ARTICLE [

Brief Training and Intensive Mentoring
Guide Postdoctoral Scholars to Student-

Centered Instruction

R. M. Price,* C. J. Self, W. C. Young,® E. R. Klein,'S. Al-Noori," E. Y. Ma,” and

A. DeMarais®

School of Interdisciplinary Arts and Sciences and School of Technology, Engineering & Mathe-
matics, University of Washington Bothell, Bothell, WA 98011-8246; ‘Department of Biology,
University of Washington, Seattle, WA 98195-1800; ‘Fred Hutchinson Cancer Research Center,
Seattle, WA 98109-1024; lEducurious Partners, Seattle, WA 98102; #School of Interdisciplinary Arts
and Sciences, University of Washington Tacoma, Tacoma, WA 98402-3100; ®Department of
Biology, University of Puget Sound, Tacoma, WA 98416

ABSTRACT

The Science Teaching Experience Program—Working in Science Education (STEP-WISE)
provides teaching experience for postdoctoral scholars holding full-time research ap-
pointments. Through a combination of mentorship, deliberate practice, and feedback, the
postdocs learn and apply inclusive, evidence-based pedagogies. STEP-WISE is integrated
into postdocs’ demanding schedules and is sustainable for institutions to run. Here, we
assess the effectiveness of STEP-WISE. We used the Classroom Observation Protocol for
Undergraduate STEM instruction to quantify instructor and student behaviors in 20 STEP-
WISE class sessions from seven courses designed and taught by postdocs in the program.
We found that all of the postdocs used student-centered teaching strategies. Also, using a
design-based research framework, we studied the program to identify the salient compo-
nents of its design. Four interconnected key elements contribute to the program'’s success:
1) two training sessions, 2) a precourse meeting with the mentor, 3) implementation of
active-learning strategies with support, and 4) debriefing with the mentor after each class
session. STEP-WISE is a replicable model to support postdocs seeking training and experi-
ence in evidence-based teaching practices geared to improving undergraduate education
and transforming pedagogical practice. We conclude that high-impact teaching can be
learned early in a career with streamlined training and intensive mentoring.

INTRODUCTION
Undergraduate instruction in science, technology, engineering, and mathematics
(STEM) needs to improve (American Association for the Advancement of Science
[AAAS], 2011; Henderson et al., 2011; National Research Council, 2012; Freeman
et al., 2014; Theobald et al., 2020; Harris et al., 2020), and researchers are uncovering
evidence for effective and inclusive strategies that address this need for improvement
(AAAS, 2011; Tanner, 2013; Freeman et al., 2014; Wilson and Brame, 2018; Theobald
et al., 2020). Even as the research progresses, most STEM instructors still do not use
student-centered teaching strategies, relying instead on the familiar—and demonstra-
bly less effective (Freeman et al., 2014) and racially biased (Theobald et al., 2020)—
format of lecture-only classes (Stains et al., 2018). According to Stains et al. (2018),
for example, only 18% of more than 2000 STEM university class sessions were
student-centered; the rest of the sessions were didactic (55% of the class sessions) or
interactive lecture (27%).

A number of barriers interfere with the ability of STEM instructors to adopt more
effective teaching (AAAS, 2011, 2019). For example, instructors may not know which
strategies to adopt (Henderson et al., 2011) or even how to adopt strategies as they
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were intended to be implemented (Offerdahl et al., 2018).
Faculty time is often limited, which impedes the ability to foster
extended immersion that promotes successful change, such as
that provided through professional learning communities
(Henderson et al., 2011).

A potential solution to this conundrum is to train early-ca-
reer scientists, such as postdoctoral scholars, how to teach more
effectively (Ebert-May et al., 2015). This solution benefits post-
docs as they enter the faculty job market, because faculty hiring
criteria include not only more requirements than they have in
the past, but also teaching experience that is demonstratively
high quality (Fleet et al., 2006; Alberts et al., 2014; Kelsky,
2015). Ebert-May and colleagues developed the FIRST IV pro-
gram, a highly successful model for training postdocs to teach
with evidence-based and student-centered methods, and the
postdocs who completed this program continued to leverage
these teaching strategies years later as faculty members (Ebert-
May et al., 2015; Derting et al., 2016; Emery et al., 2020).
Briefly, the postdocs in this program were selected from
throughout the United States to attend an intense, 4-day peda-
gogical training in each of two consecutive summers. Postdocs
taught their own undergraduate courses during the intervening
school year, consulting with mentors as they did so (Ebert-May
et al., 2015).

Another successful approach to providing postdoctoral
scholars with skills to teach has been the Institutional Research
and Academic Career Development Awards (IRACDA) from the
National Institute of General Medicine (National Institute of
General Medical Sciences, 2021). Through this granting oppor-
tunity, institutions have developed programs that train postdocs
in both effective pedagogy and research. Currently, more than
60 institutions—the majority of which are minority serving—
have IRACDA programs (National Institute of General Medical
Sciences, 2021). These programs are holistic, addressing multi-
ple skills required for success in academic careers, including
teaching, and graduates of the programs have been successful
in obtaining and succeeding in faculty positions (Rybarczyk
etal., 2011, 2016; Eisen and Eaton, 2017). However, the peda-
gogical training is intensive; in one IRACDA program, for exam-
ple, postdocs take a semester-long course on effective teaching
and then teach a semester-long course (Eisen and Eaton, 2017).

A drawback to the IRACDA and FIRST IV programs is that
they are time-intensive for postdoctoral scholars—scientists at a
career stage with many conflicting demands on their time.
Moreover, FIRST IV necessitates that participants travel, rather
than integrating opportunities for teaching-based professional
development into postdocs’ everyday responsibilities. Another
drawback has been, because of their federal support, the exclu-
sion of international postdocs from the training opportunities.
Also, both FIRST IV and IRACDA have been expensive—paying
for travel and intensive mentoring or multiyear stipends for
postdocs.

The Science Teaching Experience Program-Working in Sci-
ence Education (STEP-WISE) is a practice based, collaborative
model for training postdocs in student-centered teaching
(Figure 1). This model removes the burden of travel for train-
ing and the requirement to teach an entire semester-long
course. Postdocs collaborate in teams of three to deliver a
10-week undergraduate seminar course at their home institu-
tions. The program is designed for postdocs in 100% research
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Fall Training Sessions
¢ One 2-hour training workshop on back-
wards course design, different orders of
cognition, & teaching critical thinking.
¢ One 2-hour training workshop on active
learning, best practices, and education re-
search.

Training

Pre-course Mentor Meeting

¢ One 2-hour meeting with team of 3 post-
docs and mentor to discuss course plan-
ning, syllabus, and assignments.

Teaching
e Teams of 3 teach a 10-class seminar course

to either multiple majors or senior biology
undergraduates.

e 1-hour debrief with mentor and teaching
team after each class meeting.

Deliberate
Practice &
Feeback

Early career instructors using evidence-based, inclusive

strategies to teach basic science

FIGURE 1. Overview of STEP-WISE.

positions, so research productivity can be maintained through-
out the apprenticeship. Pedagogical training occurs alongside
their research and is addressed for a few hours each week that
are distributed over two quarters, so postdocs are practicing
the skill that faculty need to teach and conduct research simul-
taneously. Much of the training occurs during debriefs after
each class session, when a teaching mentor facilitates self-re-
flection that is directed by a rubric about what worked in class
and what to improve. STEP-WISE is cost-efficient and sustain-
able from the perspective of the institution. The cost is built
into the curriculum, so long as seminar courses are taught,
because the instructor of record for the course is the teaching
team’s faculty mentor. The mentor advises the team as they
prepare the syllabus, attends each class session to observe, and
facilitates the debrief.

