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Effective faculty professional development must be participant centered; tailored to the needs and interests
of the faculty who engage in it. In order to better understand those needs and interests, we investigate how
knowledge, attitudes, beliefs, and teaching practice vary among new physics faculty, using surveys of a large
sample (n = 442) of participants in the Physics and Astronomy New Faculty Workshop (NFW). The
“innovation-decision model” guides our understanding of the evolution of faculty teaching practice, and “self-
determination theory” and the “theory of planned behavior” inform our understanding of necessary
preconditions for that change. We find that most new physics faculty are aware of published teaching
approaches, but that this awareness has not increased compared to a decade ago [C. Henderson and M. H.
Dancy, Phys. Rev. Phys. Educ. Res. 5, 020107 (2009)] and is lower than the experienced faculty in our sample.
New physics faculty also value student-centered instruction, are interested in using it, and feel that there is peer
support for using student-centered instruction. Some new faculty have experienced student-centered instruction
as a student or teaching assistant, as well. They are not confident of their ability to enact such practices, however,
showing that self-efficacy is an important target for faculty learning. New physics faculty also reported high
levels of use of student-centered practice which were similar to experienced faculty in this study and similar or
higher than a study from a decade ago. Overall, our results suggest a continued shift in norms in the physics
community, such that most new physics faculty enter the professoriate needing minimal encouragement to try
student-centered instruction, having already experienced and experimented with such techniques. We do find,
however, that about 20% of new faculty are not as open to student-centered instruction and have not yet
experimented with it, and that more of these faculty are at Ph.D.-granting institutions. We propose that the
innovation-decision model might be best imagined as cyclical, with faculty moving forward and backwards
along stages of the cycle as they experiment with their teaching. We recommend those creating professional
development experiences for faculty explore opportunities to support faculty as agentic learners engaged in a
process of lifelong learning by helping them develop self-efficacy, agency, and metacognition. One way to
accomplish these goals might be to focus professional development on faculty choosing something new to try,
and (critically) learning from the experience. We also encourage the field to move away from focusing research
and professional development on specific, branded teaching practices.

DOI: 10.1103/PhysRevPhysEducRes.16.020164

I. INTRODUCTION

Despite a wealth of evidence for the effectiveness of
student-centered teaching practices in science, technology,
engineering and math (STEM) [1], a gap persists between
this research and common practices of STEM faculty [2—4].
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Discipline-based faculty professional development is an
important part of increasing student-centered teaching
practices [3,5-7]. However, just as student-centered
instruction provides an effective way to teach STEM
content, participant-centered professional development is
more likely to lead to lasting conceptual and behavioral
change among faculty. Thus, professional development
must be designed to meet the existing needs and interests
of those it aims to serve [8—11].

A. Defining student-centered instruction

Student-centered instruction is a broad category of
instructional techniques and approaches based on
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constructivism, or the theory that students must actively
develop their own understanding based on prior knowledge
through active learning and engagement [12].

In this paper, we distinguish student-centered instruction
from specific classroom practices or active learning.
Student-centered instruction is any instructional technique
or classroom assessment based on constructivism. Active
learning is a type of student-centered instruction in which
students are interacting intellectually with the course
material and thinking about what they are learning. Not
all student-centered instruction includes active learning.
Student-focused assessment refers to techniques that align
with the principles of constructivism for the purpose of
identifying prior understandings.

Evidence-based instructional practices (EBIPs) are a set
of concrete, identifiable classroom strategies. As their name
implies, EBIPs are based on well-documented principles of
learning and have been shown to improve student learning
outcomes; thus, they align with the general principles of
student-centered instruction. EBIPs include published tech-
niques like Peer Instruction or Just-in-Time-Teaching, as
well as more general strategies like group problem solving
[13]. The vast majority of EBIPs are active learning
practices (like Peer Instruction), but assessments (such as
concept inventories) can also be considered to be EBIPs.
While EBIPs are a general category of teaching practices,
physics has historically focused on EBIPs that are pub-
lished and branded [13]. Our research suggests, however,
that it is very limiting to focus only on such published and
branded EBIPs in promoting active learning.

B. The innovation-decision model for
instructional decision making

A variety of issues affect faculty members’ decision to
try, and persist in using, student-centered teaching practi-
ces. While outside the scope of this study, these factors
include systemic issues, such as whether teaching improve-
ment and innovation is rewarded, and whether the home
department is supportive of teaching [14—18]. Additionally,
characteristics of the faculty themselves, such as motiva-
tion, self-image and identity, knowledge, and teaching skill,
influence their decision making [14,18-21]. To better meet

The innovation-decision model [2,28]; dotted lines indicate contributing factors to the ID stages.

the needs and interests of STEM faculty, and to help
design high-quality professional development, many
researchers have investigated the attitudes, interests,
beliefs, and practices of faculty across STEM disciplines
such as biology [14,19], chemistry [17], geology [22,23],
physics [11,24], astronomy [25], and mixed disciplines
[26]. Further understanding these needs and interests is
key to designing participant-centered instructional develop-
ment that helps support faculty members’ sustained use of
student-centered instruction.

Faculty members’ decision to use any particular EBIP
is often conceptualized as progressing through the steps of
the “innovation-decision model” (ID) [19,27]. ID was first
described by Rogers [27] to explain how technological
innovations spread and later used by researchers across
several areas. One area in which ID has been used is that of
the spread of educational innovations; in such a framework,
faculty proceed through multiple steps:

Knowledge of the innovation

Persuasion of the benefits of the innovation
Decision to adopt the innovation
Implementation of the innovation, and, finally,
Confirmation and reinforcement of that decision

Th1s model is outlined in the top of Fig. 1; we combine
the “persuasion” and “decision” stages in keeping with
Andrews and Lemon [19], who found these were not
distinct phases in faculty decision making.

The current study focuses on what leads to “implemen-
tation,” primarily from a faculty behavior-change perspec-
tive. Faculty awareness of EBIPs has been found to be
helpful, but insufficient, in generating long-term change in
instruction [11,28-31]. Attitudes and beliefs are also an
important element in instructors’ decisions to reflect on and
experiment with their teaching [32-35]. However, there is
not widespread consensus on which attitudes and beliefs
are most critical to support change [3]—a gap which this
paper aims to help fill.

Note that the ID model is intended to apply to a specific
instructional technique (EBIP), not student-centered
instruction in general. While we are unaware of a research
base requiring that it be limited to a specific technique, we
do generally use it to refer to EBIP use in this paper.
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C. Theoretical framework for faculty decision making

We have found two theories to be particularly inform-
ative as a lens through which to understand faculty decision
making: “self-determination theory” (SDT) [36] and
“theory of planned behavior (TPB)” [37,38]. Each
describes similar, complementary elements for enhancing
intrinsic motivation and influencing behavior change.
Studies outside of STEM education have found SDT and
TPB to be complementary [39,40], and SDT has been used
as a lens on instructional change [26]. However, we are not
aware of other authors who have combined them in an
instructional change context or applied them to the
ID cycle.

Self-determination theory (SDT) indicates that there are
three main influences of intrinsic motivation: “‘competence”
(a sense of mastery), “autonomy” (having agency and a
sense of integration with one’s self-concept), and “related-
ness” (connection to others). However, since intention does
not always translate to action, we draw on the theory of
planned behavior (TPB) that describes necessary condi-
tions for such intention to lead to behavior: “attitudes”
(perceived benefits and value of the behavior), “subjective
norms” (social influence and opinions of others), and
“perceived behavioral control” (difficulty of the behavior).
Within TPB, perceived behavioral control is the lynchpin
which helps translate an intention to action. Perceived
behavioral control includes a belief that one has the ability
to perform the behavior in question, that the behavior is not
too difficult, and that the behavior is under one’s own
control, and is thus related to both autonomy [36] and the
(perhaps more familiar concept of) self-efficacy [40,41].
This connection with self-efficacy is further supported by
Bandura’s assertion that self-efficacy is one component of
agency [41] and findings that self-efficacy is strongly
linked to intention, which can lead to concrete changes
in behavior in studies of dietary health [39,40]. Thus, self-
efficacy may be a critical factor in faculty’s instructional
change.

