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Abstract

A considerable body of evidence demonstrates that active, student-centered instructional practices are more
effective than lecture-based, transmissionist approaches in improving undergraduate STEM learning. Despite this
evidence and extensive reform initiatives, the majority of STEM instructors continue to teach didactically. Awareness
of teaching innovations is widespread in some STEM disciplines, and instructors report trying new instructional
approaches, yet the majority of them fail to continue using active learning strategies. Recent work suggests that the
decision to experiment with and persist in using a teaching innovation is influenced more by instructors’ perceived
supports (e.g., access to curricular resources, supportive colleagues, positive departmental climate toward teaching)
than perceived barriers. This commentary expands on the notion that the instructional decision-making process is
personal and influenced by both individual and contextual factors to explicitly model the potential mechanisms by
which peers encourage or discourage adoption of teaching innovations. We also discuss implications of this work
for future research. We hope that this model will be helpful for work related to increasing the prevalence of active,
student-centered instruction in undergraduate STEM.
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Introduction
In the continuing effort to improve undergraduate STEM
(Science, Technology, Engineering, and Mathematics)
education, the importance of active learning techniques,
frequent formative assessment, and other research-based
instructional practices is often highlighted (Bradforth et al.
2015; Committee on STEM Education of the National Sci-
ence and Technology Council 2018; Freeman et al. 2014).
Recent calls to action have stressed the need for more in-
structors to use research-based practices in undergraduate
STEM, and extensive efforts continue to be made toward
this goal (AAAS 2015; National Academies of Sciences
2018; Owens et al. 2018). Yet, there is still substantial evi-
dence that many university STEM instructors continue to
teach primarily didactically (Eagan et al. 2014; Stains et al.
2018). Even when instructors are aware of research-based
practices and express positive attitudes and intent to use

them (Henderson et al. 2012; Lund and Stains 2015), they
may implement the practices with modifications that de-
crease their effectiveness (Offerdahl et al. 2018; Stains and
Vickrey 2017) or fail to persist in using them (Henderson
et al. 2012; Offerdahl and Tomanek 2011).
Ultimately the decision of what and how to teach is af-

fected by both personal and contextual factors (e.g., An-
drews and Lemons 2015; Gess-Newsome et al. 2003;
Sturtevant and Wheeler 2019). Research on change in
higher education, and undergraduate STEM in particu-
lar, emphasizes the need to more fully understand indi-
vidual teaching decisions within a broader institutional
context if long-lasting changes are to be catalyzed and
sustained (Austin 2011; Kezar 2014; Reinholz and
Apkarian 2018). Indeed, undergraduate STEM instruc-
tors work within complex institutional systems that in-
clude formal and informal social networks (Bouwma-
Gearhart et al. 2016; Kezar 2014). It may therefore seem
intuitive that social interactions are a critical aspect of
context that shapes the likelihood of change in higher
education, yet this basic assumption has seldom been
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reflected explicitly in the change literature (Kezar 2014).
Importantly, there has been little attention given to the
mechanisms by which academic peers influence STEM
instructors’ decisions whether to adopt research-based
teaching innovations in the classroom.
The aim of this commentary is to expand on existing

notions of instructors’ decision-making to explicitly ac-
count for how academic peers influence the implemen-
tation of research-based instructional practices. To this
end, we have incorporated literature regarding
innovation adoption (e.g., Andrews and Lemons 2015;
Marbach-Ad and Hunt Rietschel 2016; Rogers 2003),
peer influence (e.g., Dancy et al. 2016; Quardokus and
Henderson 2015; Tomkin et al. 2019), departmental cli-
mate (e.g., Knight and Trowler 2000; Landrum et al.
2017; Lund and Stains 2015), and institutional change
(e.g., Austin 2011; Kezar and Holcombe 2019; Marker
et al. 2015; Reinholz and Apkarian 2018) to model three
mechanisms through which peer interactions affect in-
structors’ innovation adoption decisions. We conclude
with implications and suggestions for future research.

A model of peer effects on instructional
innovation adoption
The pedagogical decision-making process of under-
graduate STEM instructors has been described using an
innovation-decision framework (Andrews and Lemons
2015; Rogers 2003). The decision whether or not to
adopt a teaching innovation (i.e., research-based instruc-
tional practice) includes several phases: finding out
about an innovation (knowledge), forming opinions
about it (persuasion), deciding (decision) whether or not
to try it (implementation), and deciding whether or not
to continue using it (continuation, or adoption). While
the phases are thought to be consistent, the process is
unique to each individual due to the numerous personal
and contextual factors that come into play during each
step (Andrews and Lemons 2015; Austin 1996; Gess-
Newsome et al. 2003; Rogers 2003). The contextual fac-
tor we are focusing on here is interaction between peers
(Kezar 2014).
Instructors interacting within an academic unit form a

social network through which information and opinions
can be shared (Andrews et al. 2016; Burt 2000; Grun-
span et al. 2018; Kezar 2014; McConnell et al. 2019;
Wasserman and Faust 1994). An individual’s social net-
work is known to be an influential factor in human be-
havior; the decisions an individual makes are heavily
influenced by relationships and interactions (Dancy et al.
2016; Lane et al. 2019; Van Waes et al. 2015). Academic
peer interactions facilitate the exchange of information,
ideas, and awareness of teaching innovations, and pro-
vide encouragement and/or discouragement that can ul-
timately support or inhibit instructional change

