to the credibility of this study.
We sought to interview two people from each depart-
ment and the final model was built using data from all of
the departments. Transferability refers to the extent to
which the findings can be transferred to other contexts
or groups. In this study, we provide rich descriptions of
each of the model components as well as two extended
examples to help readers understand how the findings
might apply in other contexts. We also discuss Chasteen’s
(2021) successful application of our model in a related
context. Dependability refers to the extent that research
findings are repeatable. As described in the Model devel-
opment section, the project unfolded in several distinct
phases and key decision points are articulated. Con-
firmability refers to the degree to which the results are
not influenced by the researcher positionalities. As dis-
cussed above, the project team was diverse. In analyz-
ing the interviews and developing the model, multiple
researchers were involved in each step, and there was
much discussion and revision. For example, each inter-
view was initially analyzed by more than one researcher.
These researchers would then meet with one-another to
discuss and, once agreed on, bring their analysis to the
entire research team where anyone could raise additional
questions.

Results

The Model of the characteristics of departments that are
high users of active learning (hereafter referred to sim-
ply as “the model”) is displayed in Fig. 1. The model has
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four components, one outcome, and two feedback loops.
We will first present a general overview of the model, and
then give detailed definitions and examples of each ele-
ment in turn. We will follow this with examples from two
departments to show how the model captures the high
use of active learning in the introductory courses in those
two departments.

The four components in the model include: Motivated
People, Knowledge about active learning, Opportunities,
and Cultures and Structures that support active learning.
The outcome in the model is High Use of Active Learn-
ing in Introductory Courses. There is an iterative and
positively reinforcing cycle between people motivated
to increase active learning use in their STEM depart-
ment’s introductory courses and departmental and insti-
tutional cultures and structures that promote active
learning use. The motivated people help to develop and
enhance a culture and structures supportive of active
learning, and in turn the culture and structures help
to grow the number of people motivated to reform the
teaching of introductory courses in the department. The
motivated people have knowledge of research-based
instructional strategies and the results from discipline-
based education research. They leverage opportuni-
ties, both internal and external to their department and
institution, to increase the active learning used in intro-
ductory courses in their department. The positively rein-
forcing cycle between people and culture leads to high
use of active learning in introductory courses in the
STEM department, and this becomes established as part
of the department’s culture, thus feeding back into the
cycle that promotes active learning use.

Model elements

We now define each element of the model. Examples
of the four components are included in Table 3; the full
codebook is included with the Supplementary Materi-
als (See Additional File 2).

Motivated people

In the model, Motivated People are defined as members
of the academic institution who are driven to increase
the use of active learning in introductory STEM courses.
They may be leaders of pedagogical change efforts, or
those who have bought into such change and are cur-
rently perpetuating and supporting the change. We
identified four main types of motivated people: educa-
tion researchers located in a STEM department, STEM
faculty (who are not education researchers), department
chairs, and institutional leaders. Education researchers
located within a STEM department are those who have
expert-level knowledge of education research, either
because they were trained in discipline-based education
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Fig. 1 Model of the characteristics of departments that are high users of active learning. These STEM departments have motivated people who
leverage opportunities to incorporate and sustain active learning in the introductory courses, and are knowledgeable about active learning. The
departments also have cultures and structures (at the institution and department level) that support active learning use. These two elements,
motivated people and cultures and structures, mutually reinforce each other and lead to high use of active learning in the introductory courses
in the department. This high use then reinforces the existing cultures and structures and a positive feedback loop continues

research and/or they are currently conducting educa-
tion research. STEM faculty who are not department
chairs and not involved in education research may also
be motivated to lead and/or contribute to the adoption
of research-based instructional techniques in introduc-
tory courses. In every department studied, there was
a least one motivated person who fell in this category.
Department chairs who support teaching reform in con-
crete ways also fit the definition of motivated people. In
most departments studied (14/16), one of the motivated
people was a department chair. Lastly, motivated peo-
ple can include institutional leaders, such as deans or
other administrators, who tangibly and explicitly push
for the adoption of active learning in introductory STEM
courses. In all but one of the departments studied there
was more than one type of motivated person. The fre-
quency of the specific examples of motivated people
may indicate that certain types of motivated people (i.e.,
STEM faculty and department chairs) are particularly

influential. This is perhaps unsurprising as chairs often
control department resources, and the majority of fac-
ulty in STEM departments are STEM faculty who are not
education researchers.

Knowledge about active learning

In our interview sample, all of the motivated people
had knowledge, or at least awareness, of active learn-
ing, research-based instructional strategies (RBISs),
and/or results from education research. This knowl-
edge was often gained through a mix of local and
national resources. National resources include tradi-
tional dissemination platforms like research journals,
books, published curricular materials, conference pres-
entations, and workshops run by professional societies.
Knowledge was also gained from local resources such
as an expert in an RBIS who was located at one’s insti-
tution or in the geographic region, or training from
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Table 3 Model components and examples
Component Examples Number of
departments with
component
Motivated people 16 overall
Examples
STEM Faculty (who are not education researchers) 16
Department Chairs 14
Education Researchers 9
Institutional Leaders (e.g., Deans) 7
Knowledge about active learning 16 overall
Gained from:
Local education researchers or Teaching and Learning Ctr 11
Published research and curricula materials 9
Conferences/workshops run by Professional Societies 8
Graduate School 4
Opportunities 16 overall
Examples
Funding opportunities, internal to institution 9
Institutional Pressures (e.g., graduation rates/DFW) 9
Hiring opportunities for active learning use 8
Funding opportunities, external to institution 4
Cultures and Structures that support active learn- 16 overall
ing
Institution-level
DBER presence on campus 12
Evaluation of teaching practices 9
Teaching & Learning Center 7
Type of students need/benefit from active learning 5
Department-level
Collaborative culture around teaching in department 16
Culture of continual innovation and exploration (often supported by new 14
faculty)
Class layout and/or size conducive to active learning 13
Send people to external professional development 8
Hiring for commitment to teaching 7
All faculty teach intro courses 5
Common curriculum 5
Class scheduling-large block of time 5
Support for faculty autonomy 3
Multi-level (arising from department and/or institution)
Value undergraduate teaching 9

Examples of the four components in the model and the number of departments the example was present in. We include examples that were present in 3 or more

departments. Total number of departments in our analysis set is 16

the institution’s teaching and learning center. Some
instructors were exposed to active learning during
their graduate careers because their graduate depart-
ment had faculty engaged in discipline-based educa-
tion research, made use of RBISs in their courses, and/
or had a learning assistant program (Otero et al., 2010).