We use these frameworks to identify the attitudes and
beliefs which may be important for supporting faculty
instructional decision making [26,42-44]:

1. Perceived value of student-centered instruction (TPB
attitudes),

2. Perceived support by others in use of student-
centered instruction (SDT relatedness; TBP subjec-
tive norms), and

3. Self-efficacy in using student-centered instruction
(SDT competence and autonomy; TPB perceived
behavioral control).

Our measurements probe these three areas of focus, and
we posit these as being critical influences on a faculty
member’s movement to the persuasion or decision stage in
their determination of whether to use student-centered
instruction, with self-efficacy as being particularly critical
to translate that intention to implementation. To this end,

this paper provides information about the knowledge,
motivation, and self-reported use of student-centered teach-
ing practices of a large sample of new physics faculty.

D. The New Faculty Workshop

We report on a large sample (n = 442) of participants in
the Physics and Astronomy New Faculty Workshop,
starting in 2015. The NFW is a multiday professional
development workshop initiated in 1996 that engages a
significant fraction (40%) of new physics faculty members
in the U.S. The mission of the NFW is to improve student
learning by helping all faculty become knowledgeable
users of student-centered instruction, with a historic
emphasis on branded and recognizable EBIPs. The NFW
has been demonstrated to have positive impacts on physics
faculty knowledge and motivation to use EBIPs, but not on
long-term sustained use [29,30]. However, much of the
information that we have about physics faculty EBIP use is
from an oft-cited series of survey studies by Henderson and
Dancy published a decade ago [29,31]. These studies were
based on a national survey of physics faculty that asked
about knowledge and use of active learning strategies,
including a set of 24 EBIPs based on physics education
research (PER). They found that many faculty were already
dissatisfied with lecture-based teaching, that faculty were
interested and motivated to try active learning (including
EBIPs) that many had used them, and that faculty felt
hindered by lack of knowledge of and time to learn to use
these strategies [28]. Among faculty who did make use
of EBIPs, they often modified them in potentially unpro-
ductive ways [28,29,31], and a third of physics faculty
discontinued the use of any strategy [30]. This work has
been informative for STEM faculty development in other
disciplines [19,22] and the current study aims to build on
our understanding with more recent data.

E. Research questions

The research questions guiding our study were

1. To what degree do new physics faculty members
possess attitudes and beliefs—particularly self-
efficacy, value, and perception of support by
others—which could support decisions to use
student-centered teaching practices? (persuasion or
decision stage of ID model)

2. To what degree do new faculty report knowing about
student-centered instruction (particularly EBIPs),
and how has this changed over the past decade?
(knowledge stage of ID model)

3. To what degree do new faculty report using student-
centered teaching practices, and how has this
changed over the last decade? (decision and imple-
mentation)

4. How do teaching practices change one year after a
professional development experience? (implementa-
tion and confirmation stages of ID model)
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We use these findings to explore the implications for the
design of professional development. Our focus is on new
faculty members who are within their first five years of a
teaching appointment, although we include relevant compar-
isons to a small group of experienced faculty. We do not report
on the design or effects of the NFW itself, although we
examine responses at one year after the workshop to provide
insight about how faculty take up teaching practices.

II. METHODS
A. Research design

The current study is a quantitative study focused on
teaching attitudes, beliefs, and practices of new physics
faculty as established via self-report surveys preworkshop,
immediately postworkshop, and one-year postworkshop.
Surveys were chosen as the data collection tool to allow
for large sample size, enabling the efficient collection of a
breadth of information. In addition to data from new
faculty, we also collected data from a small sample of
experienced faculty (EFW respondents) and a subset of
faculty that responded to a one-year follow-up survey. We
use these data to contextualize the new faculty responses.

Because the original aim of data collection was workshop
evaluation (not generalizable research), we focused on survey
questions which served an evaluative purpose; which could
formatively inform workshop design, or summatively evaluate
the intended outcomes. In some cases, instruments validated
to measure the SDT or TPB constructs were not available or
they would have greatly increased the length of the survey,
increasing survey fatigue and reducing response rates.

B. Study population

The NFW is organized by several professional societies:
the American Association of Physics Teachers (AAPT), the
American Physical Society (APS), and the American
Astronomical Society (AAS). It is offered twice a year,
typically in June and November, to a cohort of approx-
imately 50-70 faculty; this comprises about 40% of the 340
physics faculty hired each year in the U.S. [45] and
represents an increase from 25% prior to 2007 [46].
Attendees are physics (85%) and astronomy (15%) faculty,
in a distribution similar to national disciplinary representa-
tion [45]. Faculty must be nominated by their chair to attend
(though attendance is rarely required). In recent years, a one-
year faculty online learning community (FOLC) has been
offered to a portion of participants postworkshop [47].

The analyses in this section include data for all 487 unique
individuals that responded to one or both of the NFW pre- or
postworkshop surveys. Respondents had been teaching for
one or two years (mean = 2.5, median = 2, mode = 1,
SD = 2.4). The vast majority (94%) had been teaching for
fewer than five years, with most having at least one year of
teaching experience. About 1/3 of respondents (29%)
identified as female (see Table I), similar to national

TABLE I. Demographics of the NFW survey respondents.
Demographic variable Percent
Gender
Male 70
Female 30
No answer (n = 43)

Institution type
Primarily undergraduate 53
Ph.D. granting 40
Master’s granting 5
Other 2
No answer (n = 158)

Race or ethnicity
White 67
Asian 23
Hispanic 4
Black 2
Two or more races 2
American Indian 1
No answer (n = 61)

Undergraduate degree location
North America 64
Asia 19
Europe 12
Other 5
No answer (n = 39)

Total 487

Those with no answer are excluded from the total used to
calculate the percent in any category.

representation [48]. The majority (67%) identified as
White, but a sizable fraction (23%) identified as Asian,
which exceeds the national representation in physics (14%)
[49]. Reported institution type was nearly evenly split
between primarily undergraduate institutions (53%) and
Ph.D.-granting institutions (40%), with the remaining iden-
tifying as master’s granting or other. This sample is an
underrepresentation of Ph.D.-granting institutions compared
to national statistics of all physics faculty, given that nearly
twice as many physics faculty are employed in departments
granting a Ph.D. [50]. Thus, the NFW survey respondents
were generally representative of new physics and astronomy
hires but with an overrepresentation of those identifying as
Asian and those from primarily undergraduate institutions.

A subsample of respondents completed a survey one
year after the NFW. The one-year sample was generally
representative of the NFW sample: 32% female, 69%
White, 3.6 yr of teaching experience (~1 additional year
compared to the general NFW sample), though they were
twice as likely to have participated in the FOLC (17% of
presurvey respondents and 26% of one-year survey respon-
dents participated in the FOLC).

Additionally, in March 2016 an Experienced Faculty
Workshop (EFW) was offered. The EFW survey
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respondents were 40 midcareer faculty with a greater
number of years of teaching experience (mean = 17.8,
median = 16, mode = 12, SD = 8.8) and similar demo-
graphics to the NFW. EFW participants had not typically
attended a NFW.

C. Survey instruments

Our survey instruments measured different elements of
instruction (student-centered instruction, active learning,
and EBIP use; see Sec. I for a definition of terms).