Here, we provide a rigorous analysis of the success of STEP-
WISE in training postdocs to teach with student-centered
strategies. To test its effectiveness, we compared the kinds of
instruction used by STEP-WISE postdocs to the kinds reported
in Stains et al.’s (2018) national database of the instructional
styles used by STEM faculty. Both this study and Stains et al.’s
(2018) study used the same instrument, the Classroom Obser-
vation Protocol for Undergraduate STEM instruction (COPUS;
Smith et al., 2013), to record teaching styles employed in
classrooms and the frequency at which they were used. Specif-
ically, we tested the hypothesis that postdocs in STEP-WISE
would use student-centered instruction that encouraged col-
laborative learning among students and that they would do so
at a higher rate than the instructors in Stains et al.’s (2018)
study.

In addition to this quantitative analysis, we used a design-
based research framework (Cobb et al., 2003; Design-Based
Research Collective, 2003) to collect and analyze data that
explore how STEP-WISE was effective at helping beginning
instructors use evidence-based and inclusive pedagogies and to
identify the salient features of STEP-WISE that promoted post-
docs’ use of evidence-based and inclusive pedagogies.
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STEP-WISE

Since 2011, STEP-WISE has been providing teaching experi-
ences for postdocs who have 100% research appointments. The
STEP-WISE mission is to “engage a diverse pool of postdoctoral
scholars at the University of Washington (UW) and affiliate
institutions in a closely mentored apprenticeship to learn how
to teach scientifically with inclusive, demonstrably effective,
student-centered pedagogies” (Science Teaching Experience
Program, 2021a). Most postdoctoral scholars at the UW con-
duct research in biomedical fields, and all the courses that
STEP-WISE postdocs teach are tied to biology curricula. Post-
docs work in teams of three to develop and teach a special-top-
ics seminar course with no more than 24 undergraduate stu-
dents enrolled. STEP-WISE expands the curricula offered by the
UW Department of Biology, the UW Bothell School of Interdis-
ciplinary Arts and Sciences, the UW Bothell School of Science,
Technology, Engineering and Mathematics, and the University
of Puget Sound Biology Department. The topics are cutting
edge, and have included the neuroscience of pain and addic-
tion, CRISPR/Cas 9, the microbiome, and disease treatments.

Through their experience in STEP-WISE, 168 postdocs have
gained the experience they need to evaluate whether they want
a career that involves undergraduate teaching, as well as the
experience necessary to be competitive for faculty positions with
a significant teaching component. While the program focuses on
teaching effectiveness, and therefore faculty positions, a number
of graduates have found the skills they learned useful as they
transition to careers in the biotech industry (e.g., Nygren, 2018).

The apprenticeship takes place over two academic quarters.
In the Autumn, postdocs receive instruction in two 2-hour train-
ing sessions for the whole cohort (Figure 1, Training). In the
first session, they learn about backward design (Wiggins and
McTighe, 2005), and each team identifies a course topic based
on their shared research expertise. In the second session (Figure
1), they learn about active-learning strategies (Ma et al., 2021),
such as the jigsaw (Aronson and Bridgeman, 1979; Clarke,
1994), gallery walk (Francek, 2006), think—pair-share (Tanner,
2013), unbiased call (Waugh and Andrews, 2020), and quick
writes (Tanner, 2013). Before their teaching begins, the post-
docs work in their teams of three to design a quarter-long sem-
inar. This planning includes at least one session with their fac-
ulty mentor to discuss the course design and improve the
syllabus (Figure 1, Planning).

The second quarter of the apprenticeship is the teaching
quarter (Figure 1, Deliberate Practice and Feedback), which can
be Winter, Spring, or Summer. During this term, the postdocs
teach their seminar, with each postdoc leading three classes.
Classes meet once per week for 10 weeks in the Winter and
Spring quarters, and twice a week for 5 weeks in an accelerated
Summer quarter. The 10th and final class session is usually
reserved for undergraduates presenting final projects or drafts of
final projects. The entire teaching team, including the mentor,
attends each class session, after which they debrief as a team for
an hour. The mentor notes the inclusive teaching strategies
used, including strategies used to promote scientific approaches
such as critically analyzing experimental design, interpreting
data, and proposing new experiments. In the class sessions and
debriefs, the postdocs learn collaboratively from one another’s
teaching. After the debrief, the mentor shares a written observa-
tion of each class session with the teaching team.

CBE—Life Sciences Education « 20:ar64, Winter 2021

Postdocs Adopt Student-Centered Teaching

Debriefs also address assessment, grading strategies, and
time management. Mentors advise the postdocs to limit their
class preparation time to 2—4 hours per class session and to
limit their grading time to 1-2 hours per week. However, post-
docs typically begin their teaching by spending an excess of 10
hours of preparation per class. In the assessment of the STEP-
WISE presented here, the postdocs reported that they averaged
8.5 hours of preparation (min. = 2.8, max. = 32, N = 18) across
each of their three class meetings.

Scientific Teaching

The design of STEP-WISE is informed by scientific teaching, a
pedagogical philosophy that frames teaching as a continual pro-
cess of hypothesis testing (Handelsman et al., 2004, 2006;
Couch et al., 2015). Every teaching decision is based on the
hypothesis that students will learn what an instructor intends,
and the instructor is constantly collecting data to test that
hypothesis for all students in the course. An aspect of inclusivity
that is built into STEP-WISE is the expectation that postdocs
employ a variety of assessments to measure learning in the
entire population of students.

STEP-WISE leadership has ensured that the program stay
current with best pedagogical practices, employing many of the
criteria specified in a taxonomy of scientific teaching (AAAS,
2011; Couch et al., 2015) and refinements to well-established
teaching techniques (e.g., discussions of unbiased call; Waugh
and Andrews, 2020; Cooper et al., 2021). Couch et al. (2015)
describe scientific teaching as occurring in courses in which
content is well aligned to course learning goals and in which
students apply scientific processes, participate actively in their
learning, and engage in higher-level cognition. The initial two
2-hour training sessions introduce postdocs to these aspects of
teaching.

The first training session introduces postdocs to backward
design (Wiggins and McTighe, 2005; Figure 1), the practice of
identifying course-level learning goals, and breaking these
down into goals for each class session (Handelsman et al.,
2004; Wiggins and McTighe, 2005; Felder and Brent, 2016;
Sana et al., 2020). As part of this introduction, we also present
Bloom’s taxonomy (as described by Crowe et al., 2008; Dirks
et al., 2014; Felder and Brent, 2016), so postdocs can begin
thinking about different orders of cognition as they write learn-
ing goals. We emphasize that analyzing and evaluating data
from the primary literature and designing new experiments
both occur at higher orders of cognition. By the end of this
workshop, members of each teaching team have met each
other, identified a topic for their seminar, brainstormed on the
final project that they want students to accomplish, and identi-
fied a set of potential learning goals. The current version of this
workshop (as of Autumn 2020) also encourages postdocs to
reflect on the teaching practices that the workshop facilitators
used, including learning goals articulated across Bloom’s taxon-
omy, unbiased call, using participants’ names, individual think-
ing and writing time, group work, a structured worksheet, and
whole-group discussion.