(Andrews and Lemons 2015; Dancy et al. 2016; Hender-
son 2005; Lund and Stains 2015; Rogers 2003). The na-
ture and frequency of interactions are influenced by the
departmental and institutional context. Further, peer in-
teractions also shape perceptions of context through
communication of beliefs and practices (Grunspan et al.
2018; Pataraia et al. 2015; Roxå and Mårtensson 2009;
Thomson and Trigwell 2018), thereby affecting percep-
tions of departmental supports and barriers and ultim-
ately the likelihood of adopting teaching innovations
(Bathgate et al. 2019; Kezar 2014; Lane et al. 2019; Sha-
dle et al. 2017).
Similar to others, the model presented here builds

from the assumption that an instructor’s knowledge and
affective state are key leverage points in the decision-
making process (Fig. 1). Both an instructor’s knowledge
and affective state are activated in the innovation-
decision process to make one of three decisions: imple-
ment an innovation (with or without some sort of re-
invention or refinement), seek further information about
an innovation, or reject the innovation (at least tempor-
arily). Although peers have been identified in previous
models of instructor decision-making, their role was
subsumed under the larger construct of communication
channels that can feed information into nearly any step
of the innovation-decision process (Lund and Stains
2015; Rogers 2003; Sturtevant and Wheeler 2019). The
model presented here is unique in that it accounts expli-
citly for potential mechanisms by which peer interac-
tions influence knowledge and affective state in
particular. We assert that peers act on an instructor’s
innovation-decision process in three specific ways: (1)
they provide information to shape an instructor’s

Fig. 1 A model of peer effects on instructor innovation adoption
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knowledge (e.g., Dancy et al. 2016; Henderson et al.
2011; Lane et al. 2019; Pataraia et al. 2015), (2) they
reinforce or change an instructor’s affective state (e.g.,
Andrews and Lemons 2015; Marbach-Ad and Hunt
Rietschel 2016; Roxå and Mårtensson 2009; Sturtevant
and Wheeler 2019; Wieman et al. 2013), and (3) they
shape and communicate the teaching climate of the de-
partment, which can indirectly impact an instructor’s
affective state (e.g., Grunspan et al. 2018; Kezar 2014;
Landrum et al. 2017; Lund and Stains 2015; Shadle et al.
2017). All downstream effects of peers (i.e., decisions by
an instructor to implement or reject an innovation or
seek more knowledge) are the result of one or more
changes in either knowledge or affective state, or both.
Peer effects on an instructor’s decision-making process can

be innovation-positive, innovation-negative, or innovation-
neutral. This depends not only on what the peer does but
also on the receiving instructor’s personality, prior knowledge
and affective state, perception of prevailing teaching climate,
and features of the innovation itself (Andrews and Lemons
2015; Rogers 2003; Sturtevant and Wheeler 2019). An in-
structor interprets and processes peer input before using it
to make decisions. For example, an instructor may hear a
peer talking about using case studies to stimulate group dis-
cussion. Even if the peer is positive about their experience
with case studies, the instructor hearing it may interpret that
information in an innovation-negative way, e.g., if they do
not have a favorable view of group discussion or already feel
they have enough group discussion.
We conceive of “teaching climate” as encompassing

not only the departmental context and microclimates
within that context (Roxå and Mårtensson 2015; Schein
2010), but also the institutional and disciplinary con-
texts. Therefore, influential peer interactions are not
constrained to the department, and can often take place
outside departmental and disciplinary boundaries. Yet,
we will focus most of the following narrative within the
context of an academic unit (department), since under-
graduate STEM instructors have regular interactions
with their departmental peers, and academic depart-
ments are often the unit of instructional change initia-
tives (Andrews et al. 2016; Bush et al. 2016; Quardokus
Fisher et al. 2019; Reinholz et al. 2019). However, we be-
lieve our model can also be applied beyond the depart-
mental context.
No single model can account for every factor that in-