1. Survey administration

The surveys took between 10 and 20 min to complete.
All surveys included demographic questions and questions
about teaching attitudes and practices. The postworkshop
survey also included workshop evaluation questions.
Copies of the survey instruments are provided in the
Supplemental Material [51]. Below, the main question
blocks are described further.

2. Attitudes and beliefs about active learning

A series of seven Likert-scale questions assessed
participants’ attitudes and beliefs about active learning:
self-efficacy, value, and perception of support by others
(see Sec. I and Fig. 1). These questions were asked
preworkshop, postworkshop, and at one year. For some
cohorts, we included a retrospective pretest on the post-
workshop survey, where participants were asked to esti-
mate their preworkshop attitudes [43,52].

For these seven questions, respondents were first pre-
sented with a broad definition of active learning as “a
model of instruction in which students are actively doing
things, and thinking about what they are learning, rather
than watching or listening. Active learning may apply to
small or large classes.” First, respondents were asked to rate
their level of knowledge (item 1) and skill (item 2) in using
active learning using a 4-point scale (1 = none, 2 = alittle,
3 =some, 4 =a lot). Then, they rated how effective
they believed active learning strategies were (item 3),
how motivated they felt to incorporate active learning
(item 4), how supported by others they felt in incorporating
active learning (item 5), and how confident they felt that
they could support a colleague (item 6) and get good
student evaluations (item 7) while incorporating active
learning using a modified scale (1 = not very, 2 = a little
bit, 3 = moderately, 4 = highly). Throughout the rest
of the paper, we denote the results of these questions by
item number for clarity. We categorize these (ad hoc) as
measuring the three areas of attitudes and beliefs identified
in section IC: value of active learning (items 3, 4), self-
efficacy (items 1, 2, 6, 7), and perception of support by
others (item 5).

The structure of the questions was inspired by a similar
set of questions from mathematics inquiry workshops [53].

We chose not to use or adapt a preexisting instrument
validated to measure attitudes and beliefs because such an
instrument would only be able to address one or two areas
of interest, and would greatly increase survey length, thus
not serving the aim of the workshop evaluation. For
example, the Self-Efficacy Towards Teaching Inventory
[54] was considered based on its use in other professional
development contexts [55], but we decided against its use
due to its length and narrow scope. Although this decision
limits the validity of our surveys to measure the SDT and
TPB constructs, we are able to observe coarse differences
along the response scale in response to participation in the
workshop, which was the goal of the evaluation.

3. Self-reported use of student-centered instruction

To measure self-reported teaching practice, we used
instruments which measured different elements of instruc-
tion: student-centered instruction (as measured by a vali-
dated instrument), time spent on active learning, and use of
specific EBIPs (next section).

Student-centered instruction: We wused the Post-
Secondary Instructional Practices Survey (PIPS), developed
by Walter and colleagues [56] to measure self-reported
use of student-centered instruction. The PIPS consists of a
series of 24 statements about instructional practice (e.g.,
“I structure class so that students regularly talk with one
another about course concepts”), rated on a 5-point scale
(0 = not at all, 1 = minimally, 2 = somewhat, 3 = mostly,
or 4 = very descriptive of my teaching). On the June 2015
presurvey, PIPS item 20 was not given to respondents due
to an error in the survey administration. These questions
were asked preworkshop and at one year. The developers
of the PIPS instrument provide validity evidence using
factor analysis to support their scoring recommendations
(student-centered and instructor-centered factors).

Because the PIPS is a relatively new instrument, we
conducted independent analyses of the reliability and
validity of the instrument using our data. We find that
the overall PIPS score (all 24 items) and the student-
centered factor score (13 items) demonstrate good reliabil-
ity, with Cronbach’s alpha values of 0.83 and 0.88,
respectively, on the preworkshop survey and 0.77 and
0.82 at one year. However, the instructor-centered factor (8
items) had low reliability, with Cronbach’s alpha of 0.50
and 0.49 for the preworkshop survey and one-year admin-
istration, respectively, indicating measurement error in
scores for this factor. We find good variability in item
difficulty (the percent of respondents answering favorably;
p values) of PIPS items. However, the point-biserial
correlations (correlating an item score with the total score)
indicated that there were several problematic items with
very low correlations (<0.2), mostly related to the instruc-
tor-centered construct. Furthermore, an exploratory factor
analysis conducted by the authors supported a single-factor
solution for the PIPS. Thus, we conclude that most of the
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items on the instructor-centered factor are problematic and
that (at least for our sample) the PIPS should be scored
using only one factor: the student-centered items, plus one
additional instructor-centered item which was also relevant
to this factor (item 17: “I provide time for students to reflect
about the processes they use to solve problems”). Thus, we
use a modified version of the PIPS as a measure of student-
centered practice. In this paper, we report results for this
modified student-centered PIPS score (the original student-
centered factor, plus item 17). On this modified PIPS, a
high score indicates a high level of use of student-centered
instructional practices.

Active learning: To collect information about active
learning use, we asked, “In the ‘lecture’ portion of your
course, please estimate the percentage of class time spent
on active-learning strategies (e.g., student activities, ques-
tions, and discussion).” This question has also been used in
several recent studies in the geosciences [22,23]. Similar to
those studies, we grouped responses across cohorts into the
following categories: high (>25% of class time spent on
active learning), medium (11%-25% of class time spent on
active learning), low (1%—-10% of class time spent on active
learning), none (0% of class time spent on active learning).
This item was not asked in one particular instance of the
preworkshop survey (June 2015).

4. Knowledge and use of evidence-based
instructional practices

One aim of this paper is to provide current data for
comparison to the historical 2007 survey of physics faculty
on knowledge and use of EBIPs [28,30,31]. A series
of questions asked about respondents’ familiarity with
and use of 12 physics and astronomy teaching methods
aimed to support student-centered instruction, such as Peer
Instruction [57] and Interactive Lecture Demonstrations
[58]. EBIPS were almost all “branded,” as per definitions
from Khatri et al. [13]; the full list of EBIPs we surveyed
can be seen in Fig. 4. EBIPS were chosen to match
Henderson and Dancy [28], but we removed some of the
teaching approaches in the original study (such as Video
Laboratory), as they are no longer a strong focus in the
physics community, and added the PhET Simulations [59]
and concept inventories [60]. “Concept inventories” is the
only EBIP on the list which is unbranded, and is an
assessment strategy, rather than an active learning strategy.

Response options were exclusive (i.e., respondents could
choose only one), and we used the 5-point response scale
provided by Henderson and Dancy [28]; O = I have never
heard of it/ not sure, 1 = I've heard the name but do not
know much else about it, 2 = I am familiar with it but have
never used it, 3 = T have used all or part of it in the past, and
4 = currently use all or part of it. Because of changes in the
surveys, we recoded response options from June and
November 2015 so that they matched the survey response
options in subsequent cohorts. For example, “I have heard

of this technique” was recoded to “I’ve heard the name but
do not know much else about it,” and “I have used it in the
past” was recoded to “I have used all or part of it in the
past.”” These questions were also asked on the one-year
survey, but the answer choices were simplified to focus on
use (I have never used it, have used all or part of it in the
past, I currently use all or part of it). The “I have never used
it” option was later added as an option for some cohorts
once we realized it was needed for completeness.

When analyzing responses, we coded a participant as being
“familiar” with the method if they reported either familiarity
or use of the method: “I am familiar with it but have never
used it,” “I have used all or part of it in the past,” or “I currently
use all or part of it.”” We coded a participant as having “tried” a
teaching method if they chose “I currently use all or part of it”
or “I have used all or part of it in the past.”