A major component of scientific teaching is on inclusive
teaching to reach the full diversity of students in the class-
room (Handelsman et al., 2006). The second training ses-
sion (Figure 1) emphasizes this component by introducing
teaching methods that are both active and inclusive (as in
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AAAS, 2011), and it is described in detail, complete with
worksheets, elsewhere (Ma et al., 2021). In academic year
2018-2019, when this study took place, the postdocs com-
pleted a jigsaw, a technique in which groups of students form
different areas of expertise, and then students reshuffle into
new groups where each member shares the expertise from
their first groups (Aronson and Bridgeman, 1979; Clarke,
1994). The expert groups in this jigsaw studied one of three
articles about the efficacy of active-learning strategies: 1) an
article describing an activity or homework assignment that
helps students understand figures from the primary litera-
ture (Round and Campbell, 2013), 2) an article that finds
the jigsaw to be a more collaborative group learning exercise
than when students complete an entire worksheet as a group
(Theobald et al., 2017), and 3) an article that evaluates how
well instructors adopt student-centered learning (Ebert-May
et al., 2011). In addition to the jigsaw, this training session
includes a think-pair-share (Tanner, 2013; Cooper et al.,
2021), which ensures that each person thinks individually
and pairs up with another student to discuss; gallery walk
(Francek, 2006), in which students take turns writing their
group’s answers at different stations; quick writes (Tanner,
2013), in which students write down their own ideas; and
unbiased call (with the option to pass or not be called;
Waugh and Andrews, 2020) about open-ended questions.
STEP-WISE is designed to encourage and support postdocs
as they implement these inclusive strategies through deliber-
ate, classroom practice followed by reflection after each class
session during the teaching quarter.

Approximately 1 month before teaching, the team of post-
docs returns to the idea of learning goals, higher orders of cog-
nition, and scientific processes at a precourse meeting with
their mentor (Figure 1). This is the point in STEP-WISE at which
the postdocs and their mentor begin working closely together
and when the postdocs begin to receive feedback about the
course plan. The postdocs prepare for this meeting by drafting
their syllabus and identifying one or two articles per postdoc
from the primary literature that they want to use as the focus
for their teaching. The mentors review the learning goals on the
syllabus to ensure that they include higher orders of cognition
and scientific processes. At this meeting, the mentor also dis-
cusses the final project with the postdocs to make sure that it
focuses on applying scientific processes, such as students pro-
posing an experiment that would follow up on one of the arti-
cles they read.

During teaching (Figure 1), the mentors remind postdocs to
focus on their learning goals as they decide which components
of the content to expand and contract. The goal is for mentors
to remind postdocs to consistently use the data they are collect-
ing (e.g., what students have written in worksheets or on white-
boards, their responses during unbiased call, the questions they
ask while instructors circulate) to dictate the pace of class,
aligning content to students’ needs.

MATERIALS AND METHODS

We used data from the 21 STEP-WISE participants (seven
courses, each taught by three postdocs) from the 2018-2019
cohort (Table 1) and three faculty mentors (authors R.M.P,
S.A.-N., and E.Y.M.). We chose this year because we had fund-
ing to hire an external evaluator (author E.R.K.).
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TABLE 1. Demographics of the 2018-2019 STEP-WISE cohort
(N=21)

Gender 10 men
11 women

Race 15 white
3 Latinx (any race)
3 Asian

U.S. citizens 14 yes

Years since PhD (mean, SD)

Prior teaching experience (median, min.-max.)
Teaching assistantship 1, 0-3 courses
Guest lectures 0, 0-2 class meetings
Instructor of record 0, 0-6 courses

2.6 years + 2.4

>

Two of the classes were aimed at second-year students from
a variety of majors (including biology) and the other five were
for senior biology majors (Supplementary Material Table 1).
Four of the courses were offered at the UW Seattle. The other
three courses occurred at the UW Bothell, a master’s regional
branch campus that is classified as an Asian American and
Native American Pacific Islander minority-serving institution.
Classes ranged in size from 10 to 24 undergraduate students
(mean = 16, SD = 5).

The postdocs were beginning instructors. They had taught
between 0 and 6 classes (median = 0), guest lectured between
0 and two times (median = 0), and been graduate teaching
assistants for between 0 and 3 courses (median = 0).

The UW Institutional Review Board determined that the
data used in this research were exempt from review under cate-
gory 1, normal education practices (STUDY00005114).

Comparing the Teaching of STEP-WISE Postdocs with a
National Sample

Capturing Instructor and Student Behaviors. While many
classroom observation protocols exist (e.g., Eddy et al., 2015;
Hora, 2015; Durham et al., 2018), the COPUS (Smith et al.,
2013) is becoming a standard instrument for quantifying the
amount of time spent on active instruction in classrooms (e.g.,
Lund et al., 2015; Stains et al., 2018; Zagallo et al., 2019;
McNeal et al., 2020; Denaro et al., 2021). Moreover, the large
set of COPUS data by Stains et al. (2018), as linked to in their
supplementary materials, provides a control group that rep-
resents how most instructors teach STEM courses in the United
States. Because our goal is to measure the strengths of the pro-
gram, we intentionally chose to evaluate the success of STEP-
WISE with respect to overall teaching patterns, rather than
comparing this program to others for postdocs. Comparing
STEP-WISE to other programs that successfully increase the
amount of active learning, such as FIRST IV, would require a
different, and particularly sensitive, observation protocol (Hora,
2015).

To analyze STEP-WISE classes with the COPUS, we made
audio recordings of each instructor, typically from the second
class session taught by each. Using audio recordings as the basis
for COPUS data meant that the evaluator could focus her obser-
vations on behaviors that were not necessarily captured by the
COPUS while she took field notes. The instructor wore the
recorder, so we could hear him or her moving around the room
and the voices of students changing. We could also hear them
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writing on the whiteboard. One instructor was inadvertently
not recorded, and therefore, our sample consists of 20 postdoc-
toral scholars. Class sessions were 2 hours long, but we only
coded the first hour of instruction. This decision was made to be
conservative: more announcements and other kinds of adminis-
tration that is instructor-centered, rather than student-centered,
tend to occur in the first hour of a class session. In STEP-WISE
classes, it is also common to have the second hour of class par-
ticularly student-centered, for example, with students working
in groups to make predictions, articulate hypotheses, and design
experiments to test those hypotheses. The observations con-
ducted in parallel to this study, combined with notes written by
mentors, confirm that student-centered instruction continued
in the second hour of the classes.

Authors R.M.P. and C.J.S. coded the audio recordings with
the COPUS. They followed the training protocol outlined in the
paper that introduces the COPUS (Smith et al., 2013), first
talking through the different behaviors, then reviewing the
sample videos the authors of the COPUS recommended for
training. Because we did not have video data of the classes we
were coding, we began by listening to the training videos with-
out watching them. We then compared our initial audio-only
coding of the videos to a second set of coding based on videos,
and we confirmed that our coding was consistent between
these modalities. R.M.P. and C.J.S. calibrated their scoring with
the COPUS by sharing the codes that they assigned for the train-
ing videos and discussing any differences. Once they reached a
level of comfort with the coding videos that were available
online, they moved onto coding STEP-WISE classes. The COPUS
documents a set of instructor and student behaviors that occur
in 2-minute intervals. R.M.P. and C.J.S. would listen to the
audio at the same time but recorded their codes independently.
At every 2-minute interval, they would stop and compare what
they had coded, resolving disagreements through discussion to
reach a consensus. At times they referenced field notes taken by
author E.R.K. and observations written by mentors as a way to
double-check their coding. They also referenced worksheets
that instructors distributed to students, for example, to deter-
mine whether instructors asked students to make predictions.
R.M.P. is the executive director of STEP-WISE, but C.J.S. has no
connection to the program; her independence from STEP-WISE
was essential for minimizing bias due to conflict of interest.
Notes about how they applied the COPUS are included in Sup-
plementary Table 2.