Opportunities

The motivated people in departments with high use
of active learning in their introductory courses lever-
aged opportunities to create and sustain the culture of
active learning use. These opportunities came in two
types: (1) opportunities specifically designed to sup-
port active learning (e.g., grants designed to transform



Lau et al. International Journal of STEM Education (2024) 11:10

courses) and (2) opportunities that are not necessarily
designed to support active learning, but can be directed
to advance active learning (e.g., hiring). In the former
category, interviewees described funding opportunities
(both internal and external to their institution) designed
to support teaching reform. These funds were used for,
e.g., building active learning classrooms and developing
curricular materials to implement in those environments.
In the latter category, participants described hiring inten-
tionally for instructors who use active learning, regard-
less of the intended teaching and research responsibilities
of the open job position. It should be noted that direct
opportunities to hire someone to lead pedagogical trans-
formation existed as well. Institutional pressures also
served as opportunities that could be leveraged to imple-
ment active learning in introductory courses. Sometimes
this pressure was a university initiative directly promot-
ing active learning uptake, and other times these were
calls to improve graduation rates, which led departments
to reassess their undergraduate program and implement
active learning in the introductory courses to increase
retention.

Cultures and structures that support active learning

Cultures and structures that support active learning
exist at both the institution-level and department-level,
and they arise in a number of forms. For a full list of
examples, see Table 3; here we will highlight some of
the most common cultures and structures discussed by
our interviewees as supportive of active learning use.
In the Supplementary Material, we provide a full set of
definitions for all culture and structure examples. Note,
the mere presence of one of these cultures or structures
does not automatically imply support for active learn-
ing; the departments in our data set were only coded for
the culture or structure example if it was directly con-
nected by the interviewee to active learning use in their
department.

The most common cultures and structures (mentioned
in interviews from 10+ departments) include: collabora-
tive culture around teaching in department; culture of
continual innovation; DBER presence on campus; and
class layout and/or size. Collaborative culture around
teaching in the department is defined as frequent teach-
ing collaboration among at least some of the faculty in the
department that facilitates active learning adoption. This
collaborative culture can be enacted in multiple ways:
e.g., instructors frequently talking to colleagues about
teaching and what is going on in their classroom; sharing
innovative curricular materials; coordination between
course sections (provided the coordination is described
as an affordance for active learning use); observing col-
leagues’ classes and providing feedback; a norm of
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troubleshooting classroom challenges with colleagues;
instructors sharing notes about what they learned at
teaching professional development; and/or reforming
a course in conjunction with another instructor. All of
these conversations and idea sharing are directed towards
the uptake of active learning. An important characteristic
of this collaboration is that it is routine, happening regu-
larly rather than as a one-time occurrence.

A culture of continual innovation and experimenta-
tion describes an orientation among at least some fac-
ulty in the department to constantly improving one’s
teaching. These instructors are continually seeking to
improve through implementing and experimenting with
new research-based teaching techniques in order to best
serve their students. This continual innovation was often
described by interviewees as being driven by new faculty
who brought knowledge of teaching innovations and an
openness to using active learning.

We define a discipline-based education research
(DBER) presence on campus rather broadly, requir-
ing that there are multiple people on campus who are
involved in the DBER community, but not necessarily
publishing their own DBER research. This involvement
in the DBER community means that a number of STEM
instructors on campus are knowledgeable of the prod-
ucts of DBER or have even created some of those prod-
ucts (even if they themselves did not conduct extensive
research on the products). Importantly, this DBER pres-
ence has to extend beyond a single department in order
for it to count as a campus-wide presence. Examples of
this DBER presence include having instructors in multi-
ple STEM departments who attend DBER conferences,
or having a learning assistant program that is active in
multiple STEM departments.

Class layout and/or class size captures if the introduc-
tory courses in the department are held in a classroom
conducive to active learning use, and/or the courses are
capped at a small size and this is cited as affordance for
active learning use. In terms of classroom layout, exam-
ples include studio-style classrooms (e.g., Knaub et al,
2016), and lab spaces that are used for the “lecture” por-
tion of class to facilitate group work. Regardless of the
exact setup, the space is described as an important part
of the local environment that supports the use of active
learning. The classroom space could be the result of a
particular institutional initiative or funding opportunity,
but this was not frequent in our sample.

Outcome: high use of active learning in introductory courses
in the department

The outcome in the model, high use of active learning
in the introductory courses of a department, is defined
as described in the Methods section: three or more
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introductory course instructors in the department are
in the top quartile of active learning users for their
discipline (chemistry/math/physics) and institution-
type (2-year college, undergraduate degree-granting,
or graduate degree-granting), based on our survey
results. Importantly we found that in the departments
we studied, once active learning was implemented in
the introductory courses, it started to become part of
the departmental culture for these courses. As more
instructors adopted active learning when teaching
the introductory courses, and the longer active learn-
ing had been in place in those courses, the more the
use of active learning became routine and often even
expected for the introductory courses in the depart-
ment. Thus, once high use of active learning in intro-
ductory courses is established, it becomes not only an
outcome of our model, but also a reinforcing cultural
factor.
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Examples of the model

We now present examples from two different depart-
ments of how the model helps explain the high use of
active learning in the departments’ introductory courses.

Example one
Our first example comes from the physics program at
“Pine Community College” (a pseudonym). Figure 2 dis-
plays the ways each model component was present in the
Pine physics program. The physics program is housed in
the physical science division of the college. The physics
portion of the division has three full-time faculty, as well
as adjuncts. We interviewed two of the full-time phys-
ics faculty: Paul and Patricia (also pseudonyms). As Paul
states, “I was hired at the college as the first physics fac-
ulty ever, so there was no physics program prior to me
coming in” He has been part of the division for over 20
years. Patricia, the second permanent physics faculty to
be hired, has been in the division for 10 years.