The earlier study included a mixed sample of physics
faculty with an average of 15.4 years of teaching experience,
whereas this study sample is primarily new faculty with an
average of 2.5 years of teaching experience. This difference
in study populations restricts our ability to make direct
comparisons between the two studies. An updated study by
these authors, using a national sample, is in progress [61].

It is possible that interactive teaching has become more
normative over the past ten years, and thus that new faculty
have experienced EBIPs as students or teaching assistants
prior to their professional appointment. This experience could
influence their later use of such techniques. To test this idea,
we added options for respondents to indicate whether they had
used the technique as a teaching assistant (TA) or student for
two cohorts (June 2015 and June 2019). Response options for
the TA and student items were not exclusive.

III. RESULTS

A. Response rates

We have a total of 482 responses preworkshop, 417
postworkshop, and 370 matched pre- or postworkshop
responses (Table II). Within this paper we indicate where
matched (pre or post) data are presented, but as we are
typically not reporting growth after the workshop, we do
not typically restrict the dataset to this matched sample but
report the full preworkshop or postworkshop responses as
appropriate. Response rates were relatively high (85%
average) for the preworkshop survey but lower for sub-
sequent surveys (73% postsurvey average; 32% one-year
average). Sample sizes for specific analyses may be lower
as not all individuals answered all questions. A total of 128
respondents completed a survey one year after the NFW
(see Table II). The response rate for the experienced faculty
workshop was 87% preworkshop.

B. Attitudes and beliefs about active learning

This section addresses research question 1, regarding the
three attitudes and beliefs hypothesized to be important for
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TABLE II. Sample sizes for workshop surveys.

Sample sizes (Survey response rate %)
Cohort Workshop registration Preworkshop Postworkshop matched Pre/Post One year
June 2015 71 63 (89) 56 (79) 50 (70) 32 (45)
November 2015 78 64 (82) 61 (78) 45 (58) 31 (40)
June 2016 54 47 (87) 45 (83) 40 (74) 24 (44)
November 2016 68 57 (84) 49 (72) 44 (65) 21 (31)
June 2017 66 58 (88) 51(77) 46 (70) 13 (20)
November 2017 72 60 (83) 45 (63) 42 (58) 7 (10)
June 2018 60 48 (80) 41 (68) 38(63) e
October 2018 . 54 45 (83) 36 (67) 34(63)
March 2016 EFW" 46 40 (87) 33(72) 31(67)
Totals 569 482 (85) 417 (73) 370 (65) 128 (32)

"EFW is the comparison group from the Experienced Faculty Workshop.

behavior change (self-efficacy, value, and support by
others) which could support student-centered practice.
For these types of questions, we find the medians to be
particularly informative because actual responses cannot
fall between two response categories.

Before the workshop, respondents’ beliefs in the effec-
tiveness of and motivation to use active learning were near
the top of the scale (items 3 and 4; means: 3.6 and 3.7,
medians: 4; matched pre- and postsample); see Table III.
These items are related to participants value of active
learning. Feeling supported by others (item 5; mean 3.4,
median 4) is also fairly high. The lowest rated items were the
knowledge of active learning (item 1), skill in using active
learning (item 2), and their ability to support a colleague in
their use of active learning (item 6), and ability to get good
student evaluations while using active learning (item 7).
These all relate to participants self-efficacy in using active
learning. For the four lowest-rated items, the median was 3
or below, with the median for skill at 2. This suggests that
knowledge, skill, and confidence (in teaching colleagues or
in student evaluations) all show room for growth, and that
these may be productive areas for professional development.

Gains from preworkshop to postworkshop were com-
puted by subtracting postworkshop responses from pre-
workshop responses. The effect size (mean gain divided by
the pooled standard deviation) provides an estimate of the
practical significance of these gains. An effect size of “1” or
greater indicates that participants would select, on average,
a response one category higher on the survey scale after
participating in the workshop (e.g., select “none” prework-
shop and “a little” postworkshop). The only area showing
appreciable gain postworkshop was knowledge of active
learning (item 1), based on the effect size. This result
suggests that skill (item 2) and confidence (items 6 and 7)
could benefit from more focus. For a matched sample of
one-year respondents (not shown), we find no clear gains
on any of these items. In a separate study, however, we find
indication that participants may have a renewed sense of
motivation and interest in active learning postworkshop that
is not reflected in these results [43]: knowledge (item 1),
skill (item 2), motivation (item 4), and supporting a
colleague (item 6) all demonstrated retrospective gains
when respondents were asked (postworkshop) to rate
both their pre- and postworkshop attitudes. These results

TABLE III. Mean, median, and gain scores for attitude and belief questions.
Preworkshop survey Postworkshop survey Gain"

Questions” n  Mean (SD)  Median ~ Mean (SD)  Median =~ Mean (SD)  Median  Effect size’
1. Knowledge 333 2.8 (0.7) 3 3.4 (0.7) 3 0.7 (0.9) 1 0.9

2. Skill 333 2.3 (0.7) 2 2.7 (0.7) 3 0.4 (0.8) 0 0.5

3. Effectiveness 313 3.7 (0.6) 4 3.8 (0.4) 4 0.2 (0.6) 0 0.3

4. Motivation 288 3.6 (0.7) 4 3.8 (0.4) 4 0.2 (0.7) 0 0.4

5. Supported by Others 272 3.4 (0.7) 4 3.4 (0.7) 3 0.0 (0.8) 0 0.0

6. Supporting Colleague 277 2.9 (1.0) 3 3.2 (0.8) 3 0.3 (1.0) 0 0.3

7. Evaluations 214 3.1 (0.8) 3 3.1 (0.8) 3 0.0 (0.9) 0 0.1

*Scales: 1 = none, 2 = a little, 3 = some, 4 = alot 1 = not very, 2 = a little bit, 3 = moderately (questions 1 and 2), and 1 = not very,

2 = a little bit, 3 = moderately, 4 = highly (questions 3-7).

“Gain scores are computed by subtracting postworkshop survey responses from preworkshop survey responses. The mean gain is the
average of the individual gain scores for each item. The median gain is the median of individual gain scores.
"The effect size is computed by dividing the mean gain by the pooled standard deviation across all pre- and postsurvey responses.
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tentatively suggest that participants’ understanding of
active learning itself (including the challenges it entails)
may be affected by the workshop, resulting in a down-
grading of their overly optimistic preworkshop ratings.
We do observe somewhat different outcomes for those at
Ph.D.-granting institutions, with slightly greater gains in
their beliefin the effectiveness of active learning compared to
those at non-Ph.D.-granting institutions (item 3; effect sizes
0.6 and 0.2, respectively) and lower confidence they could
get good student evaluations while using active learning
strategies (item 7; effect sizes -0.3 and 0.3, respectively).

C. Time spent on active learning

This section will explore the degree of use of student-
centered teaching practices (RQ3), based on measures of use
of active learning, student-centered practice, and EBIPs.

Most NFW and EFW respondents (45%) report “high”
use of active learning (more than 25% of class time spent on
active learning), and 22% report low levels of use of active
learning; see Fig. 2, left side. To investigate changes in use
of active learning, we compared matched preworkshop
and one-year responses (n = 75 matched responses). The
fraction of these faculty using high levels of active learning
increases from 41% (preworkshop) to 67% (one year), with
very few reporting low levels of use at one year; see Fig. 2,
right side. Upon examining individual changes in the use of
active learning for these respondents, we find that 51%
maintain the same level of active learning use at one year,
41% increase their level of active learning, and only 8%
decrease their level of use of active learning. Typically, high
users of active learning remain high users, and medium
users increase their use. The levels of use of active learning
for one-year respondents exceed that of the experienced
faculty—67% of one-year respondents report using

Full sample (n=331)
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high levels of active learning, compared to 45% of the
experienced sample.

