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ABSTRACT
Science, technology, engineering, and mathematics (STEM) higher education is in need of improved teaching methods to
increase learning for all students. Faculty professional development programs are a widespread strategy for fostering this
improvement. Studies of faculty development programs have focused on program design and the impact of surrounding
context, including both social supports for learning and institutional context. I reviewed these approaches, as well as work that
focused on the faculty experience, and suggest that a larger perspective that encompasses learning over time and the
interactions between disciplinary and institutional learning opportunities is important. This leads to both new design
considerations and new research questions that focus on increasing faculty skill in learning about teaching and applying the
results, as well as improving the impact of professional development beyond the immediate participants. � 2017 National
Association of Geoscience Teachers. [DOI: 10.5408/17-281.1]
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INTRODUCTION
A hallmark of higher education is continual engagement

of faculty in learning within their academic specialty. This is
supported by the conduct of research, participation in a
professional community through publications and meetings,
skill-building short courses, and ongoing scholarly reading.
We all know how important it is to ‘‘stay current’’ in our
discipline.

We are less schooled in ‘‘staying current’’ in our
teaching—perhaps because undergraduate geoscience
teaching evolved relatively slowly in the past century.
However, today teaching is evolving very rapidly as
computation and communication strategies change, allow-
ing new approaches to teaching with data, new ways of
supporting students’ skill development, new ways of
interacting with students, and more. Further, cognitive
science and educational research, including geoscience
education research, are active fields where new insights that
can inform our teaching are continually generated. Ongoing
opportunities to learn from our colleagues about teaching
are no less important today than ongoing interactions with
research or disciplinary colleagues about progress in the
discipline.

Improving science, technology, engineering, and math-
ematics (STEM) teaching at the undergraduate level has
been a national priority for the last 20 years (NSF, 1996;
PCAST, 2012). We need stronger undergraduate STEM
learning to support the STEM workforce, a growing sector in
our economy (Carnevale et al., 2011), and to create a
citizenry that can capitalize on science to live sustainably,
justly, and well (NAS, 2016). In particular, there is concern
that engaged pedagogies known to improve learning,

especially for groups underrepresented in the sciences, are
not widely implemented (NRC, 2012; Freeman et al., 2014).

However, the culture and structures that support
learning about teaching are less well developed than those
that support learning within the science disciplines. As a
result, the National Science Foundation and others have
made substantial investments in programs that support
faculty learning about STEM pedagogy, primarily within a
discipline (NRC, 2012). Institutions of higher education are
also investing in this area, for example, by creating STEM
education centers as a mechanism to support improvements
in teaching (NSEC, 2017). Many approaches have been tried
to support faculty, and there is now a substantial research
field studying their impact to discern those things that best
help to improve teaching.

While professional development that focuses on faculty
learning in support of changes in instruction is widely
viewed as a promising approach (PCAST, 2012), there are
other strategies that can be used to improve teaching as well.
Borrego and Henderson (2014) reviewed eight distinct
strategies for improving instruction, only four of which
focused on the faculty member and fell within the realm of
professional development. Other strategies include policies
strengthening accountability of the institution for quality
instruction, focusing on strong leadership for change, and
approaches that focus on the culture and conditions
supporting change within an institution. As described
herein, the context in which faculty are working impacts
their ability and motivation to change their instructional
methods.

In this commentary, I will paint with broad strokes the
research on faculty professional development, which has
focused largely on the design of the professional develop-
ment activity and its results, including a strong focus on the
context in which the activity takes place. I will draw in
research on other forms of professional learning to
illuminate these results. Turning to work that focuses on
the faculty member, I will suggest that we may be missing an
important perspective—the learner as an active agent who
learns over time and is responsible for making changes.
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A SIMPLE CAUSE-AND-EFFECT MODEL FOR
PROFESSIONAL DEVELOPMENT

A straightforward way to think about professional
development activities uses a simple cause-and-effect model
(Fig. 1). Faculty learn about teaching, and this causes them
to change their teaching, which in turn causes students to
learn more (Desimone et al., 2009). This model is implied
when one claims that an effective way to improve student
learning is to provide faculty development—an argument
that is commonly used in both K–12 settings (PCAST, 2010)
and higher education (PCAST, 2012).