Patricia describes that the pedagogy used across
the physical science division is pretty similar. As she

Pine Community College
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Fig. 2 Model applied to Pine Community College physics program. Within each model component circle, the bullet points list the examples
that were present in the department. In the text, the narrative is constructed to tell the essence of the department’s story as concisely as possible,
so not all examples of each model component are discussed. The asterisk (*) indicates the examples that are not included in the narrative text
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states, they all use a pedagogy that is based on a spe-
cific research-based instructional strategy. Paul illus-
trates a typical day in his introductory physics course:
“I'm not going to be lecturing. Even though there’s a
lecture period it’s going to be activities, it’s going to
be scaffolding, it’s going to be building, it’s going to be
labs to reinforce or to bring out misconceptions and
ideas. It’s going to be using TIPERS, tasks inspired by
physics education research, to either reinforce or bring
out ideas." The other physics instructors similarly use
a large amount of active learning when they teach the
introductory courses, and they all use a workbook Paul
created as their guide. However, Paul explains, “How we
approach them [the techniques], the order we do them
is very different. How we utilize non-traditional class-
room management is considerably different between
the three of us. And then sometimes the content is
radically different. In terms of what we emphasize and
what we don’t emphasize." Indeed, Patricia explains
that she has, “added lots of different things [to Paul’s
workbook] that weren’t there before. Some things that I
felt like needed a little more scaffolding. ... I might do a
different set of TIPERS in that class... so him and I have
slightly different twists on the class” Instructors have
flexibility to customize their offering of the introduc-
tory physics course, but they all are using techniques
based in physics education research.

Our model helps explain how the high use of active
learning in the introductory physics courses came to be
at Pine Community College. Paul completed his PhD in
physics education research and was very motivated
to implement active learning. Coming out of graduate
school Paul had two job offers, “one where I was going
to be a fourth faculty member or at [Pine] where I was
going to be starting the program from scratch. That’s
the reason I chose it [Pine]....it was primarily that ability
to build it and mold it as I wanted from the start” Paul
brought his knowledge and training in research-based
instructional strategies to his teaching at Pine. Early on,
Paul became chair of the physical science division and
in that role he leveraged the opportunity to hire new
faculty. As he recalls, “I had a stint as eight years as the
chair of science and math and during that time I took a
lot of, excuse me, six years [as chair], Um early on and
hired probably in the physical sciences anyway, two-
thirds of the faculty during, that are still here, during
that time period with the bent of making a division, an
area that is about embracing, reforming, embracing new
ideas, embracing change” With this strategic hiring, he
increased the number of people in the division who
are motivated to use active learning, and he developed
a culture that expected instructors to be continually
innovating in their courses.
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The chairs who have followed Paul have maintained
this emphasis on active learning in the division. As Paul
shares, "The next two chairs that followed me... all have
really continued that trend... [one of them] was actually
hired a year after me, but she became influenced by hav-
ing conversations with folks and became a much more
non-traditional instructor. [The other] was, I will admit,
one of my hires as a young, recent PhD grad who I saw
as somebody that was willing to embrace and engage and
so he was kind of a protégé of mine. He has just contin-
ued that... those...continued to build what I started.”
Paul helped establish the culture in the division to hire
for people committed to teaching using active learning,
and this has increased the motivated people in the divi-
sion, some of whom later lead the division and con-
tinue to develop this supportive culture.

Patricia corroborates this in her interview, explain-
ing, "I think when I came in, it was just [Paul] teaching
classes. And so when I came in we got together as a team
and you know, it’s his vision, but it’s now our vision for
this division. And so we really try to hire people who fit
that criteria...our chemistry division, they push their
instructors to go take the [specific RBIS] courses and
be educated in, in this method...we hire the right peo-
ple. Right, we will not push classes to go if we don'’t feel
like it’s going to be done well, you know, so we want to
make sure that we have, like our adjuncts are, majority
of them teach the same way we do." The hiring culture
is robust, extending past full-time faculty to adjuncts as
well. Through hiring and increasing active learning users,
they have established a division cultural expectation that
instructors use innovative techniques in their teaching.

The motivated people hired to join the department are
knowledgeable of active learning. Most of the division,
including Paul, Patricia, and the current division chair,
have taken courses on the use of a specific RBIS. Patricia
says that this common training means that, “Everybody
in our division is pretty much approaching their content
from a student learning point of view and innovating in
the areas of educational research and stuff like that...
we are all coming from a point of view that is very sup-
portive of, of changing and innovating within our class-
rooms.” These motivated and knowledgeable people
have contributed to a department culture that values
undergraduate teaching, prioritizing student learning
by implementing innovative teaching techniques.

The motivated people have additionally built a col-
laborative culture around teaching that supports con-
tinual innovation in the classroom. When Patricia
joined the division as a physics instructor, “it was just
[Paul] himself and I was very open to learning as much
as I could learn. And then I had my own ideas of how
I wanted to do things, but I was noticing that his FCI
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[Force Concept Inventory] scores and things like that
were, significantly higher. And I was just always picking
his brain and asking him questions like how did he do
that? And then once I saw what he did, then I changed,
okay, now what can I do to improve on this and take it
one step further. And so I worked very closely with him
for a long time on some of this and I still do." Patricia
had graduate-level training in science education and
the specified RBIS upon joining the division, but she
was still motivated to learn more by working with Paul.
Once she understood Paul’s pedagogical approach, she
was able to further improve her teaching practice by
building on Paul’s techniques.