We examined available data for evidence of concurrent
validity (whether other measures of the construct give the
same results) and found consistency between time spent on
active learning and other measures of teaching practice.
There is a correspondence between time spent on active
learning and reported use of active learning methods
(EBIPs); about 93% of participants who report high levels
of active learning have used at least one EBIP (compared to
72% of those with low levels of active learning use.)
Moreover, respondents with greater reported time spent on
active learning also have higher student-centered PIPS
scores, on average: the mean student-centered PIPS score
is 53.2 (SD 13.2) for those with low levels of time spent on
active learning, but 69.5 (SD 12.2) for those with high
levels of time spent on active learning. The consistency of
these other measures of teaching practice with self-reported
time spent using active learning provides some reassurance
as to the validity of the (latter) measurement.

D. Use of student-centered teaching practice
(PIPS survey)

For the NFW sample (n = 404), the modified student-
centered PIPS score is spread across possible values in a
bell-shaped curve (mean 62.1, SD 14.0); 22% of the sample
have scores on the low end (PIPS score <50) and 28% have
scores on the high end (PIPS score >70). These values are
consistent across cohorts, with no significant variations.
The student-centered PIPS score is slightly lower for those
at Ph.D.-granting institutions (mean 60.5, SD 15.7) than
at non-Ph.D.-granting institutions (mean 64.0, SD 13.0).
For the 40 EFW respondents, the student-centered PIPS
score is 61.2 (SD 15.5). These PIPS values for EFW and

Matched sample (n=38)

% class time using active learning
B High (>25%)

B Medium (11-25%)

O Low (1-10%)

5%

Experienced

New faculty faculty

Pre-workshop
new faculty

One-year post-
workshop new
faculty

FIG. 2. Percent of class time spent active learning, as reported by survey respondents. On the left side, “new faculty” are all
respondents to the NFW preworkshop survey (n = 331), “experienced faculty” are respondents to the EFW preworkshop survey
(n = 38). On the right side are the matched preworkshop—one-year sample of NFW respondents (n = 75).
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NFW respondents are similar to one another and are higher
than those reported for the original PIPS study [56] which
reported scores of 55 (STEM courses) and 65 (non-STEM
courses) for the nonmodified student-centered PIPS scores.
We find a moderate correlation (r = 0.42) between new
faculty members’ reported skill (item 2) in using active
learning and the PIPS score, which suggests that partic-
ipants’ self-reported ratings on the “skill” item are asso-
ciated with student-centered teaching practices.

In the one-year sample, we observe higher student-centered
PIPS scores (mean 69.6, SD 10.9; n = 120, unmatched
sample); higher than any values originally reported [56].
The matched pre or one-year sample reports a 10% gain in the
student-centered PIPS (effect size 0.8), and only 6% use low
levels of student-centered practice (score <50).

E. Knowledge and use of evidence-based
instructional practices

Below, we will first explore the degree of knowledge
of EBIPs (RQ2) and then the degree of use of these
practices (RQ3).

1. Familiarity with EBIPs, and the relationship to
teaching experience

Most respondents are familiar with at least one listed
EBIP: only 18% of NFW respondents report knowing none
of the listed EBIPs. They report familiarity with a median

of 3 EBIPs (though this drops to 2 EBIPs for those with
less than two years of teaching experience.) A small
fraction (15%) reported familiarity with more than 5
EBIPs. Respondents were most familiar with Cooperative
Group Problem Solving [62], Peer Instruction, concept
inventories, PhET Simulations and Interactive Lecture
Demonstrations, but the percent of those who have used
the method varies; Fig. 3 shows these results, sorted by
level of familiarity.

Results did not vary remarkably across the 8 workshop
cohorts, with consistent EBIPs typically reported as the
highest (or lowest) ranked methods by each cohort. Results
did vary by teaching experience. The more teaching
experience new faculty have, the more they report famili-
arity with EBIPs. Across all EBIPs, 47% of prefaculty
(student or TA), 80% of new faculty, and 92% of expe-
rienced faculty, report knowing at least one of these
methods; see Fig. 4.

Faculty reported relatively low levels of exposure to any
technique as a student or TA, with 10% or fewer respon-
dents reporting experiencing the technique in that period.
When aggregating across all listed EBIPs, however, we find
that approximately one-third of respondents experienced at
least one of these methods as a student or TA (Table IV;
2015 and June 2019 results). In general, the level of
experience with EBIPs as a TA is larger for the later
sample (June 2019), but the same is not true for experience
with EBIPs as a student.

Cooperative Problem Solving A

Think-Pair-Share |
Peer Instruction

Concept Inventories -
PhET Simulations A

Lecture Demonstrations

Ranking Tasks 4

Lecture Tutorials Physics

Just-in-Time Teaching

SCALE Up 1

Open Source Physics -

Lecture Tutorials Astronomy -

Real-Time Physics A

Response |:|

Level of knowledge and use of specific EBIPs in the NFW.

FIG. 3.
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FIG. 4. Level of familiarity with specific EBIPs by teaching experience. “Familiarity” includes respondents who answered selected
any of the following choices: I am familiar with it but have never used it, [ have used all or part of it in the past, or I currently use all or
part of it. Respondents are shown in order of increasing teaching experience: (1) Student or TA (n = 116), 0 average years of teaching
experience, data from June 2015 and June 2018 NFW cohorts; (2) New faculty (n = 442), 2.5 average years of teaching experience, data
from NFW presurvey; (3) Experienced faculty (n = 40), 18 average years of teaching experience, data from EFW presurvey. The dotted
line shows the comparison to historical data (N = 722), 15.4 average years of teaching experience (Henderson and Dancy [1]; Tables VI
and VIII).
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TABLE IV. Experience with evidence-based instructional prac-
tices as a TA or student.

Percent

June June
Experience with EBIPs 2015 2019
Experienced at least one EBIP as a student 35 34
Experienced at least one EBIP as a graduate TA 16 43
Experienced at least two EBIP as a student 17 21
Experienced at least two EBIP as a graduate TA 6 28
Sample size 63 53

New faculty members’ level of knowledge of these
EBIPs is not typically higher than reported in the
mixed-experience sample in the original study [28]. For
any single method, the historic level of knowledge typically
exceeds or meets the level of knowledge of new faculty at
the NFW.

2. Use of EBIPs, and the relationship
to teaching experience

As one measure of teaching practice, we compare the
reported use of these EBIPs for the different cohorts in the
study. The 5 most commonly used EBIPs were the same
ones that respondents had reported the highest levels of
knowledge about (see previous section), as one would
expect (Table V, column B). The percent of faculty who use
these methods is somewhat similar between new and
experienced faculty (Table V, columns B and C) though
with a few exceptions: a greater fraction of new faculty
reported using Cooperative Group Problem Solving and
Peer Instruction and a greater fraction of experienced
faculty reported using PhET Interactive Simulations.

When aggregating across all EBIPs (“overall” data in
Table V), we find that most new (57%) and experienced
faculty (70%) used at least one EBIP, and 43% of new
faculty used at least two. The average number of EBIPs
used was 1.7 for new faculty; quite similar to the 1.6

TABLE V. Current use of evidence-based instructional practices (EBIPs), by teaching experience, compared to historical data. See

headers for relevant comparison groups.

Full PreWorkshop data

Matched PreWorkshop vs.