fluences innovation adoption. This model focuses on
peer interactions as a mechanism for influencing an in-
structor’s knowledge or affective state. An instructor’s
past and present experiences within and outside the
classroom, including the environment for equity and di-
versity (e.g., Corneille et al. 2019; O’Meara et al. 2019),
past professional development (or lack thereof) (e.g.,
Emery et al. 2020; Grunspan et al. 2018), and student

input (e.g., Cook-Sather 2020; Wallace et al. 2019) shape
their present knowledge and/or affective state (Emery
et al. 2019; Shadle et al. 2017; Sturtevant and Wheeler
2019). The contribution of this model is the explicit
linking of peer interactions as a mechanism for impact-
ing knowledge and affect. For example, attributes of the
innovation (e.g., trialability, ease of use; Rogers 2003)
may affect likelihood of implementation but are not con-
sidered explicitly in the model. Rather, our model pro-
poses that knowledge of these attributes may be
ascertained in part by conversation with peers or by try-
ing the innovation. In the following sections, we will dis-
cuss the individual components of our model in terms of
the impacts of peer interactions.

Teaching climate
Undergraduate STEM instructors function within depart-
mental and institutional contexts which considerably in-
fluence decisions about what and how to teach (e.g.,
Austin 2011; Landrum et al. 2017; Walter et al. 2014). Ef-
forts to understand the conditions under which instruc-
tors are likely to consider and adopt alternative teaching
approaches must therefore take into account the complex-
ity of academic contexts (e.g., Austin 2011; Bouwma-
Gearhart et al. 2016; Kezar 2014; Reinholz and Apkarian
2018). In particular, significant work has demonstrated
that peer interactions and instructor behaviors are heavily
dependent on the teaching climate, which can impact
teaching and research identities, satisfaction with teaching,
priority placed on teaching, and attitude toward teaching
innovations (Grunspan et al. 2018; Knight and Trowler
2000; Quardokus Fisher et al. 2019; Schein 2010; Walter
et al. 2014).We define climate as an emergent property of
a department’s prevailing culture, disciplinary history, in-
teractions between members of the department, and out-
side influences such as institutional context and external
stakeholders (Emery et al. 2019; Grunspan et al. 2018;
Schein 2010; Schneider et al. 2013).
Each academic department has a unique complement

of drivers and barriers, leading to a distinct departmental
climate for teaching and instructional change with its
own norms around teaching and social interactions
(Lund and Stains 2015; Reinholz and Apkarian 2018;
Roxå et al. 2011; Walter et al. 2014). Norms are defined
as commonly known expectations or ways of doing
things within a particular context—in this case, an aca-
demic department. Variation in climate and norms re-
sults in differential impacts on both individual instructor
change and the potential for cultural change (Lund and
Stains 2015; Reinholz and Apkarian 2018; Shadle et al.
2017; Sturtevant and Wheeler 2019). Recent studies in-
dicate that a supportive department is highly correlated
with the adoption of teaching innovations (Bathgate
et al. 2019; Carbone et al. 2019) and that outcomes of
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change initiatives in STEM are dependent on depart-
mental climates and norms (Chasteen et al. 2015; Sturte-
vant and Wheeler 2019).
Our model indicates that perceptions of climate com-

municated through peers can influence instructor deci-
sions through reinforcing or changing an instructor’s
affective state, including satisfaction (with teaching in gen-
eral, with a particular course or innovation, or generally
their job satisfaction in the department), the motivation or
priority placed on teaching, feelings of identity as a teacher
and/or a researcher, curiosity or confidence about trying
new teaching techniques, and beliefs about teaching
(Landrum et al. 2017; Lund and Stains 2015; Schneider
et al. 2013; Sturtevant and Wheeler 2019; Wieman et al.
2013; Woodbury and Gess-Newsome 2002).
For the model presented here, we focus mainly on the

impact of peer interactions, so we include the role of peer
interaction both in communicating climate to each other
as well as in shaping climate. We further acknowledge that
the climate includes norms around social interaction
which impact the types of peer interaction that take place
(Chasteen et al. 2015; Ma et al. 2018; Owens et al. 2018;
Smolla and Akçay 2019). However, discussion of add-
itional aspects of climate which may be directly perceived
by instructors and influence their behavior (such as access
to instructional resources, promotion and tenure policies
and procedures, formal recognition of excellent teaching,
and opportunities for professional development) is beyond
the scope of this model.