This collaborative culture extends beyond Paul and
Patricia. Paul says that the three full-time physics faculty
meet weekly to “discuss failures. Success” The full-time
faculty “gladly help our adjuncts. We help each other. We
have conversations about what worked, what didn’t, you
got any suggestions for this?” This collaboration helps
with active learning implementation and keeps instruc-
tors motivated. Patricia says, "I love the collaboration.
I think that’s really the key is that we are really open. I
learn a lot from our... from everybody in on our campus,
but more importantly from our division...And I think
that having other instructors that come from that same
point of view is just crucial because that’s what gets you
up in the middle of, you know, every day take, go back
to work. Cause youre working with people who are like
minded. And I think that’s, that’s really important." From
this excerpt, we see how a culture of collaboration and
shared commitment to innovation in undergraduate
education helps support the instructors who are moti-
vated to use active learning.

When describing the history of teaching in the division,
Paul talked about how he was supported in promoting
active learning by a motivated person in the adminis-
tration: “And so it was a very cognizant decision by both
myself and actually at the time the VP of... academic
affairs with the college, to build this kind of area to try
to help you know, improve success rates and things in
these areas.” The Vice Provost (VP) supported motivated
faculty in leveraging grant opportunities (funding)
and the opportunity to build new classroom space. Paul
explains, “when we redesigned all our science rooms...
[the VP went] to the architect and saying, you need to
meet with the faculty individually to design, design their
rooms to meet their needs, not having conversations
with the administration and [the VP] really force[d] that
from that kind of support downward, it really was an
institutional decision. And it, that was the culture of the
college and that’s one of the reasons I'm still there." In
this excerpt, Paul explicitly links motivated people to
opportunities to increase active learning and shows how
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the motivated vice provost helped establish an institu-
tional culture supportive of active learning.

One of the structures the institution provides to sup-
port active learning use is funding to send faculty to
external professional development. Paul describes, "the
college...has always had a robust ability for people to do
professional development. Whether that’s attend meet-
ings, whether that’s going in your area or outside your
area. I get [nearly $4,000] a year in professional devel-
opment money for travel." This tangible support for
teaching professional development demonstrates the
institutional culture supporting active learning, and
how that culture can help support and increase the
number of motivated people at Pine with strong knowl-
edge of active learning.

Through a positively reinforcing cycle between moti-
vated people and a culture supportive of active learning
use, the physics instructors at Pine Community College
were able to establish a high level of use of active learn-
ing in their introductory physics courses. Paul, supported
by the VP of academic affairs, was able to hire instruc-
tors who were all motivated to use active learning. This
developed a culture in the division of continual innova-
tion in the classroom which was further supported by
the institution-level culture of valuing undergraduate
teaching. The instructors in the division are open to col-
laboration and they provide pedagogical support to each
other. Through Paul’s work and his hires, they developed
an expectation of using active learning in the physical sci-
ence division. The chairs who followed Paul continued to
enhance the teaching culture and increased the number
of instructors motivated to use active learning with the
hires that they made. All of the hires were knowledge-
able of active learning, and many were or have since been
trained in the use of a specific RBIS. Instructors in the
department have additionally been able to leverage fund-
ing opportunities and new classroom buildings to sup-
port their active learning use.

Example two

Our second example (see Fig. 3) comes from the chemis-
try program at “Cedar University” (a pseudonym). Cedar
University is a large state school, with a focus on both
teaching and research. We interviewed two members of
the chemistry department: Christine and Christopher.
Christine is an associate professor as well as vice chair
and undergraduate advisor in the department. In describ-
ing Cedar University, Christine shared that, “Teaching is
one of our key tenets. So teaching and research are both,
I would say, equally valued” Christopher is a pre-tenure
assistant professor in the department. The introductory
sequence offered in the department includes introduc-
tion to general chemistry (“intro to gen chem”), general
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Fig. 3 Model applied to Cedar University chemistry department. Within each model component circle, the bullet points list the examples that were
present in the department. In the text, the narrative is constructed to tell the essence of the department’s story as concisely as possible, so not all
examples of each model component are discussed. The asterisk (¥) indicates the examples that are not included in the narrative text

chemistry one (“gen chem 1”), and general chemistry
two (“gen chem 2”). Christine has taught the intro to gen
chem course for a number of years, and Christopher reg-
ularly teaches gen chem 2.

The intro to gen chem course is a remedial class for stu-
dents who need additional preparation before advancing
to gen chem one. The course is scheduled so that the lec-
ture period and activity section are back-to-back. Chris-
tine describes that she, “alternate[s] between lecture and
problem solving throughout the time period...I always
have them turn so that theyre in groups of four...and
we also have like two foot by three foot dry erase boards
that each group has. And so even during the lecture we
do group problem solving” Christine integrates the lec-
ture and activities throughout the class period, and even
during her lecture portions she engages her students by
asking, “what do we think, how do we feel about this
concept? Sort of like thumbs up, thumbs down, kind
of responses” There are a number of instructors who
teach the intro to gen chem course, and Christine has
observed many of them teach as she has served as the

course coordinator. There is a range of teaching styles
among these instructors. Christine relayed, “I would say
like...80% of our faculty interject questions throughout
their lecture, whether it’s just like a pop-up multiple-
choice kind of thing, um, a lot of people use fake click-
ers. So they have like the paper in the four spots” All
of the instructors make their lectures interactive, but
some instructors intersperse group work between lec-
ture bursts while other instructors reserve more active
engagement for a separate part of the class period.
Similarly, there is a range in the pedagogy used in the
gen chem two course. Christopher summarized, “There’s
a relatively broad spectrum. So there are definitely some
older faculty who, really just like, just lecture...Like, ‘we’re
going to give you information. You need to tell it back to
us come exam. Right. Um, I guess I would see myself in
the people who, and there are other faculty who do simi-
lar things to me, I think who, you know, I, I have not fully
gone to a flipped class by any means. Right. I've only
done, implemented sort of relatively modest group work
components to the course, but I have attempted to make
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it more engaging and attempted to focus on problem
solving and critical thinking and conceptual understand-
ing. Um, and then I have another colleague who has fully
flipped the class, um, to, you know, to the point that there
are no, no lectures at all right. Just group-based problem
solving with him around to like help the students pro-
gress through” While there are a few instructors who
have not incorporated any active learning into their gen
chem two course, the majority of instructors use at least
some techniques. Among the range in pedagogy used in
the gen chem two course, Christopher places himself in
the middle. As he describes, “when I am lecturing con-
tent, like, like 'm going through concepts, I have incor-
porated clicker questions into the, into the PowerPoint
to try and get students to be engaged. But I would say
most of the class time is spent working problems...I am
working the problem on the board, but as I'm working
through the problem, I'm constantly soliciting input from
the students as far as what the next step is...I attempt to
solicit input and engagement from the students through-
out while were working through those example prob-
lems” Christopher lectures during his class period, but
he has implemented techniques to make those lectures
interactive.