Statistical Analysis. After each class was coded for the instruc-
tor and student behaviors present in every 2-minute interval,
data were summarized to obtain the percentage of time each
behavior occurred during the class. Instructors were the unit of
analysis. Class summaries were then analyzed using the COPUS
Analyzer (COPUS Analyzer, 2021) to document how each class
fell into the clusters described by Stains et al. (2018). To com-
pare the behaviors of instructors and students in STEP-WISE
and the data collected by Stains et al. (2018), we used the
Mann-Whitney U-test to determine whether each behavior was
significantly different between populations. The Mann-Whitney
U-test is a nonparametric comparison of the medians between
two populations, analogous to the parametric t test; we consid-
ered p values <0.05 to indicate a statistically significant differ-
ence between medians (Wilcoxon, 1945; Mann and Whitney,
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1947). The test produces a U-statistic, from which we can calcu-
late a p value measuring the probability of obtaining a value at
least as extreme as the observed value if there is no difference
between the populations. This test is appropriate for samples
that differ in population size, and it is conservative in this case,
because the power decreases when the sample imbalance is
large. The fact that we observe statistical differences—even
with such large sample size imbalances—is noteworthy. The p
values were then adjusted to account for multiple testing using
the Holm-Bonferroni method (Holm, 1979). Behaviors were
compared between STEP-WISE and the full Stains data set and
also between STEP-WISE and cluster 6 from Stains et al. (2018),
a cluster of student-centered instructors often typified by group
work and worksheets. All STEP-WISE classes were also catego-
rized as cluster 6.

Spearman rank correlations were calculated among the
STEP-WISE behaviors across all classes to generate a correlation
heat map.

These analyses were conducted in R (R Core Team, 2020).

Identifying the Key Elements of the Program'’s Design

The results of the COPUS analysis indicated that the STEP-WISE
postdocs teach actively and to a great extent compared with
even the most active instructors in a national data set (Stains
et al., 2018). We adopted a design-based research framework
(Cobb et al., 2003; Design-Based Research Collective, 2003) to
explore which design elements of STEP-WISE were particularly
salient to the postdocs’ outcomes. Design-based research is
often used iteratively to improve programs through time; here,
we conducted the first of these iterative analyses. Our intent
was to identify the observed outcomes of STEP-WISE and then
to connect them to the designed elements that led to those out-
comes. These data are derived from the same seven courses—
and the teams of three that taught each—that were included in
the COPUS analysis.

Data Collection. Aligned to the analytic framework of design-
based research (Cobb et al., 2003; Design-Based Research Col-
lective, 2003), data about the programmatic elements of STEP-
WISE and the nature of postdocs’ collaborations were obtained
from field notes (Emerson et al., 2011), as well as analysis of
audio recordings of whole-group training sessions.

Field notes were recorded by author and external, indepen-
dent evaluator E.R.K. between September 2018 and August
2019. Just as our apprenticeship is divided into early training
and deliberate practice, our data collection focused on observa-
tion of the training and the postdocs’ teaching (i.e., pedagogies
of enactment; Grossman et al., 2009).

E.R.K. made field observations (Emerson et al., 2011)
approximately every third week of class to observe each post-
doc once and to capture the trajectory of each team’s collective
learning. The field observations included the 2-hour class ses-
sion and the 1-hour debrief. During each class, E.R.K. focused
on documenting the main instructor’s teaching practice, co-in-
structors’ collaboration, undergraduate students’ participation
and engagement, and the mentor’s mode of support and
engagement. During the debriefs, she focused on how mentors
structured the hour, the forms of support and feedback offered
by the mentor, and how postdocs engaged with their mentor
and one another.
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We supplemented these data streams with reflections by the
participants obtained from 30-minute focus group interviews
conducted by E.R.K. with each teaching team (Supplementary
Table 3). These focus groups were transcribed to obtain a fine-
grained depiction of participants’ experiences and allow for
coding and analysis. Nineteen of the STEP-WISE participants
also completed an online evaluation of the apprenticeship
within 1 month of completing their teaching (Supplementary
Table 4). To obtain data from the mentor’s perspective, E.R.K.
conducted semistructured interviews with each mentor (Sup-
plementary Table 3). These interviews revealed how mentors
were prepared to support novice teachers, to understand their
mentoring experiences during and before the year under study,
and to collect feedback on program structures and supports.

Finally, E.R.K. analyzed handouts that the mentors provided
at Autumn training sessions, worksheets created by the postdocs
for their classes, email messages between postdocs and men-
tors, and mentors’ written observations of each class session.

Data Analysis. We analyzed data qualitatively, using each
teaching team (postdocs and mentor) as the unit of study. Each
team of postdocs formed small, embedded units of analysis,
given the collaborative learning that took place during debrief
sessions. Our goal was to study the outcomes for this STEP-
WISE cohort and identify key elements of the program design.
We used Dedoose v. 8.2.14 to index across data streams,
writing additional memos (Miles et al., 2013) that documented
noteworthy aspects about each artifact and making connections
across artifacts. Rather than conducting an ethnographic analy-
sis of only our field notes, we used open coding (Patton, 2014)
across all types of qualitative data to identify and explore the
data, and we used structural coding to analyze the effect of
particular goals of the program. The coded data were then used
to relate these findings to the designed structures and the men-
tors’ reflections, allowing us to build arguments (“higher-level
claims” in Strauss and Corbin, 1990) about why certain aspects
of the program’s design were identified as key elements that
impacted participants’ outcomes. Accordingly, the Results sec-
tion provides descriptions of the key program design elements
in relation to the experiences and outcomes for the postdocs.

TABLE 2. Key design elements of STEP-WISE

Most of the qualitative data we collected did not lend itself
to quantitative analysis, because of the nature of open-ended
and semistructured prompts (Patton, 2014). However, the eval-
uation survey that the postdocs completed included multi-
ple-choice and rating questions (Supplementary Table 4). The
results from these questions were analyzed with basic descrip-
tive statistics in Microsoft Excel.

RESULTS

Our comparison of STEP-WISE teaching to a national sample,
supplemented by the programmatic evaluation conducted with
a design-based research framework, indicate that STEP-WISE is
meaningful and successful. We first present the results of our
analysis quantifying the amount of active learning observed and
the relationships among instructor and student behaviors. We
then present the four key elements in the design of STEP-WISE
(Table 2). The key elements are arranged in the order during
which they appear in the program. Quotations are from STEP-
WISE postdocs, except when indicated. Sections about the key
elements also include results from the evaluation survey.