Knowledge
Knowledge has previously been identified as a critical
component of the innovation-decision process (Andrews
and Lemons 2015; Rogers 2003). In our model, know-
ledge is defined as information an instructor has regard-
ing a teaching innovation, its implementation, or the
context within which it is to be implemented. Previous
work has identified several types of knowledge that are
important in teaching and instructor decision-making
(e.g., Auerbach et al. 2018; Juhler 2017; Pataraia et al.
2015; Van Driel and Berry 2012) and explored the types
of knowledge that can be exchanged through interaction
with peers (Andrews and Lemons 2015; Dancy et al.
2016; Pataraia et al. 2015). As an example, pedagogical
knowledge (e.g., knowledge of learning theory, under-
standing of the role of motivation and student affect in
learning) would help instructors discern the most im-
portant components of an innovation and evaluate it
(Auerbach et al. 2018; Auerbach and Andrews 2018;
Jones and Moreland 2005; Van Driel and Berry 2012).
Such knowledge could easily come from departmental or
disciplinary peers if they teach similar topics (Pataraia
et al. 2015; Quardokus and Henderson 2015). Another
example of knowledge that may come from

departmental peers is awareness of the existence of new
innovations (Dancy et al. 2016; Lund and Stains 2015).
Each of these types of knowledge can influence an in-
structor’s decision directly (e.g., practical tips on how to
use clickers) or by changing an instructor’s affective state
(e.g., perception that teaching innovation is a depart-
mental norm).
All forms of knowledge are dynamic, continually chan-

ging based on personal experiences and information ob-
tained from peers and other resources (Lund and Stains
2015; Marbach-Ad and Hunt Rietschel 2016; McAlpine
et al. 1999; Rogers 2003). Therefore, knowledge is con-
tinually refined when information is received through any
number of communication channels (e.g., interactions
with peers, workshops, websites), as well as from reflection
on classroom experiences (Andrews and Lemons 2015;
McAlpine et al. 1999; Rogers 2003). Instructors often ac-
tively seek out additional knowledge, particularly when
dissatisfied with their current approaches, in order to im-
plement a technique (Lund and Stains 2015; Rogers 2003).
Alternatively, knowledge can be shaped incidentally, as
when a peer mentions a new technique during a conversa-
tion or a teaching method is discussed during a required
professional development seminar.
An instructor who interacts regularly with peers po-

tentially has access to more resources and may be better
equipped to experiment with and adopt innovative
teaching techniques (Benbow and Lee 2018; Burt 2000;
Seibert et al. 2001; Van Waes et al. 2015). This may be
particularly true for instructors who interact with peers
that are education specialists or discipline-based educa-
tion researchers (e.g., Andrews et al. 2016; Bush et al.
2006) Instructors are more likely to develop relation-
ships with peers who are more similar to them (i.e., they
share homophily), which can accelerate the exchange of
information (Grunspan et al. 2014; Quardokus and Hen-
derson 2015; Rogers 2003). However, while interactions
between peers with homophily may be more efficient,
the ideas may also be more limited in scope (Kezar
2014; Quardokus and Henderson 2015). Interactions be-
tween instructors with homophily within a department
may produce micro-climates that share and reinforce a
more narrow set of ideas (Roxå and Mårtensson 2015;
Schein 2010; Tomkin et al. 2019). Further, instructors
who value teaching innovations may be more likely to
limit their interactions to those that share their same
teaching beliefs (Lane et al. 2020). As a result, peers have
the potential to both expand and constrain the trajectory
of an individual instructor’s knowledge development and
capacity for innovation adoption.

Affective state
Previous models have implicitly identified an instructor’s
affective state to be influential in the decision-making
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process (Andrews and Lemons 2015; Gess-Newsome
et al. 2003; Henderson 2005; Marbach-Ad and Hunt
Rietschel 2016; McAlpine et al. 1999; Rogers 2003; Stur-
tevant and Wheeler 2019). We draw on these literatures
to conceptualize an instructor’s affective state to include
their attitudes, values and goals as well as satisfaction,
confidence, motivation, prioritization of teaching, and
teaching identity. Like knowledge, affective state is con-
stantly in flux depending on changes in the instructor’s
personal situation, departmental climate, new know-
ledge, and classroom experiences (Henderson 2005;
McAlpine et al. 1999; Rogers 2003; Shadle et al. 2017).
Since knowledge is affected by interactions with peers
(e.g, hearing about a new assessment technique), the
affective state of an instructor will be influenced by new
information acquired by an instructor. Further, an in-
structor’s perceptions of the teaching climate within
their department and institution is obtained, in part,
through interaction with peers, which will also impact
the decision-making process (e.g., motivation to change
may be lower in climates that value research over teach-
ing) (Andrews and Lemons 2015; Bathgate et al. 2019;
Knight and Trowler 2000; Lund and Stains 2015; Pugh
and Hickson 2007). Through peer interactions, under-
graduate STEM instructors can receive the encourage-
ment necessary to decide to implement their knowledge
of an instructional innovation (Andrews and Lemons
2015; Dancy et al. 2016; Lund and Stains 2015; Rogers
2003). Communities of practice provide knowledge as
well as emotional and practical support shown to be im-
portant for sustained change (Guskey 2002; Henderson
et al. 2011; Owens et al. 2018; Sirum and Madigan 2010;
Wieman et al. 2013). Interactions with peers also pro-
vide opportunities for instructors to communicate in-
structional beliefs and practices, as well as perceptions
of departmental norms (Grunspan et al. 2018; Pataraia
et al. 2015; Roxå and Mårtensson 2009; Thomson and
Trigwell 2018).
Peer interactions can influence the affective state of an