(NFW vs. EFW) One-Year sample (NFW)
A B C D E
Historic NFW EFW NFW NFW
mixed preworkshop preworkshop preworkshop one-year
Description samplel all® all® matched* matched”
Evidence-based instructional practice (EBIP) Percent of respondents currently using’ the method
Cooperative Group Problem Solving 14 32 18 39 47
Peer Instruction 29 33 25 44 80
Concept Inventories e 24 25 31 55
PhET Interactive Simulations 25 32 36 45
Interactive Lecture Demonstrations 14 20 15 24 31
Tutorials in Introductory Physics 8 9 2 8 15
Just-in-Time-Teaching 8 7 10 5 7
SCALE-Up 3 8 10 8 36
Ranking tasks 15 5 5 6 8
Open source physics 2 10 10 14 24
Lecture Tutorials in Astronomy 3 5 2 3
Real-Time Physics 7 2 0 0 3
Overall
Do not currently use any EBIP 52 43 30 31 13
Use at least one EBIP 48 57 70 69 87
Use at least two EBIPs 34 43 40 58 79
Average number of EBIPs used 1.7 1.6 2.1 34
Average years teaching experience 154 2.5 17.8 2.5 3.6
Sample size 722 442 40 118 118

'Historic mixed data is from Henderson and Dancy [28], Tables VI and VII. Sample is mixed faculty from two-year and four-year

colleges based on a 2007 survey.

"New Faculty Workshop data is taken from preworkshop surveys in the current paper. The reported n represents the total number in the

sample.

3Expen'enced Faculty Workshop is data from preworkshop surveys of the EFW offered in 2016.
‘NFW one-year (new faculty at one year) data are taken from one-year surveys in the current paper, matched to presurvey responses.
>“Use” is defined as responding positively to “I currently use all or part of it.”
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reported by experienced faculty. The percent of new faculty
reporting no use of any EBIPs (43%) was greater than for
experienced faculty (30%).

Thus, despite new faculty’s lower levels of familiarity
with EBIPs compared to more experienced faculty, their
actual use of these EBIPs is remarkably similar to that of
the more experienced faculty in our study. The cohort of
experienced faculty in our study spent an amount of class
time on active learning similar to that of new faculty,
reported similar levels of student-centered practice on the
PIPS, and used similar numbers of EBIPs.

We also investigated the use of EBIPs by institution
type. Because of the sample sizes of the subgroups, we
restricted these analyses to the NFW. We found that, in
comparison to faculty at Ph.D.-granting institutions (35%),
a greater percentage of new faculty at non-Ph.D.-granting
institutions (67%) currently use at least one EBIP, and the
average number of EBIPs currently used is greater for those
at non-Ph.D.-granting institutions (1.9) versus Ph.D.-grant-
ing (1.0). This is similar to findings in Henderson and
Dancy [28] that faculty use of EBIPs was higher at
bachelor’s-granting institutions.

We analyzed how many NFW participants have ever
tried an EBIP by combining the responses “I have used all
or part of it in the past” and “I currently use all or part of it”
to the question asking about familiarity with various
instructional techniques. We find that 82% of new faculty
have tried at least one EBIP, but that only 66% of those at
Ph.D.-granting institutions have tried any EBIP compared
to 95% of those at primarily undergraduate institutions.
Of those who have tried at least one EBIP, more than half
report trying more than one, and, on average, new faculty
who have tried at least one EBIP report trying four EBIPs.
Among experienced faculty, 93% have tried at least
one EBIP.

A year after the workshop, using a matched sample, we
found that the percentage of faculty who do not currently
use any EBIP had decreased from 31% to 13%, and the
percentage of faculty using each listed EBIP increased
(Table V, columns D and E). The average number of EBIPs
used also increased for this matched sample, from 2.1 to
3.4. We do not attempt to analyze discontinuation rates
since the sample sizes for each EBIP are too small for this
purpose.

In comparing to historical data [28], we find similar
levels of use for most techniques except for Cooperative
Group Problem Solving (Table V, Column A). However,
the more recent revisiting study [61] reported higher levels
of use.

IV. LIMITATIONS

Our sample is restricted to those who attended the
workshop (fewer than half of new hires), and to those
who answered the survey. Because 85% responded to the
preworkshop survey, the conclusions about new faculty

before the workshop are less subject to sample bias.
Responses are likely subject to response bias such as social
desirability (trying to present oneself well; [63]) and effort
justification (that it was worth the time to attend the
workshop; [64]). We also recognize the limitations of
our ability to make causal claims due to the small sample
size of the faculty members who responded to the one-year
survey; this limitation restricts our analyses to aggregate
comparisons rather than individual change. Moreover, we
recognize the limitations of our comparison data for
contextualization: the sample size of experienced faculty
who participated in the EFW is small. The percent of EFW
participants reporting the use of any particular EBIP is as
little as half that reported in the updated study by Dancy
and Henderson [61], suggesting that our EFW participants
may be using fewer EBIPs than physics faculty nationally
and thus may not be as representative as our NFW sample.
To address these limitations, we presented and discussed
the comparison data together to help contextualize the
results for new faculty rather than focus on characterizing
the practices of experienced faculty.

Our survey instruments have several limitations. Some
changes in survey wording resulted in a post hoc combi-
nation of response codes (see survey instruments).
Estimated use of methods is artificially inflated in the
one-year survey because of the lack of an “I have never
used it” option for two cohorts. We were not able to measure
persistence in using EBIPs past one year. We also did not
include nonbinary gender options. This is a limitation of our
survey design which we will address in future surveys for
purposes of inclusion, although we would urge caution in
disaggregating data by a third (small) gender option for risk
of revealing identifiable information. The few participants
who chose “prefer not to answer” were removed from
analysis. Lastly, the seven Likert-scale questions we used to
determine pre-existing motivation, interest, and confidence
in active learning relied on individual questions to measure
complex constructs.

We rely on self-report surveys as proxies for actual
teaching practice. While earlier studies have indicated a
mismatch between self-reports and actual practice [65],
several more studies suggest a positive relationship between
self-report and practice [17,22,23,66]. In the current study,
we also find some evidence of consistency across several
measures of reported teaching practice (see Sec. II).

Another limitation is that our data rely heavily on
measuring faculty members’ knowledge and use of a set
of specific teaching methods; that is, the list of published
curricula and approaches which make up the EBIPs in our
study. This reliance is problematic because faculty may
interpret terms like “Peer Instruction” too broadly to mean
any technique involving peer interaction [11,31]; no
description was given of each method in our study.
Additionally, measuring EBIPs which are more prevalent
or normative in one discipline or another may limit
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transferable findings that can generalize across disciplines.
However, the same critique applies equally to our study and
the earlier studies [28,31], so our results are likely
comparable to this historical data set. Perhaps a more
important critique of this approach, however, is that faculty
may use active learning without using any of these
“official” teaching methods [67]. These factors limit our
confidence in the meaningfulness of measures of EBIP use.
This concern will be discussed further in Sec. VI.

V. DISCUSSION

We report on teaching attitudes, beliefs and practices of a
large sample of new faculty so that professional development
can better meet the needs of the incoming professoriate.
Below, we outline how our results provide evidence to
answer our original research questions, within the frame-
work of the ID model (Fig. 1). We generally find evidence
that new physics faculty may have progressed through the
knowledge stage of the ID model, and most are within the
persuasion or decision and implementation stage for one or
more techniques. However, there are likely gaps in their
knowledge and attitudes which could further support their
commitment to student-centered teaching, and their contin-
ued development as effective teachers. In this discussion we
provide some comparisons to Henderson and Dancy [28],
who surveyed physics faculty (n = 722) with an average of
15 years of teaching experience, using a similar list of EBIPs
to the current study, as well as to an in-progress follow up of
that study [61].

A. RQ1: Attitudes and beliefs

“To what degree do new physics faculty possess atti-
tudes, and beliefs—particularly self-efficacy, value, and
perception of support by others—which could support
decisions to use student-centered practice?”