STEP-WISE Instructors Use Student-Centered Strategies at
a High Rate

Seven of the 12 instructor behaviors were significantly different
between the STEP-WISE and Stains et al. (2018) data (Figure
2A, asterisks, and Supplementary Table 5), and two of the
instructor behaviors were absent from STEP-WISE courses
(clicker questions, CQ; other instructor behaviors, I O). STEP-
WISE postdocs spent significantly less time lecturing (Stains
et al., 2018; Figure 2A and B and Supplementary Table 5), and
the instructors spent significantly more time on administration
(setting up activities, Adm, p < 0.0001), following up after
activities (p = 0.02), working with students one-on-one (101, p
< 0.0001), and guiding group work (MG, p < 0.0001; Figure 2
and Supplementary Table 5). Many of the instructors in Stains
et al’s (2018) sample used clicker questions (CQ), but STEP-
WISE instructors did not. Instead, they posed open-ended ques-
tions (PQ, p < 0.001). Finally, significantly more instructors in
the Stains et al.’s (2018) study wrote on the board in real time
(RtW, p < 0.01). Collectively, these results indicate that

Key elements

Features

1. Autumn training .
sessions d

Begin designing a course through backward design (session 1).
Experience active-learning strategies as postdocs learn about them (session 2).

* Introduce postdocs to primary literature supporting different active-learning strategies (session 2).

2. Precourse meeting  ®

with mentor of the course

Hold a structured meeting between the teaching team and the faculty mentor approximately 1 month before the start

* Refine learning goals for the course and class meetings.
* Begin scaffolding a final project that will unfold throughout the term.

* Arrange digital collaboration.

3. Implementing active *
learning with .

support * In-class collaboration among instructors.

Implement inclusive teaching strategies, such as think—pair-share, jigsaw, gallery walk, and unbiased call.
Collaborate across instructional team members in class.

* Write and use worksheets that structure class sessions.

4. Debriefs .

Reflect on the class just taught, centering the experiences of the lead instructor.
* Elicit additional reflection from co-instructors.

* Build on postdocs’ reflections by praising instruction, making suggestions for improvement, comparing with examples
of success and failures from mentor’s own teaching, and modeling language for classroom use.
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FIGURE 2. Summary of the COPUS results demonstrating student-centered teaching in STEP-WISE. Box plots of the percentage of
2-minute intervals with each behavior (x-axes) in the STEP-WISE courses (blue, N = 20) and the courses coded by Stains et al. (2018) (white,
N =2008) showing each behavior in the COPUS for (A) instructors and (B) students, and in the cluster 6 subsample of Stains et al. (2018) (N =
157) that is most similar to the STEP-WISE data for (C) instructors and (D) students. Horizontal lines are medians, boxes include 50% of the
data, whiskers extend to the farthest observation no farther than 1.5 times the interquartile range from the median. A single interval can
include multiple behaviors, so more than one behavior may be present 100% of the time. *Adjusted p < 0.05; **adjusted p < 0.01; ***adjust-
ed p < 0.0001. Labels for the first four variables for instructors and the first four variables for students are in boldface to indicate that they
were used in the cluster analysis by Stains et al. (2018) to identify whether instruction in a class session was classified as didactic lecture,
interactive lecture, or student-centered. Instructor behaviors: 101 Discussion with one or a few individuals, Adm Administration, CQ Clicker
question, D/V demonstration or video, FUp Follow-up/feedback, I_AnQ Answering student questions, I_O Other, I_W Waiting, Lec
Lecturing, PQ Posing question, RtW Real-time writing, MG Moving through the room and guiding student work. Student behaviors:

CG Clicker question groups, Ind Individual work, L Listening, OG Other group activity, Prd Making a prediction, S_AnQ Student answering
question, SQ Student asks question, S_O other, S_W students waiting, SP Student presentation, TQ Test or quiz, WC Whole class discussion,
WG Working in groups. Variables are defined in more detail in Supplementary Table 2.

STEP-WISE postdocs’ teaching practices were more student-cen-
tered than those in the national database.

Student behavior also differed between the STEP-WISE
classes and those studied by Stains et al. (2018). Six of the 13
student behaviors were significantly different between the
STEP-WISE and Stains et al. (2018) data (Figure 2B, asterisks,
and Supplementary Table 5), and another three were absent
from STEP-WISE courses (clicker question groups, CG; other
assigned group, OG; and test or quiz, TQ; Supplementary Table
5). The students in STEP-WISE classes spent significantly more
time working in groups (WG, p < 0.0001) and significantly less
time listening to lecture (L, p < 0.0001) Students in the STEP-
WISE classes also spent significantly more time asking questions
(SQ, p < 0.0001) and presenting their ideas to the class (SP, p <
0.0001). However, there was no significant difference in the
amount of time students worked independently (Ind, p = 0.18).

CBE—Life Sciences Education « 20:ar64, Winter 2021

We also compared a subset of 157 classes in Stains et al.
(2018)—their cluster 6—that were most similar to STEP-WISE
seminars (Figure 2C and D). All of the courses depicted in
Figure 2C and D are classified as student-centered by Stains
et al’s (2018) criteria. Compared with Stains et al. (2018)
cluster 6 classes, more time in STEP-WISE classes is spent with
both instructors posing (PQ, p = 0.0005) and students asking
(SQ, p < 0.0001) questions. This result is apparent from the
fact that four of the instructor behaviors and four student
behaviors differed significantly between the STEP-WISE and
the similarly taught courses in Stains et al. (2018) (Figure 2C
and D, asterisks). The time spent following up on student
ideas also corresponds to more time that instructors spend
following up on student ideas (FUp, p = 0.0003). Other
behaviors trend toward being more active in STEP-WISE
classes, although the results are not significant after applying
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Gaining classroom teaching experience, including the opportunity to design
and implement active learning exercises

Working with a mentor on course design, teaching, and assigning grades

Designing a course, including using Bloom’s taxonomy to identify learning goals
for the whole class and individual class meetings

Debriefing with mentor after class

Discussing and participating in active learning exercises (e.g., jigsaw and gallery
walk) during the Autumn 2018 meetings

Debriefing with co-instructors after class, including the opportunity to receive
and provide feedback

Exposure to and engagement with the literature about scientific teaching
during the Autumn 2018 meetings

Being part of a community of teaching-interested scientists

(=]
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o
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Value to postdocs

FIGURE 3. Mean value (+SD) of different program components as rated on the STEP-WISE exit survey (N = 19/21 responses). Scale is 1-5,

where 5 is most valuable.

the Holm-Bonferroni correction for multiple comparisons
(Holm, 1979). For example, instructors in STEP-WISE classes
tend to lecture less (Lec, p = 0.41), and, correspondingly, stu-
dents in STEP-WISE classes tend to spend more time working
either on their own (Ind, p = 0.663) or in groups (WG, p =
0.61). Students in the STEP-WISE course trend toward spend-
ing less time listening (L, p = 0.61), an activity that is often
considered to be passive rather than active.

Behaviors within STEP-WISE

Some instructor behaviors in STEP-WISE are highly cor-
related with one another and with specific student behaviors
(Supplementary Figure 1 and Supplementary Tables 6 and
7). For example, in 63% of the intervals in which instructors
lectured (Lec), students were answering questions (S_AnQ);
83% of the intervals that had lecture, also included instruc-
tors posing questions (PQ). Thus, the very nature of the lec-
ture was student-centered. Also, students asked questions in
different contexts, including when they worked in small
groups (WG, 68% of intervals in which students asked ques-
tions; Supplementary Table 8), one-on-one conversations
(101, 55% of intervals), and while they were listening to lec-
ture (L, 42% of intervals). Some behaviors that characterized
STEP-WISE lecture included instructors posing questions
(PQ), students listening (L), and students answering ques-
tions aloud to the whole class (S_AnQ). Students completing
group work structured by worksheets (WG) is highly cor-
related to instructors moving and guiding throughout the
class (MG) and one-on-one/small-group discussion (1ol).
Lecture (Lec) and group work (WG) were negatively cor-
related with each other (Supplementary Figure 1 and Supple-
mentary Tables 6 and 7).
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Key Elements of STEP-WISE

Four elements of the STEP-WISE design were found to be partic-
ularly salient for influencing postdocs’ adoption of student-cen-
tered teaching. We present these in the same order that they
appear in the program sequence (Figure 1). Note that the order
in which we present the key elements does not reflect the weight
of their importance. In the Discussion, we consider how these
elements interact and support each other, and it is the synergy
among the elements that leads to the program’s success.