instructor, and therefore their innovation-decision
process, directly (e.g., increasing confidence in risk-
taking in the classroom), indirectly by communicating
information (e.g., awareness of a new teaching tech-
nique), or by communicating and changing departmental
norms (e.g., perceptions of a climate that values
evidence-based teaching). Peers can also be a persistent
barrier to innovation when they reinforce ideas about
teaching norms that are not conducive to implementa-
tion of such innovations (Emery et al. 2019; Henderson
et al. 2012; Lund and Stains 2015; Rogers 2003). Finally,
interactions with peers are likely to interact with an in-
structor’s personal and professional identity to affect an
instructor’s satisfaction with teaching and perceptions of
support and security in taking instructional risks (e.g.,

Chesler and Young Jr 2007). For example, instructors
who identify with persons excluded because of their eth-
nicity or race (PEERS; Asai 2020) or as a member of the
LGBTQ+ community will potentially experience teach-
ing differently than instructors who identify with histor-
ically overrepresented groups (e.g., Chesler and Young Jr
2007; Cooper et al. 2019). Furthermore, an instructor’s
cost-to-benefit analysis when weighing the time needed
to adopt a teaching innovation versus time for research
may be impacted by stereotype threat associated with
identification in a particular social group (e.g., Milner
and Hoy 2003; Ponjuan et al. 2011).

Decision
Both knowledge and affective state are activated to make
a decision about whether or not to implement an
innovation (McAlpine et al. 1999; Sturtevant and
Wheeler 2019; Trowler and Cooper 2002). Our model
suggests university STEM instructors form and re-form
opinions about innovations through a cyclical and itera-
tive process. Persuasion has been represented as a separ-
ate step in early innovation-decision models (Rogers
2003), but we follow Andrews and Lemons (2015) by
not including it as a separate step. We acknowledge that
persuasion is part of the process of opinion forming by
which knowledge influences affective state and these to-
gether initiate decision-making.
Decision-making can take place just once or many

times. Attitudes formed about an innovation (including
a belief that the innovation is better than current prac-
tice) do not always produce changes in classroom prac-
tices due to other affective influences and barriers,
including departmental climate and norms (Buehl and
Beck 2014; Lund and Stains 2015; Offerdahl and Toma-
nek 2011; Sturtevant and Wheeler 2019). Our model
identifies three possible outcomes of the decision-
making step: implementing an innovation as prescribed
or with some modifications (Offerdahl et al. 2018; Stains
and Vickrey 2017), seeking more information about the
innovation, and rejecting the innovation.

Implementation
Undergraduate STEM transformation efforts aim to in-
crease the frequency with which instructors decide to
implement research-based instructional practices. Some
instructors will decide to enact a research-based instruc-
tional practice (e.g., peer instruction, team-based learn-
ing, process-oriented guided inquiry learning) exactly as
they first became aware of it. But more commonly in-
structors make changes, particularly following their own
experiences with implementation and reflection (Hen-
derson 2005; Rogers 2003; Stains and Vickrey 2017). Re-
finements or whole-scale reinventions can happen
before or after trying innovations in an effort to obtain
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or preserve instructor satisfaction (Marbach-Ad and
Hunt Rietschel 2016; McAlpine et al. 1999).
Once an instructor has implemented a research-based

instructional practice, their own classroom experience
becomes a primary source of information to evaluate the
innovation (Andrews and Lemons 2015; Guskey 2002;
McAlpine et al. 1999; Sturtevant and Wheeler 2019). In-
structors may also seek input from peers who can help
them reflect on their experiences and suggest changes
for future implementation (Bandura 2001; Rogers 2003;
Roxå and Mårtensson 2009). Perceptions of the teaching
climate may also influence their reflections on the effi-
cacy of the instructional practice and subsequent deci-
sions (Lund and Stains 2015; Morris et al. 2015).
Long-term adoption, also known as confirmation

(Rogers 2003) or continuation (Henderson 2005) ideally
incorporates reflection on past classroom experiences on
repeated cycles. Instructors continually decide to imple-
ment an innovation iteratively, making refinements as
necessary based on results of previous iterations as well
as new information they obtain (Andrews and Lemons
2015; Henderson 2005; Henderson et al. 2012; Marbach-
Ad and Hunt Rietschel 2016; McAlpine et al. 1999;
Trowler and Cooper 2002).