We find that new physics faculty (in general) already value
student-centered instruction, and feel supported by others,
judging by responses to Likert-scale questions about active
learning. Gaps remain in new faculty members’ self-efficacy
to use active learning. Self-efficacy is the confidence in one’s
ability to successfully undertake a behavior [41]; perceived
skill and competence are thus both implicit measures of this
confidence. Responses to Likert-scale questions about
knowledge, skill, and confidence in using active learning
show room for growth. However, only self-reported knowl-
edge is enhanced by the workshop, which is only a small
piece of building self-efficacy. That said, the attitude and
belief questions may not capture a shift in participants
understanding of what encompasses active learning (see
Ref. [43] for a discussion of response-shift bias).

Faculty at Ph.D.-granting institutions reported lower
confidence in their ability to support colleagues or get
good student evaluations, suggesting that self-efficacy may
be an important area to further develop for this population.

These faculty also reported greater gains in their beliefs in
the effectiveness of active learning as a result of the
workshop, suggesting that professional development can
still effectively promote increases in the faculty members’
understanding of the value of active learning for some
groups. These results also suggest that faculty at
Ph.D.-granting institutions may need slightly different
levels of support, perhaps reflecting the different norms
and larger class structures at such institutions.

The relative lack of self-efficacy is of concern given that
it is likely a critical link in connecting intention to practice
in TPB [37-40]. Additional research is needed to uncover
approaches to build faculty members’ self-efficacy in
professional development settings.

B. RQ2: Knowledge

“To what degree do new faculty report knowing about
student-centered instruction (particularly EBIPs), and how
has this changed over the past decade?”

Our investigation of research question 2 focuses on
knowledge of active learning and EBIPs as elements of
student-centered learning. Faculty reported modest levels
of knowledge of active learning (median 3, “some”).
Across all studied EBIPs, 80% of new faculty reported
familiarity with at least one EBIP. New faculty have had
some exposure to EBIPs as prefaculty (students or TAs);
about half reported exposure to at least one EBIP prior to
their faculty appointment. Experienced faculty reported
much greater levels of knowledge of EBIPs than new
faculty; 92% were familiar with at least one EBIP (com-
pared to 80% of new faculty) and their knowledge of any
single EBIP was higher than that of new faculty (Fig. 4).
Physics faculty members’ awareness of EBIPs increased
with teaching experience, being lowest among prefaculty
and highest among experienced faculty, suggesting that
their knowledge is developed through professional chan-
nels (such as conferences or journals) as they engage in
their academic career.

New faculty awareness of any single EBIP in our study
was either on par with or slightly lower than the data from
Henderson and Dancy [28], where 87% reported familiarity
with at least one EBIP (compared to 80% in the current
study), and 50% reported familiarity with more than five
EBIPs (compared to 15% in the current study). Faculty
awareness in our study was also much lower than those
reported in the recent follow-up study [61]; up to 20% more
faculty in the follow-up study reporting knowledge of many
EBIPs. These results suggest that our new faculty sample
has not yet been exposed to as wide a range of EBIPs as
these more experienced populations of physics instructors,
perhaps due to their early career stage. The Dancy and
Henderson follow-up results [61], showing increased levels
of awareness and use of EBIPs, suggest that norms about
teaching practices in physics may have shifted since 2007
and that this was not captured in our study.
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Thus, new physics faculty demonstrate awareness of
active learning and EBIPs, which could support their
decision to use such methods in their teaching—but this
awareness shows room for growth, especially when com-
pared to other relevant populations.

C. RQ3: Teaching practices

“To what degree do new faculty report using student-
centered teaching practices, and how has this changed over
the last decade?”

New faculty report fairly high levels of use of student-
centered teaching practice, based on several different
measures used in the study.

Most new faculty have used EBIPs, especially those
EBIPs which were well known among the sample. Most
new faculty (82%) have tried an EBIP currently or in the
past, and about half (57%) currently use one. New physics
faculty members’ use of any single EBIP was either the
same or higher than 10 years ago [28] suggesting increased
use of EBIPs over time. Our results for EBIP use among
new physics faculty are somewhat lower than other recent
reports for mixed-experience samples [61] suggesting that
use of such methods is even more widespread among more
experienced teaching faculty.

Most new faculty reported using some level of active
learning before attending the workshop, and these results are
strikingly similar to previous work. We found that 45% of
new faculty use more than 25% of class time on active
learning, whereas Dancy and Henderson [31] reported 44%
of mixed-experience faculty used 30% or more of class time
on active learning. Note, however, that high levels of use of
active learning, or using more EBIPs, may not actually be
related to increased student learning (see Ref. [68]).

New faculty reported relatively high levels of student-
centered practice (PIPS mean 62.1), though with a broad
range (SD 14.0). Those faculty members reporting higher
levels of use of student-centered practice also tended to
report higher levels of skill in using active learning (item 2),
suggesting a connection between practice and self-efficacy.
While these data about levels of teaching practice and skill
are correlational, we hypothesize that the causality may be
bidirectional; greater self-efficacy leads to changes in teach-
ing practice, and greater experience teaching leads to self-
efficacy. If the two do build on one another in this way, then
encouraging participants to try something new when they
return to their home institution may further boost a sense of
mastery. A useful future avenue of research would be to
investigate the relationship of classroom experimentation
and self-efficacy in the months postworkshop.

Our results suggest that most new physics faculty may
have already progressed into the implementation stage of
the ID model for at least one teaching technique, and thus
that they bring directly relevant productive resources and
experience to professional development workshops—
despite relatively novice levels of awareness of such

techniques. Thus, knowledge does not necessarily predict
implementation rates, in keeping with the ID model
which requires a persuasion or decision stage prior to
implementation.

D. RQ4: One year later

“How do these attributes and teaching practices change
one year after a professional development experience?
(implementation and confirmation)”

A year after the workshop, new physics faculty did not
report significant differences in their self-efficacy (Likert-
scale items on knowledge, skill, or confidence) in using
active learning, or in their belief in the effectiveness of these
strategies, suggesting little change regarding persuasion or
decision. They do teach differently, however. A year after
the workshop, self-reported use of student-centered prac-
tice has increased compared to preworkshop levels and
exceeds that of the experienced faculty sample. Many
respondents (41%) increased their level of use of active
learning, and the percent using high levels of active
learning increases from 41% (preworkshop) to 67% (one
year later), whereas only 45% of experienced faculty
reported high levels of use. New faculty use more EBIPs
by one-year postworkshop (increasing from 2.1 prework-
shop to 3.4 at one-year), and the percent of new faculty not
using any EBIP dropped from 31% to 13%, a lower non-
use rate than experienced faculty (30% using no EBIP).
Student-centered teaching practices (measured by PIPS)
also increased at one year (average score 69.6 compared to
62.1 preworkshop). Few one-year respondents reported
using no student-centered practice by any measure: very
few (22%) reported low levels of active learning at one
year, only 13% use no EBIPs, and 6% have low student-
centered practice scores (<50) on the PIPS.

Previous work showed that most faculty try a technique
for at least one semester, but that approximately 1/3 of
faculty abandon a technique over time, with discontinu-
ation rates for any one EBIP of 27%-80% [28,31], and that
discontinuation is not affected by participation in the NFW
[30]. However, the number of one-year respondents using
any of the EBIPs exceeds that reported in the 2007 survey
[28] by more than a factor of 2. Thus, new faculty may
maintain high levels of use of EBIPs, but this seems overly
optimistic in the face of previous studies. Longer-term data
collection would allow us to test this hypothesis.