There are two important steps in the model that involve
faculty: They learn from the professional development, and
they change their teaching. When a professional develop-
ment program is evaluated by looking to see if individual
participants changed their teaching, this logic model is
underpinning the evaluation design. This is not an uncom-
mon strategy, and it is often implemented with a self-report
survey (e.g., Pfund et al., 2009; Ho et al., 2001). For example,
On the Cutting Edge and Earth Educators’ Rendezvous exit
evaluations ask faculty what they learned at the workshop
and how they plan to use it in their teaching (McLaughlin et
al., 2005); these questions make sense in light of this logic
model.

Survey results rely on the accuracy with which faculty
self-report their learning and behavior. This accuracy has
been called into question (Ebert-May et al., 2011; AAAS,
2013). As a result, several studies have used classroom
observations to better understand impact, either analyzing
video (e.g., Ebert-May et al., 2011, 2015; Lund et al., 2015;
for a contrasting viewpoint, see Smith et al., 2014) or making
visits to classrooms (e.g., Budd et al., 2013; Smith et al., 2014;
Teasdale et al., 2017). The On the Cutting Edge Classroom
Observation Project has been making such observations in
the geosciences for several projects (On the Cutting Edge,
2017).

Relatively few studies have followed a specific faculty
development project all of the way to impact on student
learning. This was undertaken successfully at Washington
State University in studies of the Critical Thinking Project
(Condon et al., 2016). Scoring of assignments and associated
student work showed improvement on both short and long
time scales after participation in faculty professional devel-
opment. A similar study at Carleton College showed how
difficult this can be. Careful alignment between the
professional development programming and the measures

of assignment improvement and student learning appears to
be very important (Condon et al., 2016).

A strength of the simple cause-and-effect model is that
it allows one to compare across successful professional
development activities to identify common elements. These
are then hypothesized to be the critical elements of a
successful intervention (e.g., Garet et al., 2001). One can also
use a meta-analysis approach across smaller studies to
extract critical elements of a successful intervention (e.g.,
Henderson et al., 2011).

Drawing upon these types of studies, a National
Academies consensus study (NRC, 2012) concluded that
successful professional development aimed at translating
research into practice included three key elements:

� sustained, focused efforts, lasting 4 weeks, one
semester, or longer,

� feedback on instructional practice, and
� a deliberate focus on changing faculty conceptions

about teaching and learning.

The consensus study noted, however, that there were
some programs that appeared to be successful while not
meeting the first of these criteria. The On the Cutting Edge
program in the geosciences is one of these programs.

Review articles considering a wider range of data also
demonstrate the challenges of this approach. Professional
development experiences are widely different in their design
and make use of a number of fundamentally different
underpinning philosophies as to how to best support quality
instruction (Henderson et al., 2011; Amundsen and Wilson,
2012). The types of characteristics identified as important
vary widely in form, reflecting the perspective of the review.
For example:

� Emphasizing the use of cooperative teams (D’Avanzo,
2014): This characteristic describes the pedagogic
design.

� Making robust use of mentoring and reflection (Ebert-
May et al., 2015): This characteristic describes the
interactions between the leaders and the participants
within and beyond a specific workshop or activity.

� Being driven by a well-defined image of effective
classroom learning and teaching and supporting
teachers to serve in leadership roles (Loucks-Horsley
et al., 2003): This characteristic describes the view-
point of the designer.

Looking across these studies, there are two principles
that appear to hold: (1) The design should be driven by the
desired outcomes and guided by a theory of change (Loucks-
Horsley et al., 2003) and (2) it should make use of teaching
strategies grounded in research on learning, including adult
learning (Wilson, 2013).

THE IMPORTANCE OF CONTEXT
Learning does not take place in a vacuum, nor for that

matter do changes in one’s teaching. Much of the variation
in outcomes observed in the simple cause-and-effect model
may be a result of this broader context. Two important
contexts have been studied when trying to understand the
success of professional development programs in higher

FIGURE 1: Simple cause-and-effect model for profes-
sional development shows pathway from faculty devel-
opment to student learning. Drawn from work of
Desimone et al. (2009).
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education: the community of learners that surrounds and
supports an individual as they learn and change, and the
institutional context that supports or impedes changes in
practice.