Seeking additional knowledge
Often an instructor seeks additional information before de-
ciding to implement a new teaching practice (Lund and
Stains 2015; Marbach-Ad and Hunt Rietschel 2016; Rogers
2003). Seeking knowledge can be motivated by dissatisfac-
tion with current teaching practice, prioritization of change
(Andrews and Lemons 2015; Pataraia et al. 2015; Roxå and
Mårtensson 2009; Sturtevant and Wheeler 2019), or depart-
mental climates in which talking about teaching is the
norm (Owens et al. 2018; Roxå and Mårtensson 2009; Van
Waes et al. 2015). Instructors may seek teaching-related re-
sources or reach out to a peer viewed as possessing expert-
ise in order to get ideas for improving teaching or
addressing a particular problem (Henderson 2005).
The decision to seek additional information is gener-

ally a conscious one. In some cases, information about a
teaching innovation is acquired passively. For example, a
peer may share with another instructor their experiences
in trying a new teaching innovation. The instructor will
therefore have received information about the
innovation without actively seeking it, but not have
enough information to implement the innovation them-
selves (Lund and Stains 2015). In this regard, instructors
can actively seek to increase knowledge about an
innovation, or may inadvertently receive information
from a peer. While this model explicitly recognizes the
likelihood of seeking behavior, we also recognize that
implementation decisions can happen based on initial

awareness only, without gathering additional informa-
tion (Guskey 2002; Henderson 2005).

Rejection
The third and final potential decision is to reject the
innovation, which can happen with or without first try-
ing the teaching innovation (Henderson et al. 2011,
2012; Rogers 2003). Rejection means a temporary or per-
manent end to the innovation-decision process for that
innovation, although rejected innovations can be recon-
sidered at a later date, particularly if an instructor’s cir-
cumstances or attributes change (Rogers 2003).
However, it is important to note that even rejected inno-
vations can lead to changes in an instructor’s initial
knowledge and/or affective state. This happens because
there is awareness of the rejected innovation and some
kind of opinion was formed of it (Andrews and Lemons
2015; Rogers 2003). If the innovation was tried before
being rejected, then classroom experiences also lead to
incorporation of knowledge and potential changes in
affective state (Marbach-Ad and Hunt Rietschel 2016).

Discussion and future directions
A vast literature base already indicates that the rates of
innovation adoption vary with environment (Bouwma-
Gearhart et al. 2016; Grunspan et al. 2018; Lund and
Stains 2015), instructors’ perceptions of departmental
climate impact their willingness to use innovations
(Bathgate et al. 2019; Landrum et al. 2017; Shadle et al.
2017), and persistence in using innovations is enhanced
by a supportive community (Owens et al. 2018; Thom-
son and Trigwell 2018; Tomkin et al. 2019; Wieman
et al. 2013). We have developed a model that explicates
the role of peer interaction in facilitating (or inhibiting)
university STEM instructors’ innovation adoption deci-
sions. Importantly, this model allows us to be more spe-
cific in understanding and predicting the effects of
perturbations to the departmental social network. In this
section, we propose three research questions arising
from our model that will further our understanding of
the conditions for widespread adoption of innovative
teaching techniques.

What are the qualities of peer interactions that are likely
to facilitate innovation adoption?
Peers are a likely source of teaching information for in-
structors (Dancy et al. 2016; Pataraia et al. 2015; Rogers
2003), and it is unlikely an instructor will implement a
teaching innovation with very little information about it
(Lund and Stains 2015; Rogers 2003). Therefore, our
model indicates that seeking additional information
would tend to increase the likelihood of implementation
(Fig. 1). While we recognize that implementation deci-
sions can happen without seeking additional
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information, we expect this outcome to be relatively un-
common. In contrast, rejecting an innovation on the
basis of limited information may be the easier decision
to make for instructors, unless they have very high levels
of confidence and/or motivation (Rogers 2003). Rejec-
tion without seeking is thus expected to happen much
more often than implementation without seeking.
Therefore, one might hypothesize that instructors who

talk to peers more frequently, and/or are in environ-
ments that encourage this type of interaction, will be
more likely to implement teaching innovations (Lane
et al. 2019; McConnell et al. 2019). Peers can provide
the information (knowledge) or perspective (affective
state) necessary to make a decision to implement an
innovation or to reflect on the implementation experi-
ence. Furthermore, peers can increase initial opportun-
ities to adopt innovations by providing awareness of new
ideas to each other (Dancy et al. 2016). There is some
evidence of a correlation between peer interactions and
innovation adoption in instructional settings already
(McConnell et al. 2019; Middleton et al. 2015; Riihimaki
and Viskupic 2020; Van Waes et al. 2015).
It would also be reasonable to predict that departmen-