The chemistry department at Cedar University pro-
vides an example of a number of motivated people, some-
times independently and sometimes collectively, making
changes to their teaching and developing a culture that
together leads to an overall high level of active learning
use in the intro courses in the department. The evolution
of teaching in the intro courses in this department is not
quite as straightforward as at Pine Community College,
but our model elucidates the factors contributing to the
current pedagogical state.

There are a variety of instructors in the introduc-
tory courses, including and extending beyond Christine
and Christopher, who are motivated to use active learn-
ing. For example, Christopher told us about another gen
chem 2 instructor, Carl, who has flipped his section of
the class (and also uses that technique in the upper-level
courses he teaches). Cedar University has an initiative to
improve its student graduation rates and Carl was able
to leverage the funding opportunities created by this
institutional pressure to transform his gen chem course.
Carl “received an internal grant to do that [flip gen chem]
through this [graduation] initiative” The use of a flipped
classroom now extends beyond Carl, as well. As Christo-
pher relayed, Carl “flipped analytical chemistry first...he
was the first person in the department to, to make that
radical of a change in his teaching style. [Another col-
league] was unhappy with how inorganic was going. So ...
she got his materials, talked with him, got guidance from
him, but then developed her own spin on that. Another
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physical chemistry colleague has also worked with, with
[Carl] to develop a flipped version of that class” Carl is
a motivated faculty member who has helped develop
a collaborative culture around teaching by aiding col-
leagues in implementing their own flipped classrooms,
thus supporting fellow motivated faculty in using
active learning.

Christopher himself has helped develop a collabo-
rative culture around teaching in the department. He
shared, “myself and another colleague took the initiative
to develop standardized learning objectives for the [gen
chem 2] course, and also to develop a set of materials that
are shared. So like my lecture notes are shared with all
of the new instructors, but it doesn’t mean they have to
use them. Right. But they are provided a set of working
lecture notes, they are provided a common final that was
decided by four of us faculty who teach the course” Pre-
vious to Christopher and his colleague’s efforts, there was
not a common set of learning objectives across the dif-
ferent sections of the gen chem 2 course. By collaborat-
ing with colleagues to develop these learning objectives,
as well as a common final, Christopher helped develop a
more collaborative culture around teaching in the depart-
ment. In terms of sharing materials with colleagues,
Christine reported a very similar situation for the intro to
gen chem course: “When I was coordinator, what I would
do is, you know, send everyone my complete packet of
materials. And so I had problem sets, which then mor-
phed into activities, right?... I provide them with as much
information as they want” Collaboration can be enacted
in many ways, from sharing course materials, to collec-
tively determining the objectives for a course, to working
together to implement a new teaching technique.

The motivated people in the department also include
chemistry education researchers (CER). These faculty
regularly teach courses in the introductory sequence.
Christine explained the impact of the CER faculty on
the intro to gen chem course, sharing, “Two of our three
chemical education researchers are actually teaching
our introductory course right now. And, and then our
full-time lecturer is actually a chemical education/phys-
ics education researcher. We have a very strong influ-
ence. And so I would say that weirdly, that course [the
intro to gen chem course] more so than any other course,
has, is constantly evaluating the value in what we’re cov-
ering...they also have, you know, this chemistry place-
ment exam...And we have also started implementing that
as part of our final exam in the introductory chemistry
class...So we've been doing some evaluations based on
those results as well” The CER faculty are contributing
to a culture of continual innovation in the classroom
by continually assessing the outcomes in the intro to gen
chem course and reflecting on the goals of that course.
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They also bring knowledge of active learning to the
department.

One of the senior CER faculty helped drive change in
the class scheduling so that it was more conducive to
active learning. As Christine shared, led by this CER fac-
ulty member, “we kind of made a push in our department,
to our department chair, to change all of our scheduling,
so that the lecture and the activities for both intro to
gen chem and gen chem one, were back-to-back so that
you had your instructor the entire time, for both parts”
This schedule change led to greater continuity between
the different parts of the course and allowed for easier
integration of activity into the “lecture” portion of class.
Christopher explained, “first semester general chemistry
has an activity component to it. So it’s sort of like a built-
in recitation. So, it can either be like a separate thing
where you have like, here’s the hour and 15 min long
lecture, break, recitation, or it can be all interwoven into
one thing. And I think [the CER people] sort of integrate
the recitation...I think they do do group-like things and
part of that’s facilitated by having this extra activity time
that’s built in, or they have some malleability in schedul-
ing because of that” Metivated faculty members helped
develop a culture and structure supportive of active
learning by transforming the way some of the introduc-
tory courses in the department are scheduled.

The influence of STEM education research spans
beyond the CER faculty. Christopher reported, “Well, I
think many of us know, right. That from, from the large
amount of chemical, chemistry education research,
right. That, you know, just straight lecturing without any
attempts to engage students is not effective. And so, you
know, I think those of us in the department who care
about being effective educators are thinking about ways
of better engaging the students” He states that many of
the faculty have knowledge of the results from chem-
istry education research and the faculty who are moti-
vated to teach better are trying to enact that knowledge
in their classrooms. Christopher also stated that the
university has, “a center for STEM science education.
So there are members of biology, physics, and chem-
istry, maybe geology is, there must be math people too.
So there are other STEM education researchers in the
college, which I also think probably helps to foster that
side of things [hiring CER people]” There is a culture of
DBER on campus which supports the CER presence in
the chemistry department.