Key Element 1: Autumn Training Sessions. The two Autumn
training sessions are critical to the success of STEP-WISE.
During the first session, postdocs identified a contemporary
topic in the basic biological sciences, as exemplified by the titles
of their courses, which included: “Why Your Microbiome Mat-
ters,” “DNA and Data: What Genetic Testing Can—and Can’t—
Tell Us,” and “Harnessing the Immune System to Fight Disease”
(Supplementary Table 1). In addition, postdocs learned about
backward design (Wiggins and McTighe, 2005). Conversations
about setting course goals led to a discussion about clearly
articulating learning goals that span different orders of cogni-
tion (Anderson and Krathwohl, 2000; Crowe et al., 2008). Post-
docs reported that engaging in course design was one of the
most valuable components of the program (Figure 3).

At the training sessions, postdocs began learning about stu-
dent-centered, active teaching by experiencing it from the stu-
dents’ perspective (Figure 3): STEP-WISE mentors “basically
ran an active classroom in teaching us how to do it. It was really
helpful in how can I engage these students a lot more than I
realized I needed to.”

In addition to learning about course design and specific
teaching practices, these sessions also provide an opportunity
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for postdocs to engage with the primary literature support-
ing different active-learning strategies. For example, post-
docs learned about the jigsaw (Aronson and Bridgeman,
1979; Clarke, 1994) by participating in and reading primary
research about it (Theobald et al., 2017). One postdoc
reflected that:

being able to see how we did ... a jigsaw, discussing some of
the papers and how we actually learned about some of the
active learning techniques or methods by doing them in class
is pretty creative. So, I think those are the things that benefited
me the most ... super useful.

Postdocs also engaged with literature on additional research-
based practices, including ways to support students’ under-
standing of figures and tables (Round and Campbell, 2013). In
their exit survey, participants rated that exposure to active-learn-
ing strategies and educational research were highly valued (4.4
and 3.8 respectively; 5 = most valuable; Figure 3).

Key Element 2: Precourse Meeting with Mentor. Another
key element of STEP-WISE is the structured meeting that the
teaching team had with their faculty mentor approximately 1
month before starting their course. This meeting began to
establish what would become close and valuable relationships
within the team and between the team and mentor (Figure 3).
Typically, the meeting began by discussing drafts of the learn-
ing goals for the course, as well as for the first few sessions of
the seminar. Although the postdocs learned about writing
learning goals at a variety of cognitive levels (Anderson and
Krathwohl, 2000; Crowe et al., 2008), their first drafts were
typically only written at low levels. The mentor worked with
the postdocs to revise some of the learning goals to include
higher-level work. This discussion led to conversations about
how to pare down the content of the course, focusing on depth
of learning over breadth, as well as how to integrate across
each postdoc’s section. Another major component of the meet-
ing was thinking about the final project, especially considering
how to distribute aspects of that project throughout the term.
The session concluded with talking about logistics, such as vis-
iting the classroom ahead of time, building out the course web-
site on the university’s learning management system, practic-
ing saying students’ names, and deciding when and where to
meet before heading to the classroom for the first class session.

This meeting is also where the mentor ensured that the team
had a way to communicate and share files electronically, such as
through Google Drive, Dropbox, and Slack. Given time con-
straints, these means for collaboration were helpful to postdocs,
one of whom reported: “We’ve mostly just discussed things dig-
itally, and it’s worked really well.”

Postdocs indicated that, while this meeting was essential to
the program’s success, it did not always feel sufficient: “that
[meeting with the mentor] was helpful but I still think it was,
like, when we jumped into the first ... class it was like, ‘Oh wow.
We're really in this.”” Some mentors had a second meeting with
their teams before the start of the quarter.

Key Element 3: Implementing Active Learning with Sup-

port. Postdocs indicated that the most valuable feature of
STEP-WISE was the opportunity to gain teaching experience
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(Figure 3). For some postdocs, STEP-WISE offered their first
teaching experience (Table 1). When postdocs were teach-
ing, they used active-learning strategies often and consis-
tently, minimizing the amount of lecture they included and
relying on the strategies emphasized in their Autumn train-
ing: think—pair-share, jigsaw, gallery walk, figure facts, and
unbiased call.

During class sessions, co-instructors sometimes supported
the main teaching postdoc through activities such as writing
prompts on the board, helping organize students into jigsaw
groups, or, most often, circulating while students worked in
small groups. However, co-instructors’ roles varied and
depended on factors such as their comfort level with the con-
tent, clarity of the student task, and interpersonal dynamics
within the teaching group.

All of the teams supported their teaching practice with
in-class worksheets that served multiple purposes. The work-
sheets empowered novice teachers to develop their practice and
structure their teaching. Postdocs used the worksheets to state
learning goals, guide class discussions, structure students’
engagement with the content and each other, and, at times, to
gradually increase the complexity of tasks.

The worksheets also provided postdocs with opportunities
for formative assessment. During in-class small-group activities,
postdocs circulated to gauge students’ understanding, elicit
responses to worksheet prompts, and provide guidance as
needed. Additionally, the worksheets were collected at the end
of class and typically graded for completion. Some teaching
teams also prompted metacognition by including on the work-
sheet prompts for one thing students learned and one question
they still had about the material.

STEP-WISE postdocs routinely engaged students in under-
taking authentic scientific practices. Students read and ana-
lyzed figures from scientific papers from the primary literature,
often using techniques such as the gallery walk and the jigsaw
to make sense of what they were studying. Final projects
required students to analyze and interpret data, design an
experiment, and/or write a proposal for a new research project.
The projects were engaging and communicated complex scien-
tific ideas through media such as scientific posters, informa-
tional flyers, and podcasts.

Postdocs varied in their success at implementing
active-learning strategies. In addition to the success described
above, common oversights included not checking in with
small groups while circulating; omitting the last component
of a gallery walk in which students summarize, synthesize,
and share the responses upon returning to their first station;
being unorganized about sorting and resorting students into
groups for their jigsaw; not being truly random when stu-
dents were called; and missing the opportunity to build on
students’ responses after they share; or not repeating stu-
dents’ responses to the rest of the class to ensure that every-
one could hear.

Key Element 4: Debriefs. The after-class debriefs served as
the primary site of learning, the main feature of STEP-WISE,
and an element that postdocs found to be “detailed and
incredibly valuable” (Figure 3): the “debriefs with our
mentor were critically important. This is where most of our
learning happened.” Debriefs structured self-reflection, team
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reflection, and suggestions for improvement from the men-
tor. Both positive and negative aspects of teaching were
discussed.

Postdocs reported that they used mentors’ feedback directly
in their subsequent practice: “I knew the top three things that
I needed to work on. I prioritized that as I was planning my
next class.” The debriefs also served as a space for collective
learning: “The reason that I didn’t make some of the same mis-
takes that were made before was because I recognized it com-
ing up with another person and so I knew how to improve.”
Collegiality within the teaching teams may have helped foster
this collective learning:

[I was] working with a team where we all talked in a very nice
and friendly and constructive way about the things that
worked and didn’t work, I think it helped me improve, like, be
critical, realize the things that needed more work on. But, in a
really nice, positive, encouraging way and also kind of learn-
ing from what [the other postdocs] needed [to] work on as
well. Thinking how we could help each other learn, I think
that was a process that was also very insightful.