As educators, we understand the importance of inter-
actions among students in supporting learning. It stands to
reason that the interactions among faculty and the ways in
which these support learning and changes in instruction are
no less important. Numerous approaches have been used to
capitalize on peer interactions in faculty professional
development programs, extending from providing a sup-
portive community of peers that surrounds learning and
implementation of a very specific pedagogy or practice, to
establishing faculty groups for the purpose of fostering
interaction that will lead to emergent learning. The former
efforts are often described as communities of practice
(Wenger et al., 2002). Faculty learning communities are a
good example of the latter (Cox, 2004). Groups spanning this
spectrum have been used to support faculty learning on a
single campus, as well as across campuses using both face-
to-face and virtual activities. For example, the Center for the
Integration of Research, Teaching and Learning (CIRTL)
program has a well-developed set of virtual activities that
support graduate students in staying engaged with their
colleagues as they learn to teach (https://www.cirtl.net/), and
the Quantitative Undergraduate Biology Education and
Synthesis (QUBES) network has an ongoing mentoring
program for biology faculty to support implementation of
quantitative teaching materials (https://qubeshub.org/).

Kezar and Gehrke have studied national-scale commu-
nities of faculty, which they call communities of transfor-
mation, recognizing that they are not strictly a community of
practice or a network (Kezar and Gehrke, 2015; Gehrke and
Kezar, 2016). Surveying faculty participants in four commu-
nities of transformation, they established that participants
feel that they are learning and improving practice as a result
of participation and that their participation in the community
is reenergizing. These results are very similar to those
reported in qualitative studies of the On the Cutting Edge
program, where participants reported learning and changing
their practice as well as finding the workshop program
motivational (McLaughlin et al., 2010; Rockman et al., 2013;
Manduca et al., 2017).

While communities of practice, faculty learning com-
munities, and communities of transformation are all acting
on time scales of a year or longer, peer interactions are also
important within a specific workshop or event. D’Avanzo
(2014), in her review of professional development in biology,
recognized two different ways in which the faculty at the
workshop are critical. She recommended the following
features:

� Give faculty a central role in critical aspects of the
professional development program.

� Emphasize cooperative teams of faculty members who
work together effectively to transform teaching.

The first recommendation is focused on peer instruction
at workshops. The second is focused on cooperative
learning. While the value of cooperative learning is well
established in literature on learning (e.g., Johnson and
Johnson, 1999), the importance of peer instruction is
illuminated more fully in the literature from human resource

development (HRD) focused on training and transfer to the
workplace.

Figuring out how to change professional behavior is of
high interest well beyond the halls of academia. HRD
focuses on the use of training to improve practice in all kinds
of businesses, from medicine to manufacturing. This work
has developed a comprehensive model of the relationships
among the learner, the learning, the work, and the work
environment (Baldwin and Ford, 1988; Holton, 2005;
Gitonga, 2007; Cheng and Hampson, 2008; Russ-Eft and
Preskill, 2009). These models, like the simple cause-and-
effect model, distinguish between learning at the workshop
and transfer to the work environment. Holton, in particular,
provided a framework for understanding this transfer. Of the
16 constructs in this framework, my colleagues and I
identified three that appear related to peer instruction
(Manduca et al., 2017). They suggest that peer instruction
is powerful because faculty members view their colleagues as
a trusted source of information and guidance. This trust is
grounded in the belief that their peers understand their
teaching situation and thus are likely to give them strong,
practical advice based on experience. Further, the success of
their peers strengthens their belief that they too can
implement the change. A fourth construct in the Holton
framework is related to peer interaction, where faculty
members are encouraged and supported by interactions with
like-minded peers—a finding supported by the work by
Kezar and Gehrke (2015). Working with peers is a powerful
context.

The importance of the institutional environment in
promoting or impeding change in teaching practice has been
the subject of much discussion. From teaching spaces and
teaching loads to institutional reward systems, factors
beyond the control of individual faculty clearly play an
important role in the amount of change even the most
committed individual can make. The importance of the work
environment is also recognized in the HRD frameworks for
transfer. Both theoretical and case study approaches are
being used to understand the necessary institutional context
to promote improvements in teaching (Austin, 2011;
Henderson et al., 2015; AAU, 2016; Condon et al., 2016).
These studies explore the structural and cultural aspects of
the institution and the ways in which they promote or
impede quality instruction. For example, Condon et al.
(2016) explored the importance of faculty and administration
holding a shared value for learning about teaching, while
AAU case studies described the importance of department-
or college-wide initiatives, as well as resources, rewards, and
incentives. Austin (2011) described the institution as a
system operating in a larger societal context and identified
the reward system, workloads, and institutional leadership,
in addition to professional development, as powerful levers
for change. A thorough review of the evolution and history
of professional development was provided by Beach et al.
(2016).