tal climates that encourage teaching interaction and
seeking behavior would, by extension, produce more
innovation adoption because they would increase the
likelihood of supportive peer interactions. Similarly,
peers within a supportive microclimate or community of
practice would be more likely to both try and continue
using innovations than peers without this support (Roxå
et al. 2011; Tomkin et al. 2019; Wieman et al. 2013).
Peer interactions may also have an innovation-negative

effect, depending on the departmental context and the
particular peers involved, thereby increasing decisions to
reject a teaching innovation or to remain satisfied with
current teaching practices. Future research should strive
to discern the types of interactions that are beneficial for
adoption of innovations and the conditions under which
those interactions are most beneficial.

How do departmental climates and subclimates moderate
the effects of peer interactions?
When an instructor seeks out or obtains information
from a peer, the decision they make with that informa-
tion will be mediated not only by their personal situation
and characteristics but also their perceptions of the
teaching climate (Austin 1996; Kezar 2014; Lund and
Stains 2015; Reinholz et al. 2019). As noted above, cli-
mate is an emergent property that is shaped, in part, by
interactions between members of a social network
(Emery et al. 2019; Grunspan et al. 2018; Schein 2010;
Schneider et al. 2013). Therefore, teaching climate and
peer interactions are difficult to fully disentangle because
perceptions of climate are influenced by the

understanding that is constructed through peer interac-
tions. Our model (Fig. 1) indicates that teaching climate
as communicated through peer interactions can impact
instructor affective state. There are certainly other ways
in which an individual gains information that shapes
perceptions of the teaching climate (Reinholz and
Apkarian 2018). We hypothesize that an instructor’s per-
ception of teaching climate as a whole, gained directly
and through peers, likely has a larger impact on motiv-
ation, priority, identity, and general attitude toward
teaching and teaching innovation than any isolated inter-
action with a peer because climate is in part an emer-
gent property of many peers, and because of the
additional aspects of climate that exert influence on an
instructor (Emery et al. 2019; Grunspan et al. 2018;
Reinholz and Apkarian 2018). For example, departmen-
tal climates typically have a long-standing historical cul-
tural element that helps shape the identity of an
instructor, which a single peer typically does not (Grun-
span et al. 2018; Lund and Stains 2015; Owens et al.
2018; Reinholz and Apkarian 2018). Additionally, while
departmental climate affects an instructor and all of
their peers, individual peer interactions only impact one
or a few instructors at a time. Thus, we would expect in-
structors’ perceptions of teaching climate to be more
predictive of their innovation adoption than any single
peer interaction in a typical department.
Yet because departmental climate is also intertwined

with peer interactions, we might expect an additive ef-
fect in supportive teaching climates. Departments with
teaching-supportive norms would communicate that
teaching is valued and encourage interactions about
teaching. In such a context, we expect that supportive
peers could become a much more relevant influence that
reinforces risk-taking and innovation (Kezar 2014; Roxå
and Mårtensson 2009). In this situation, norms and peer
interactions may have a synergistic, mutually reinforcing
impact, and groups of peers may be more influential to-
ward initiating change.
Subgroups can form within a department that may

have different norms than those that prevail in the sur-
rounding departmental climate (Roxå and Mårtensson
2015; Schein 2010). In fact, organizational cultures actu-
ally consist of many overlapping cultures (Henderson
et al. 2011; Schein 2010). Such subgroups are predicted
to impact instructor affective state, just as does the pre-
vailing climate in the department. Some aspects of the
departmental climate could be reinforced by subculture
norms, while others are subverted. For example, within a
department in which lecture has broad acceptance as the
instructional norm, a subgroup of instructors interested
in active learning may form, interacting with each other
to share ideas and support each other in trying active
learning techniques. We would expect that instructors in
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that subgroup and adjacent to it would be more likely to
implement innovations even though their department is
unsupportive, since they are receiving social support to
do so from the subgroup (Kezar 2014; Roxå and Mår-
tensson 2015). However, they might be less likely to per-
sist in using the innovations than if they were in a
supportive departmental climate, since they are lacking
the norms and institutional structural supports that
would come with such a climate (Reinholz and Apkarian
2018). Conversely, a department in which the primary
instructional norm is active learning may contain a
pocket of resistant or skeptical instructors who reinforce
each other’s decisions to continue using lecture, or not
to try new teaching innovations. Such instructors may
be less likely than those outside that subgroup to be
implementing innovations, even though they teach
within an innovation-friendly department, because they
are receiving social support not to use innovations
(Kezar 2014; Roxå and Mårtensson 2015).