Across all three mentors, debrief sessions roughly followed
the same structure. The mentors often did not have expertise in
the content of the course and focused instead on pedagogy.
They began with open-ended reflection from the main instruc-
tor of the class session. The mentor then elicited reflection from
the co-instructors, the depth and complexity of which varied
among teams. Finally, the mentor built on the postdocs’ reflec-
tion to provide feedback and advice, sometimes praising
instruction or comparing challenges to examples from his or her
own teaching:

[The mentor] drew examples from her own teaching experi-
ence and preparing for teaching multiple times. Doing so ...
shows her expertise, but in a way that highlights how she has
learned how to teach, given that most of her examples are
when something went awry or that she learned over the years
(like stripping down her slides over multiple times teaching
same course). (E.R.K. memo of February 3, 2019)

Mentors built on postdocs’ reflection, praising the postdocs
and providing critical feedback about the positive and negative
pedagogical aspects of class, such as timing, logistics and imple-
mentation of active-learning strategies; the volume level while
speaking to the class or repeating student questions; whether
instructors engaged with students while circulating among
small groups; how the worksheet and multimedia resources
worked; and how postdocs supported students through primary
literature.

Debriefs often concluded with the team discussing their plan
for the next class session, ways to coordinate grading across
instructors, and strategies for scaffolding students’ work toward
the final project.

DISCUSSION

Our results indicate that STEP-WISE postdocs quickly adopted
scientific teaching despite a lack of prior teaching experience. By
their second class session, all postdocs in the 2018-2019 STEP-
WISE cohort used student-centered instruction in the first hour
of the 2-hour class session, as defined by the COPUS (Smith
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et al., 2013). These successes can be tied to the intentional, key
elements of STEP-WISE (Table 2) that impacted and informed
participants’ experiences and that we identified using the guid-
ing framework of design-based research (Cobb et al., 2003;
Design-Based Research Collective, 2003). Although the Results
section presented each key element as a separate component in
the design of the apprenticeship, in actuality, the key elements
interact with each other to make the program successful.

These findings can inform the design of other programs that
provide mentored teaching experiences for scientists. Collec-
tively, these results suggest that high-impact teaching can be
learned early in a career with minimal training through an insti-
tutionally sustainable program. In the STEP-WISE model, the
time cost is distributed among mentors more than postdocs, so
the postdocs can teach with minimal interruption to their
research. The financial cost of the mentoring is folded into a
standard science department’s curriculum.

STEP-WISE Teaching Is Student-Centered and Inclusive
The teaching methods that STEP-WISE postdocs used corre-
sponded to students’ engagement in active and inclusive ways
of learning. A plethora of evidence demonstrates that classes
that prioritize lecture as a mode of learning are far less effective
than ones that are student-centered (Deslauriers et al., 2011;
Freeman et al.,, 2014) and that student-centered approaches
elevate all students’ mastery of content while decreasing dispar-
ity among demographic groups (Eddy and Hogan, 2014; Harris
et al., 2020; Theobald et al., 2020). Consequently, a number of
studies are documenting ways in which instructors use class
time (Deslauriers et al., 2011; Eddy and Hogan, 2014; Stains
et al., 2018). Strategies that promote inclusive learning include
working independently (Figure 2A, Ind), for example, students
writing their own ideas and thus engaging with the material by
thinking through questions posed before discussion with peers
or the whole class (WC, Tanner, 2013). Students can also talk
through ideas in small groups (Figure 2B, working in groups,
WG; student question, SQ) and among the whole class (Figure
2B, whole-class discussion, WC; student question, SQ; Smith
et al., 2013; Eddy et al., 2015; Hora, 2015; Durham et al.,
2018). These student practices are orchestrated by instructor
behaviors, such as moving through the classroom and guiding
discussion (Figure 2A, instructor poses a question, PQ; instruc-
tor and student(s) are engaged in a one-on-one or one-on-few
discussion, 1ol; instructor is moving and guiding, MG). This
type of immediate feedback for students promotes learning
(Figure 2A, activity follow-up, FUp; instructor answering a
question, AnQ; instructor and student(s) are engaged in a one-
on-one or one-on-few discussion, 101; Smith et al., 2013; Eddy
et al., 2015; Durham et al., 2018).

The interplay among instructor and student behaviors is
captured in the correlation matrix (Supplementary Figure 1 and
Supplementary Tables 6 and 7). Correlations between instruc-
tor behaviors and student behaviors offer some insight into
when lecture occurs in a STEP-WISE class. Lecture, when struc-
tured appropriately, can be part of a suite of student-centered,
effective teaching strategies (Hora, 2015). For example, high
correlation exists between when STEP-WISE instructors lecture
and when students answer questions (S_Anq). This pattern sug-
gests that the instructors’ lectures are interactive and are to
some degree student directed.
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A Sustainable, Beneficial, and Adoptable Program for
Early-Career Researchers

We suggest that STEP-WISE is a readily adoptable model for
institutions to train postdoctoral scholars in evidence-based
instruction of the sort promoted by scientific teaching (Handels-
man et al., 2004, 2006; Couch et al., 2015). Its sustainability is
part of what makes it powerful. STEP-WISE is a model that is
financially stable, because the costs of the program are incorpo-
rated into the university’s standard curriculum. The training
and intensive mentoring are accounted for, because the men-
tors are instructors of record, and from the university’s perspec-
tive, the postdocs are guest lecturers.

While STEP-WISE relies on postdocs volunteering their time,
the program is sustainable in terms of workload for postdocs in
full-time research positions. It is structured to be offered in con-
junction with a standard research load. The two 2-hour Autumn
training sessions are held in the evenings, and the mentor ses-
sion is scheduled at a time when the teaching team can meet.
Teaching is done either in the morning or the afternoon, so
postdocs devote at most half of a day to teaching. The planning
and design of the course is shared by the entire team of three,
although each postdoc is primarily responsible for teaching in
only three class sessions, which minimizes the time they spend
preparing for class. Moreover, the program does not charge any
registration, tuition, or travel, all of which are common in train-
ing programs.

Postdoctoral trainees are exploring their career options
(National Academy of Sciences, 2014; Gibbs et al., 2014), and
many are deciding whether to pursue careers that are primarily
research, primarily teaching, or a combination (Sauermann and
Roach, 2012). STEP-WISE functions as a way for postdocs to
determine whether they enjoy teaching and to explore how
teaching impacts other aspects of their professional interests.
Training in pedagogy supports teaching expertise, as well as
increasing trainees’ ability to conduct (Feldon et al., 2011) and
communicate (Shortlidge and Eddy, 2018) research. Addition-
ally, postdocs who have no or little previous teaching experi-
ence are able to begin building a portfolio of their teaching
using artifacts they developed and employed during their STEP-
WISE course that they can use in job applications.

Other cost-effective programs exist that support postdocs
who want to learn to teach with evidence-based and inclusive
practices. For example, the Postdoc Academy offered through
the Center for the Integration of Research, Teaching and Learn-
ing (CIRTL Network, 2020a) has massive open online courses
(MOOQCs) that promote the professional development of post-
docs. Accompanying the courses are guides for facilitating
small-group, live discussions about the content. Other MOOCs
are available under topics such as evidence-based (CIRTL
Network, 2020b) and inclusive teaching (EdX, 2021). A chal-
lenge with MOOCs, however, is their very low completion rate
(Pursel et al., 2016), combined with the lack of the key ele-
ments around personal feedback that we have identified as crit-
ical to the success of STEP-WISE.