A FOCUS ON THE LEARNER
So far, I have looked primarily at the learning

opportunity and the surrounding supportive (or hindering)
context. The faculty member him/herself is also central to the
process of change. In HRD models, the learner’s motivation
first to learn and then to make use of their learning is a
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critical element. Research focused directly on the faculty
member can take the form of interviews investigating the
faculty member’s experience learning about, experimenting
with, and then adopting or discarding a teaching method
(e.g., Dancy et al., 2016). Alternatively, it can investigate the
faculty experience in any step along the way, for example,
studying the motivation of faculty to participate in profes-
sional development (e.g., Lowenthal et al., 2013), or the
changes in their beliefs resulting from a professional
development experience (e.g., Brownell and Tanner, 2012;
Pelch and McConnell, 2016).

I was part of a large study at Carleton that used an
ethnographic approach involving direct observation, inter-
views, and artifact analysis to understand faculty learning
and its relationship to teaching over time at Carleton College
and Washington State University (Condon et al., 2016). One
of the primary findings was that the relationship between
learning and changes in teaching is not as direct as is
suggested by the simple cause-and-effect model, even when
one takes into account the effects of context. Rather, faculty
learning about teaching was observed as an ongoing
process, very similar to the way one learns within one’s
academic discipline (Neumann, 2009). Ideas are explored
through venues as wide ranging as reading articles,
attending workshops, engaging in projects, reflecting on
experience, and talking to colleagues. Learning is integrated
over time into a useable body of knowledge. Changes in
teaching can draw on recent lessons or ones from many
years prior. In most cases, changes in teaching are
incremental. The skill of the faculty member as a student
of teaching is critical, just as their ability to learn within their
discipline is crucial to their research success. The strength of
an individual faculty member’s progress in teaching and
their progress in research both depend on their motivation
and ability to gather knowledge and ideas from different
sources and to apply them effectively to their practice.

These findings put the faculty member, not the
professional development activities, at the center of the
picture (Fig. 2). This view is aligned with that of researchers
studying faculty work and careers who focus centrally on the
faculty member and their development over time (e.g.,
O’Meara et al., 2008). The role of professional development
in this context becomes one of supporting ongoing learning
and professional growth around teaching. The learning
landscape for the faculty member includes a suite of
opportunities at the institution, in their discipline, and
elsewhere in their lives that feed their learning and the
subsequent evolution of their practice.

This perspective requires a mind shift when thinking
about faculty development. If our goal is to develop faculty
members who are most able to engage in higher-order
thinking about their teaching over time and act on their
knowledge, it becomes important to strengthen their skills
with learning and application of new knowledge. That is, we
must work to develop the metacognition that supports their
teaching practice. The Scholarship of Teaching and Learning
movement, which focuses on supporting individual and
communal study of and reflection on classroom experience,
is one approach to this work (Hutchings and Shulman,
1999). In addition, supporting volition, the will to act, is
essential.

For the design of professional development programs,
this perspective means that the ways in which any

professional development program connects to other pro-
grams are important, both within the discipline and within
the institution. The connection of ideas between learning
opportunities is critical to ongoing growth and transfer of
learning to teaching. The linking together of learning
opportunities is the mechanism by which an individual
faculty member creates a pathway for continual learning and
improvement. Thus, important questions in the design of an
individual professional development program become: How
does the program work to facilitate transfer of prior
knowledge to this new learning situation? How does it
foster integration of new knowledge with previous learning?
How does it link to support structures for implementation at
the home institution or within the discipline? Thinking
about the set of professional development activities within
an institution or discipline, one could ask, how in this set are
metacognition and volition addressed? This is a design
process similar to looking at the curriculum of a degree
program and asking how are quantitative and writing skills
supported and addressed across the curriculum (e.g., Mogk,
2013).

This perspective also suggests a new set of research
questions for understanding faculty learning and the role of
professional development: How do faculty members become
expert learners in the realm of teaching? How do faculty
members select from the palate of opportunities that are
available to them? How do they integrate and use
knowledge? What supports their ability to create impactful
changes in their teaching?