The motivated people currently extend to the depart-
ment leadership as well. The chair of the department
uses many active learning techniques in his classroom.
Christine relayed, “[the chair] is really into creating active
learning classrooms. So he actually got a grant to create
an organic chemistry, active learning classroom where
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the tables do pivot easily and that kind of thing, and dry
erase boards everywhere and monitors everywhere” Not
only is the chair motivated to use active learning tech-
niques, but he was also able to leverage local funding
opportunities to implement his ideal classroom. Beyond
this material display of his interest in teaching, he has
also helped shift the culture of the department. Christine
recounted, “I will say that there has been a really big evo-
lution over that time. So, he’s the third chair that I think
I've been through. And so it definitely has been, there
were previous chairs who were really not very, they were
still kind of part of the older generation where it’s like,
‘Research is the only thing that matters. Yeah. We have to
teach our classes too, but! I would say our current chair
has been very transformative towards the department to
also put more value on the teaching that we are doing.
And it’s not just like the throw off thing, it’s like, no, this
really does matter because it makes everything easier
down the road. Like he’s really stressing the relevance
of advising...And you know, getting kids to graduation”
The current chair has helped develop a culture of valu-
ing undergraduate teaching in the department, placing
emphasis on the importance of teaching. This excerpt
also shows that for the chemistry department at Cedar
University, teaching transformation was not always a top-
down effort; past chairs have not all shared the commit-
ment to teaching that the current chair holds.

Another aspect of the department culture is send-
ing their faculty to external professional develop-
ment around teaching. Christine shared how, “another
colleague and I were actually sent to an active learn-
ing workshop run by NSF specifically for analytical
chemistry. And so that’s, and so [colleague] and I have
brought back a lot of the stuff that we learned at that
workshop and brought it back to the department. So
that, we, that’s how, what really influenced a lot of the
changes that I made in the way that I taught [the intro
to gen chem course]. So, and then, you know, talking
to the department about, ‘Oh, we learned this and this
and this. And then is this something that you think
you could use in your classroom? We found that it was
really helpful.” This excerpt illustrates the connection
between culture and motivated people, displayed by
the blue, leftward-pointing arrow in Fig. 3: an aspect of
the department culture, sending faculty to external
professional development, supported Christine and
another motivated faculty member in gaining knowl-
edge about active learning. They were then able to
share what they learned with others in the department,
enhancing the culture of collaboration around teach-
ing (and illustrating the connection between motivated
people and culture displayed by the red, rightward-fac-
ing arrow in the model).



Lau et al. International Journal of STEM Education (2024) 11:10

The culture of supporting teaching extends to how
teaching is evaluated in the chemistry department.
As Christine explained, “The way that our departmen-
tal standards for tenure and stuff are set out, it allows
the flexibility to try new things and actually encourages
it even if you're going to, because you're always going
to take a hit [in your student evaluation scores]. Until
you figure, until you get it ironed out, um, and I would
say that we, we welcome that” She describes teaching
evaluation policies that are supportive of the uptake
of active learning methods because they encourage
instructors to experiment with teaching techniques in
the classroom. Notably, Christopher who is pre-tenure
relayed a very similar perspective to that of associate
professor Christine. Christopher said, “I think also the
senior colleagues have also understood that when you
try a new teaching style, that students, um, we have stu-
dent opinion questionnaires...can take a hit, especially
the first time you do something. So I guess I'm trying to
say is I don’t, I don’t think there’s pressure to conform
to one specific pedagogical strategy...the expectation
is that we are trying to grow as educators and that we
are finding strategies that are successful and successful
based on having student feedback that suggests that,
having, you know, also reflecting on what we’ve done,
you know, not just, and also like informal feedback
throughout the semester from the students, in addition
to like the final feedback at the end of the semester” The
teaching evaluation policies do not punish instructors
for trying new pedagogy and in fact encourage contin-
ual innovation in the classroom with the expectation
of growth and reflection.

In summary, the chemistry department at Cedar Uni-
versity has established a high level of active learning
use in its introductory courses through the efforts of a
constellation of motivated faculty who have developed
a supportive teaching culture which in turn supports
their individual work. While the current department
chair is a strong advocate for active learning, the uptake
of innovative pedagogies was generally not a top-down
initiative. Individual faculty members have transformed
their teaching, sometimes collaborating with peers to
enact the change or supporting colleagues interested in
adopting their teaching practices. These motivated fac-
ulty were also able to leverage local funding opportuni-
ties to support implementation of active learning. The
CER presence in the department and the DBER presence
campus-wide has helped enhance the culture supportive
of teaching. Professional development supported by the
department served to increase the teaching knowledge
of motivated faculty, who then shared that knowledge
with the rest of the department. Department structures,
such as teaching evaluation policies, reinforced a culture
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of continual teaching innovation and allowed motivated
faculty to continue to try new teaching techniques.

Discussion

The model of the characteristics of departments that are
high users of active learning consists of four components,
one outcome, and two feedback loops. The four compo-
nents are motivated people, knowledge about teaching,
opportunities, and cultures and structures that support
active learning. In these departments, there are indi-
viduals motivated to increase active learning use in the
introductory STEM courses, who have knowledge of
research-based instructional strategies and are able to
leverage a variety of opportunities to implement active
learning instructional practices. The efforts of these
people are enhanced by cultures and structures in their
department and institution that are supportive of active
learning and, in a positively reinforcing loop, these peo-
ple act to enhance those very cultures and structures.
The cycle between these components leads to high use
of active learning in the introductory courses in these
departments, and once active learning is implemented in
these courses, that acts to reinforce the culture support-
ive of active learning.