VI. CONCLUSIONS AND IMPLICATIONS

Across research questions 1-3, our findings may suggest
shifting norms of practice in physics. Most new faculty are
aware of specific teaching methods (EBIPs), they enter the
workshop with a sense that active learning is valuable, and
they feel supported by their peers in using active learning.
While they have not been exposed to as many EBIPs
as more experienced colleagues in this and other studies,
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some have seen these techniques prior to their faculty
appointment, and they have dabbled with active learning,
student-centered instruction, and EBIPs. We could hypoth-
esize that the evidence base for such practices may be more
accepted, and so new faculty do not feel as compelled to
seek justification for their use of student-centered practices
by seeking out knowledge and literature. Their focus is now
on implementation of student-centered instruction, includ-
ing developing the skills and confidence (i.e., self-efficacy)
to do it well. Research question 4 suggests that new faculty
are also especially open to experimenting with student-
centered instruction after a professional development work-
shop, and report very high levels of use one year later,
exceeding use by experienced faculty. Thus, most new
faculty appear to need minimal encouragement to move
through the persuasion or decision phases of the ID model
for an instructional technique, and are instead already deep
in experimenting (the implementation stage of the ID
model). We find the lenses of SDT and TBP to be valuable
in considering the factors leading to these instructional
choices, and consider that self-efficacy and agency (i.e.,
“perceived behavioral control” from TBP) are critical
considerations for further support of faculty instructional
choices.

However, we should be cautious to not overgeneralize
that all faculty are interested and engaged in developing
their teaching. We consistently find at least 20% of new
faculty whose practices differ from the rest of the sample,
judging from our various preworkshop measures: 22%
report spending small portions of class time on active
learning, 18% report knowing no EBIPs, 22% have low
student-centered PIPS scores (below 50), and 43% report
using none of the listed EBIPs. We also see differences
by institutional context. Compared to those at non-Ph.D.-
granting institutions, twice the fraction of faculty at Ph.D.-
granting institutions have never used any EBIP (67%
compared to 35% of faculty), they use about half the
number of EBIPs (1 vs 1.9 EBIPs used), and they are less
likely to have tried at least one technique (66% vs 95% of
faculty). We must use caution in interpreting the EBIP data
in particular, since there are many active learning strategies
which are not “official” EBIPs [13,68]; however, the
consistency of these findings across multiple measures
do suggest that there is a subset of about 1/5 of new faculty
who have not experimented as much with student-centered
instruction.

A. Implications for faculty change theories

Our findings show that faculty are actively engaged in
experimenting with their teaching; they have used various
elements of student-centered instruction, but continue to
seek new ideas, dropping and adding techniques over time.
This is not consistent with a linear model of adoption
(Fig. 1). Faculty are likely on different stages of a
continuing cycle of teaching improvement, both with

Competence Self-efficacy

Not yet experimented

Y s L
Knowledge ]* —>l Persuasion/Decision ]<—>| Implementation
L A

C—> |

Self-efficacy

Experimented

Metacognition

FIG. 5. The innovation-decision model of teaching improve-
ments, reenvisioned to incorporate cyclic improvements and
reflection (adapted from Andrews and Lemons [19], Fig. 3)
and with some differentiation by experience with active learning
(not yet experimented vs experimented).

respect to any single teaching method, and to teaching
innovation as a whole. We find it productive to imagine the
ID model not as a linear trajectory but as an iterative loop,
as suggested by Andrews and Lemons [19], renaming
confirmation as reflection, to better reflect teaching change
as an iterative, ongoing process (Fig. 5). For any individual
teaching method, one could imagine a faculty member
engaging in multiple innovation-decision “loops” until that
technique is solidified in their teaching and continued
iteration is no longer needed. By engaging in ID loops
for a variety of practices, the faculty member will (over
their career) develop a suite of tools for a fully interactive
classroom, practical strategies and skills, and a habit of
reflective teaching and knowledge seeking [22,32,33].
Different types of faculty may progress differently through
this cycle [10,67].

B. Implications for promoting specific EBIPs
in faculty development settings

It may not be appropriate to aim for the adoption of
branded EBIPs as the goal of professional development (the
“teaching-method-centered paradigm”; [68]). Physics edu-
cation research (among others) has historically included a
focus on developing adoptable curricula and methods
(branded EBIPs; [13]), disseminating them to faculty,
and supporting faculty in using these methods with fidelity
[29,69]. We are concerned that such a focus implicitly
propagates a deficit model of faculty as learners [68,70].
The current design of the NFW likely reflects this history;
previous work on the NFW suggested that the workshop
was often overly prescriptive and authoritarian in teaching
faculty about these methods, leaving “little space for
faculty to grapple with their incoming ideas about teaching
and learning” [35,71]. However, the NFW has evolved
since that publication, guided in part by that feedback. Our
findings suggest room for growth in faculty’s self-efficacy,
and further research may uncover new ways to support
faculty as autonomous decision-makers who reflect on their
teaching and draw on multiple productive resources in a
process of continuing development [68,72]. While the
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ultimate aim is for this development to include student-
centered instruction, such instruction may or may not
encompass any branded EBIPs.

C. Implications for professional development

Our results suggest that the role of professional develop-
ment for most faculty is not in a persuasive one, but rather
to support them as active agents who are progressing
through new “loops” of the ID process for one or more
instructional methods. To best support continued and
productive progression through these ID loops, faculty
need to consider their current goals and gaps in their
instruction.  Professional ~development should thus
strengthen metacognition and reflection [72] and provide
conceptual frameworks about teaching to provide the
foundation for future learning [68], including pedagogical
sensemaking and the “pursuit of robust pedagogical logic
based on observations and interpretations of classroom
events” [35]. Thus, productive outcomes for professional
development may include competence, self-efficacy, and
metacognition (Fig. 5). Achieving such outcomes may
launch faculty on a new round of the ID cycle. It is also
important to ensure that faculty see value in student-
centered instruction (Fig. 1), but this may be less critical
given results from our study and changes in perception on a
national scale [3]. See Strubbe et al. [68] for a thoughtful
exploration of how these desired outcomes align with a
focus on faculty agency around teaching.

Given these desired outcomes, it may be appropriate for
professional developers to provide gentle, respectful intro-
ductions to teaching techniques which assume some level
of knowledge and interest, albeit with some mispercep-
tions. One might also focus on the workshop as a “gate-
way” experience [30,46], where the aim is to get faculty to
try something new and learn from that experience [73].
A willingness to try something and learn from it is a part of
meaningful reflection [19,74], and those who have not used
a new technique tend to have fears about the technique
which do not match the actual challenges [11]. A focus on
productive classroom experimentation may improve faculty
members’ perceived skill in using active learning along
with their knowledge of techniques.

Professional developers also need to be mindful of the
diversity of new faculty, given the ~20% of new faculty
who do not feel as knowledgeable or motivated, and have

not experimented as much with their teaching. These
faculty (many of whom are at Ph.D.-granting institutions)
may not yet be at the implementation stage, and they may
need slightly different interventions (such as gentle per-
suasion and building competence) to support them through
their first round of the cycle, with agency being critical for
supporting their initial experiments (see Fig. 5).

D. Implications for research

In future research, we also suggest moving away from a
research and evaluation framework in which faculty knowl-
edge and use of specific EBIPs are measured. While this
was our approach in the current paper, we now find this to
be a flawed approach. It would be valuable to disentangle
the attitudinal attributes we perceive as related to agency
and self-efficacy (e.g., skill, confidence, autonomy, iden-
tity) and to develop valid and reliable measures of these
attitudes. Further interpretive studies of the PIPS would be
similarly useful. Using our proposed model of teaching
change (Fig. 5), especially in light of different experiences
and backgrounds of diverse faculty, would be informative
for the field. While the current study is in physics, the
messages are likely to be relevant to other fields. Additional
studies can help to better understand how teacher knowl-
edge, beliefs, and attitudes contribute to effective and
sustained use of student-centered instruction and how these
may differ by discipline, which will make further progress
in changing STEM instruction.
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