What is the relationship between peer social networks
and teaching climate in supporting adoption of teaching
innovations?
Social and teaching norms impact the affective state of
all members of a department. Norms impact how in-
structors interact with each other and therefore the
structure of the social network within the department
(Chasteen et al. 2015; Smolla and Akçay 2019), which
will ultimately impact how instructors receive both in-
formation and support. For example, it is probable that
seeking behavior would be mediated by the teaching cli-
mate and social norms in a department. In department
climates with norms that encourage collaboration
around teaching, peers would be more likely to demon-
strate seeking behavior (Lund and Stains 2015; Roxå and
Mårtensson 2009). Seeking behavior would not only in-
fluence that particular instructor’s decision-making
process, but variation in seeking behavior would also
affect the frequency and structure of interactions in the
network. Conversely, strong norms of academic freedom
and individuality, for example, would likely depress in-
teractions among colleagues and discourage seeking
behavior.
Peer interactions also feed back into the emergent

property that is departmental climate (Emery et al. 2019;
Grunspan et al. 2018; Schein 2010; Schneider et al.
2013). Therefore, peer interactions can initiate or per-
petuate departmental climates that influence the likeli-
hood for widespread adoption of teaching innovation.
Formally, instructional change initiatives could find ways
to encourage teaching interaction and collaboration,
such as through the formation of communities of prac-
tice (Owens et al. 2018; Roxå and Mårtensson 2009;
Tomkin et al. 2019), leveraging interactions with opinion

leaders (Andrews et al. 2016; Knaub et al. 2018), or by
developing the relational expertise of change agents
(Quardokus Fisher et al. 2019). When collaboration is
encouraged, peers who work together would more read-
ily share pedagogical content knowledge, how-to tips,
and ideas and would be able to support each other
through changes. We expect that departments and
change initiatives that find ways to facilitate teaching-
centered communities would experience positive results
with instructor innovation adoption, which would be en-
hanced if reinforced by social and teaching norms. Con-
versely, if departmental history, norms, and reward
structures strongly favor lecture, incorporating commu-
nities of practice alone may not have as much of an im-
pact, and such communities would need to be carefully
designed to overcome the impacts of these deep-seated
cultural norms. Future research could identify ways in
which communities of peers could be designed to mod-
ify the teaching climate within a department, and the
ways in which peer interactions may make a teaching
climate more or less conducive to adoption of teaching
innovations.

Conclusion
In this commentary, we have expanded on previous
models of instructional decision-making in undergradu-
ate STEM teaching to propose probable mechanisms by
which interactions with academic peers affect the adop-
tion of research-based instructional practices. This
model has potential utility for both researchers and
those looking to support instructional change in under-
graduate STEM education. We hope that the model will
be tested and validated in a variety of situations and con-
texts and used to more fully elucidate the specific effects
of peer interactions on an instructor’s decision-making
process. This can be done by studying (1) how peers
interact with each other, the types of information they
exchange, and how teaching climate influences inter-
action patterns, and (2) individual instructor decisions
and the impacts they perceive from peers and their de-
partmental teaching climate. Many such studies are
already being done, with examples cited above in this
commentary. However, leveraging the model presented
here to explicitly focus on the ways in which peer inter-
actions influence instructor decision-making may have
distinct advantages. As researchers accumulate data on
the relative importance of different peer interactions and
outcomes, they will be able to predict and explain how
different types of peer interactions in different teaching
climates may mediate the impact of change initiatives on
individual instructors.
As we continue to seek widespread change in STEM

education, future work should more closely examine the
context within which instructors are working and how
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that affects their decision-making. In particular, the ef-
fects of context on the decision-making processes of in-
structors that identify with science persons excluded
because of their ethnicity or race (PEERs) or who iden-
tify as LGBTQ+ should be explored as their experiences
have significant implications for inclusion in STEM
(Asai 2020; Cooper et al. 2020). We will then be able to
suggest beneficial changes at the institutional, depart-
mental, and individual level that will help instructors
adopt student-centered instructional practices in an
evidence-based way. The model presented here will be a
useful framework for administrators, peer change agents,
and individual instructors to maximize adoption of
beneficial instructional innovations and minimize poten-
tial negative effects of unsupportive teaching climates
and peers. Administrators and change agents can use
this model to think about the types of peer interactions
that are likely to be beneficial and how those can be en-
couraged within a given departmental climate in the ser-
vice of instructional change. Professional development
programs can take into account the social context and
suggest ways instructors can succeed in pedagogical
change, and work within institutions to incorporate
communities of practice that will maximize beneficial in-
teractions and the spread of effective teaching innova-
tions. In sum, understanding the role of academic peers
in fostering instructional innovation adoption will help
change agents continue to transform the landscape of
undergraduate STEM education.
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