The model is consistent with literature suggesting that
motivated people with knowledge of good teaching prac-
tices are important for teaching change. For example,
according to Huber and Hutchings (2021), an important
contributor to departmental changes around teaching
is an embedded educational expert. These embedded
experts could be post docs, such as were used in the
Wieman Science Education Initiative (Wieman et al,
2010) model of change, but they could also be hired
into temporary faculty positions, or even permanent
faculty positions (Huber & Hutchings, 2021). The lat-
ter are often known as Science Faculty with Education
Specialties (Bush et al., 2008) or Discipline-Based Edu-
cation Research (DBER) Faculty (Andrews et al., 2016;
NRC, 2012). Relatedly, Denaro et al. (2022) studied the
active learning practices of faculty in the University of
California system, which has tenure-track positions for
education-focused faculty. Faculty in this role still have
a scholarship expectation, and many engage in DBER
(Denaro et al.,, 2022). Examining faculty in STEM disci-
plines, Denaro et al. (2022) found that faculty in these
teaching-focused roles were more likely to use active
learning practices than research-focused tenure-track
faculty. Indeed, half of the departments in our sample
had a “motivated person” who was trained in discipline-
based education research and/or currently conducting
education research. Notably though, all departments in
our sample had STEM faculty who were not education
researchers but were still motivated and knowledgeable
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of active learning. This suggests that having typical fac-
ulty (who are not education researchers) involved may be
critical for department-wide adoption of active learning.

Motivated people are also needed to provide leadership
in change efforts. Over three-quarters of the departments
in our sample mentioned chairs that were supportive of
teaching change. Involvement of people in leadership
positions such as chairs and deans was also found to be
an important factor in Feola et al’s (2023) study of three
institutional educational change efforts. Leaders do not
have to hold official leadership titles; however. we saw
a number of departments where change occurred in a
grass-roots fashion rather than as a top-down effort from
those in formal leadership positions. As McAlpin et al.
(2022) describe, instructors who use active learning tech-
niques are more likely to be asked by their colleagues to
discuss teaching, and this can lead to their colleagues’
adoption of active learning practices. Substantial lit-
erature suggests that a change effort with no leadership
is not likely to be successful. For example, Huber and
Hutchings (2021) found that the critical factor in success-
ful departmental change was the way that department
leaders set up conversations about student learning and
supported community building within the department.
Similarly, Elrod and Kezar (2016) highlight the impor-
tance of leadership in the change process. According
to their model, leadership is necessary for starting the
process.

The present study also adds to the literature demon-
strating that departmental change requires changes in
departmental and institutional culture and structures
(Eckel & Kezar, 2003; Henderson et al., 2011; Reinholz &
Andrews, 2020; Reinholz et al., 2019). Further, our model
supports the findings that cultures and structures are
changed iteratively through continual conversation and
relationship building (Huber & Hutchings, 2021; Rein-
holz et al., 2019). Specifically, we found that conversation
and connection among the people motivated to enact
active learning helped develop and enhance a depart-
mental culture supportive of active learning. Addition-
ally, we found that cultures and structures supportive of
active learning are not only important in and of them-
selves, but also are crucial because of the role they play in
supporting and increasing the number of motivated peo-
ple in a department.

The model we describe in this paper is perhaps most
similar to the Four Frames model (Reinholz & Apkar-
ian, 2018), but puts different emphasis on the factors
it describes. Both models include the components of
structures and people. What the Four Frames describes
as symbols is embedded in what we call culture. Power
is not a distinct component in our model as it is in the
Four Frames, but power is somewhat incorporated
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in our motivated people factor which includes people
from different hierarchical statuses. However, the mod-
els diverge in how they organize or frame the compo-
nents, and the resulting emphasis on different factors.
The Four Frames describes all four "frames" (structures,
people, symbols, power) as ways to understand the
culture—or, four interrelated components of culture.
Thus, the framing is that culture is the most impor-
tant thing in a change effort. In our model, culture is
one of the several important things to pay attention
to and we separate people from the culture (while still
acknowledging the dynamic interplay between people
and culture). Our model also highlights the roles of
knowledge and opportunities, which are not prominent
in the Four Frames model. Both models can inform the
product (outcome) of a change effort, but depending on
the situation and the way change agents conceptualize
culture, one model may be a “better fit” in designing a
theory of change for a given context.

The model of characteristics of departments that are
high users of active learning has been corroborated in
another context: physics teacher education programs.
In her evaluation report, Chasteen (2021) adapted the
model to describe the sustainability of physics teacher
education programs in 16 physics departments that have
received grants from the Physics Teacher Education Coa-
lition (PhysTEC) to support physics teacher education.
These grants were typically $300,000 over 3 years, plus
a 3-year institutional match. Chasteen found that “site
sustainability increased overall as more elements from
the model were added” (Chasteen, 2021, p. 22). Sites that
lacked motivated people or structures and cultures sup-
portive of physics teacher education did not have sus-
tained programs. Sites with mostly motivated people, but
a lack of structures and cultures, had mixed results. The
most successful sites were those with motivated people
and both structures and cultures that interacted in a pos-
itive feedback loop to support physics teacher education.
This provides evidence that the basic model developed in
this study is applicable beyond the specific case of high
active learning use in introductory courses. Future work
should test the model in additional contexts to better
understand the range of applicability.

Furthermore, the work of Chasteen (2021) also
addresses one of our study limitations; namely, that we
cannot say for certain whether the same set of charac-
teristics in our model do not also appear in lower use
departments. The results from Chasteen (2021) suggest
that outcomes are decreased as the number of model
components present decreases. While further research
is needed, this provides some evidence that the charac-
teristics identified in the model may actually lead to the
outcome.
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The model provides insight into what a STEM depart-
ment could do to try and create a high level of active
learning use in its courses. In describing the character-
istics of departments that are high users of active learn-
ing, the model helps illustrate the desired outcome. This
is useful for a department crafting its theory of change,
needing to articulate how its planned interventions will
lead to intended outcomes (Reinholz & Andrews, 2020).
The departments with high use of active learning in our
sample had all of the model components present and
interacting synergistically, as depicted with the arrows
in the model. This suggests that a change effort focused
on only a subset of the components—for example, focus-
ing solely on increasing motivated people, or providing
opportunities—may not be successful.

In addition, while the model suggests that each of the
components are necessary for high use of active learning
in the department, we found that how each component
is enacted can vary significantly. Thus, the specific details
of each component found in this study (see examples in
Table 3) should not be seen as a comprehensive list, but
rather as a set of examples to spur thinking. Each depart-
ment will have to identify for themselves how to best
enact these components in their own setting.