A recent analysis of the Geoscience Faculty Survey data
showed that there is a population of geoscience faculty who
are actively engaged in learning about teaching, capitalizing
on multiple learning opportunities (Manduca et al., 2017).
Members of this group of faculty are more likely than others
to use many types of effective teaching practices. We
suggested that this group may be exhibiting the ongoing
learning and application to teaching observed in the Condon
et al. (2016) study. Studies of this group could provide an
interesting perspective on learning within the discipline.

FIGURE 2: Faculty-centered model for professional
growth shows expertise building from multiple learning
opportunities over time.
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A SYSTEMS PERSPECTIVE
The Condon et al. (2016) study had a second interesting

finding. They showed that knowledge about teaching
spreads across the campus through a myriad of channels,
raising the level of expertise on the campus as a whole. This
flow of information is related to the concept of systems
fitness or health from studies that use a systems perspective
to design and evaluate change strategies (Kania et al., 2014;
Preskill et al., 2014; Kastens and Manduca, 2017). In a
healthy system, information flows and system structure
combine to allow productive change to emerge. In the
examples described by Condon et al. (2016), the system
would be a university department or a liberal arts college.
Healthy systems, in this case, have a strong culture of
teaching and learning that brings information about
teaching into the system, supports spread of this information
across the system, and empowers faculty to respond with
changes in their teaching. The individual actors in this
system are motivated to learn about teaching, integrate new
learning into a rich understanding of teaching and learning,
and draw upon this knowledge to modify their teaching in
appropriate ways.

While Condon et al. (2016) were looking at flow of
information within a campus, there are also flows of
information into a campus. Gehrke and Kezar (2016)
reported that in some cases, participants take learning from
a community of transformation back into their own
institution, supporting change on campus. A similar effect
was seen in the evaluation of the On the Cutting Edge
program in the geosciences (McLaughlin et al., 2010). The
impact on an individual campus is increased if multiple
individuals from a campus are involved (Gehrke and Kezar,
2016). Faculty live at the intersection of two worlds: their
discipline and their institution. Both provide opportunities to
learn about teaching and supports for change. We need to
understand how these opportunities intersect and become
reinforcing.

The goal of promoting a healthy system that spreads
information and supports change also suggests some new
design considerations and some new research questions for
professional development programs. For designers, it is
important to ask: How does my design support or accelerate
the spread of information beyond the original participants?
This was a key design principle for the On the Cutting Edge
program from its inception. The resulting Web site (https://
serc.carleton.edu/NAGTWorkshops/) may explain why the
effect of its workshops has been stronger than predicted by
current theories that emphasize the importance of long-term
interactions (NRC, 2012). This, of course, is a research
question, and it suggests a broader area of study: What is the
impact of professional development programs beyond the
direct participants? How does that impact occur? What
features support that impact?

LOOKING FORWARD
Following on the work of Condon et al. (2016), I have

suggested that by taking a faculty-centered view, profes-
sional development activities appear as events in a much
longer arc of individual faculty learning, and that the impact
of these activities radiates across communities and over time.
By shifting to this frame, we add interaction effects between
professional development opportunities to the already

complicated work of comparing different types and designs
of professional development activities. It becomes critical to
understand the intersections between professional develop-
ment opportunities in the discipline and those in the
institution. Understanding the social context that promotes
change and the institutional barriers that impede it across
the larger context is critical.

However, as geoscientists will appreciate, understanding
that an event is part of a bigger picture does not negate a
focus on the event. We study individual faults and compare
the results to make sense of fault mechanics. So too should
we continue to study individual professional development
programs and compare results to make sense of professional
learning. Likewise, complicated contextual variables do not
make understanding impossible. Modeling, case compari-
sons, and the use of taxonomy are tried and true
methodologies that geoscientists bring to such problems
(Ault, 1998; Manduca and Kastens, 2012). If we wish to
understand effective programming that leads to ongoing and
substantial improvement in teaching, we must combine
studies of professional development events with studies that
follow the history of individuals, and studies of the larger
system interactions that support change and growth. This
work is well underway in a variety of places. Just as success
in understanding the Earth system required bringing
together communities studying oceans, atmosphere, and
solid Earth, we must continue to engage more fully with
communities studying HRD, institutional change, faculty
learning, and professional development in STEM disciplines.
Good thing geoscientists like to collaborate.
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