The model further suggests that high use of active
learning in a department develops over time, through
iterative and positively reinforcing feedback loops. In
most of the departments we studied, this positive feed-
back loop was enacted over many years or even dec-
ades and was not strategically planned from the start.
Although further work is needed to verify this, it is
likely that well planned change efforts could significantly
reduce the time needed. For example, in her work with
departments that were funded to improve physics teacher
education, Chasteen (2021) found that a three-year exter-
nal grant (often followed by a three-year institutional
match) along with all model components present led to
sustained improvements in teacher education. Thus, we
suspect that 3—-6 years may be a reasonable timeframe
within which to think about creating meaningful and sus-
tainable change.

It is also important to note that, while external fund-
ing may be helpful and may allow for faster change, it is
not necessary for the implementation of active learning.
Four of the 16 departments we studied indicated that
they had external funding that contributed to their high
use of active learning. The rest of the departments took
advantage of opportunities (some funded, some not)
internal to their institutions. Any opportunities that sup-
port the positive feedback loops depicted in the model
are likely to pay dividends in the long run. This includes
things such as hiring people who support the vision of
active learning instruction, using graduation initiatives to
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advocate for research-based teaching practices, and par-
ticipating in an institution-wide active learning initiative.

Limitations

This study and the resulting model have several impor-
tant limitations that should be addressed in future work.
The model developed in this study is based on data from
high use of active learning departments. Thus, some of
the features and processes that we identify in the model
may also be present in departments with lower levels of
use of active learning instruction in their introductory
courses. Aligned with a grounded theory methodol-
ogy, future work should iterate on the sampling used in
the current study to include data from departments with
low use of active learning, as well as departments where
the four model components are present but there is not
high use of active learning. This additional data collection
could help refine and develop the model into a change
theory (an empirically based and generalizable descrip-
tion of how change occurs (Reinholz & Andrews, 2020)).

In addition, the selection of departments with high use
of active learning in the introductory courses (3 +instruc-
tors in the top quartile of their discipline and institution
type in terms of percent class time students spend in non-
lecture activities) was based on the self-reported prac-
tices by those instructors who chose to respond to the
initial survey. Self-reported levels of use of active learn-
ing may vary from reality. To minimize this limitation,
in the interviews we asked participants to describe their
teaching practice and this helped us confirm that they
actually were using the active learning techniques they
had selected in our survey. More importantly, though,
instructors who did not respond to the survey may have
very different levels of use of active learning instruction
in the introductory courses than those who did respond.
In the interviews, we asked respondents how similar they
felt their instruction was to others in the department.
Except for those in very small departments, most often
they indicated that they did not feel sufficiently knowl-
edgeable about the instructional practices of more than a
couple of their colleagues. However, we also asked them
what they thought contributed to their department’s
high-use of active learning, and no participant objected
to the description of their department as “high-use”

We also note that there was one department in our
sample where all the elements of the model were present,
but the connections between the factors (the cycle) was
not clear based on the interviews we collected. There was
no counterevidence in the interviews to suggest that the
connections between factors did not exist as described
in the model, but, unlike the other departments, we
were not able to confirm the connections for this depart-
ment. This could be due to the particular perspectives
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and department knowledge of the two people we inter-
viewed, or this may demonstrate that the model is not
perfectly applicable to every high use of active learning
department. We still are confident in the model because
it explains well the other 15 departments in our analysis
sample, but future work should test the model on addi-
tional departments to identify nuances in its applicability.

Finally, we only interviewed a maximum of two
respondents in each department. Having two respond-
ents afforded us the opportunity to do some level of
triangulation, and there were usually many things that
both respondents agreed on. However, in some cases, a
particular aspect or characteristic of the department was
only mentioned by one respondent. We did include these
things in the model when they arose in multiple depart-
ments. There was only one example where respondents
from the same department explicitly disagreed about the
role of a factor on the teaching in the department. In that
case, one interviewee said a commitment to teaching
innovation was an important factor in hiring decisions,
whereas the second interviewee said that a new faculty
member was hired because they teach traditionally. We
considered their statements in the context of their his-
tory and experience with the department as well as their
consistency in perspectives shared throughout their
interviews. We decided that hiring was an important fac-
tor for innovative teaching in that department because
Interviewee Two actually provided support for that per-
spective as well— while they mentioned one person being
hired because of their traditional teaching, they talked
about multiple new faculty who are very interested in
adopting active learning techniques.

Conclusions
Based on interviews with 27 instructors in 16 depart-
ments, we have developed a model that highlights the
relevant characteristics of chemistry, math, and physics
departments that have high use of active learning instruc-
tion in their introductory courses. According to this
model, there are four main characteristics of such depart-
ments (motivated people, knowledge about teaching,
opportunities, and cultures and structures that support
active learning) and two positive feedback loops. There
are two main take-away messages for those interested in
promoting the use of active learning in their department.
The first is that all four components are important. A
weak or missing component could limit the desired out-
come. The second is that desired outcomes are obtained
and strengthened over time through two positive feed-
back loops. It is likely unrealistic to expect meaningful,
sustainable change to occur in less than three years.

The model developed in this study can help academic
departments and institutions attain greater use of active
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learning instructional strategies. Departments that are
just starting out can use the model to strategically plan
change efforts. The model suggests that all four com-
ponents are necessary, but that each can be enacted in
different ways. A diagnosis of the current state of the
department with respect to the four components (and
existing links between them) can help the department
decide the desired outcomes of their change initiative
and where to most effectively place their efforts.

Similarly, a department that is already engaged in
an effort to increase the use of active learning instruc-
tion can use the model to review their efforts and iden-
tify components and connections that are either not
enacted or that could be made more robust.

We also have evidence that this model can explain the
success and lack of success of departmental efforts to
improve physics teacher education (Chasteen, 2021).
Thus, the basic model components and relationships
may be applicable to a wider range of departmental
outcomes than the high use of active learning instruc-
tion in introductory courses. This should be explored in
future work.
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