The existence of programs similar to STEP-WISE suggests
that this model might be straightforward to replicate. For exam-
ple, the University of Oregon Science Literacy Program also
applied scientific teaching (Handelsman et al., 2004, 2006;
Couch et al., 2015) to support the professional development of
graduate teaching assistants and undergraduate learning assis-
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tants (Vandegrift et al., 2020). Major similarities to STEP-WISE
are the emphasis on mentoring by experienced faculty paired
with learning to teach by teaching. That program was sup-
ported by an external grant and so may be harder than STEP-
WISE to sustain. As another example, Emory University has the
On Recent Discoveries by Emory Researchers program, which,
like STEP-WISE, encourages teams of postdoctoral scholars to
participate in training and then collaborate to design a course
that shares teaching responsibilities (Sales et al., 2007; Hue
etal., 2010), although a detailed overview and evaluation have,
to our knowledge, not yet been published (Sales et al., 2007;
Hue et al., 2010).

Interactions among the Key Elements

All of the key design elements (Table 2) of STEP-WISE interact,
and the postdocs’ excellent teaching (Figure 2) results from the
synergy among these four program components. The debriefs
within the instructional team—key element 4—succeed because
of the momentum built in key elements 1-3. The debriefs rely
on the foundational work from the Autumn training (key ele-
ment 1), the first meeting with the mentor that establishes a
precedent for constructive feedback aligned to the Autumn
trainings (key element 2), and the real-time implementation
and support in the classroom from the co-instructors and the
mentor (key element 3).

We asked how STEP-WISE was effective at supporting nov-
ice science instructors’ use of evidence-based and inclusive ped-
agogies. We found that the jigsaw is one of the effective and
powerful inclusive practices (Theobald et al., 2017) introduced
in the Autumn training (key element 1) and referenced when
mentors met with their teams to prepare for class (key element
2). Postdocs found this technique especially helpful for teaching
the primary literature and when implemented with the aid of a
worksheet that presented the structure of the activity (key ele-
ment 3). Teaching teams discussed how to improve the imple-
mentation of the jigsaw and the kinds of questions asked in the
worksheet during the debriefs (key element 4).

STEP-WISE training (Ma et al., 2021) emphasized think-
pair—share (Tanner, 2013; Cooper et al., 2021), gallery walk
(Francek, 2006), unbiased call (Waugh and Andrews, 2020),
and quick writes (Tanner, 2013), and the instructors used all of
these strategies (key element 1). STEP-WISE postdocs are still at
the beginning of their teaching careers by the end of the appren-
ticeship—after all, some have only taught three class meetings in
their entire careers. This finding, combined with general knowl-
edge that it is challenging for any instructor to adopt a new tech-
nique with fidelity (Offerdahl et al., 2018), makes it understand-
able that postdocs’ implementation of these techniques could
improve. In subsequent iterations of STEP-WISE, we are actively
addressing these areas in our debriefs (key element 4).

We explored how the design of STEP-WISE promotes the
postdocs’ use of evidence-based and inclusive pedagogies. The
support that postdocs received while they are implementing
active learning (key element 3) appears critical to the success of
the apprenticeship. We attribute this result to two major factors.
First, the mentor engages the postdocs in a cycle of assessment
and feedback (key element 4), an element that Vandegrift et al.
(2020) also report as incredibly helpful when early-career sci-
entists learn teaching (graduate students and undergraduates,
in their case). This process requires deep reflection based on
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what students have demonstrated about their learning (Hen-
derson et al., 2011). In STEP-WISE, the postdocs are using the
data they collect from in-class activities to determine what stu-
dents learned in each class session (Handelsman et al., 2006),
then they reflect on those data with their mentor during the
debriefs and strategize on ways to improve instruction (key ele-
ment 4). Reflection at this magnitude often works best in com-
munity (Henderson et al., 2011), such as the STEP-WISE teach-
ing teams (key elements 2-4). Thus, the second factor that
emerges from this design is a tight community of collaborators,
both within the teaching team (key elements 2—4) and across
the broader cohort (key element 1). Finally, the third major fac-
tor leading to the success of STEP-WISE is the fact that training
is sustained over time, throughout the length of the apprentice-
ship. The learning community begins with the Autumn training
sessions (key element 1) and extends through the teaching
quarter (key elements 2—4).

Limitations and Future Work

This evaluation of the teaching methods that STEP-WISE post-
docs apply relies on the use of the COPUS (Smith et al., 2013),
an instrument that, perhaps because of its popularity, has been
subject to criticism (Lund et al., 2015; Hora, 2015; McConnell
et al., 2021). Critics of the instrument find that it is too coarse
(Hora, 2015), despite the fact that it documents 25 behaviors
(Lund et al., 2015), and that it does not distinguish among
forms of assessment that instructors use (McConnell et al.,
2021). For simplicity’s sake the COPUS assumes that the behav-
iors exhibited are implemented as intended, for example, that
the group work students take part in is appropriately structured
(Theobald et al., 2017; Wilson et al., 2018). We tested this
assumption qualitatively with observations (Emerson et al.,
2011). Our qualitative data confirmed that group work was
structured to increase inclusion. The COPUS also does not
assess the cognitive level at which students are working, with
the possible exception of coding when students make a predic-
tion. Our qualitative analysis of the questions that instructors
posed, as presented on worksheets the postdocs designed for
students to complete, included analysis and interpretation of
figures and aspects of experimental design, all of which repre-
sent high orders of cognition (Anderson and Krathwohl, 2000;
Crowe et al., 2008).

In addition to the limitations of the COPUS, our analysis is
limited by the use of Stains et al.’s (2018) data as a control.
This control group was appropriate for us to establish that
STEP-WISE postdocs use active learning that is at least on par
with the student-centered instructors in that data set. How-
ever, future analyses could compare the performance of STEP-
WISE postdocs with that of instructors who have received
other kinds of professional development, including graduates
of the FIRST IV (Ebert-May et al., 2015; Derting et al., 2016;
Emery et al., 2020) and IRACDA programs (Rybarczyk et al.,
2016; Eisen and Eaton, 2017; (National Institute of General
Medical Sciences, 2021).

Seminar courses such as those that STEP-WISE postdocs
teach are free from what has been called the “tyranny of con-
tent” (Petersen et al., 2020), which can limit the adoption of
evidence-based and inclusive teaching practices in other
courses. The postdocs have the freedom to limit the content
they are teaching to dive deeply into data analyses and elicit the
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critical-thinking skills necessary to understand and build from a
single research paper. This approach contrasts with teaching
core courses, such as introductory courses in biology, chemistry,
and physics, in which breadth tends to be prioritized over
depth. Evidence-based teaching techniques can take more time
than traditional lecture, although that trade-off is justified by
the fact that students retain more knowledge and develop more
cognitive skills (AAAS, 2011). Moreover, evidence-based teach-
ing strategies continue to improve along with ways to ensure
that the necessary content is covered (AAAS, 2011; Petersen
et al., 2020).

The short training in STEP-WISE is both a benefit and a
drawback. We have presented evidence that this approach is
effective at supporting postdocs who use a few, targeted strate-
gies for active and inclusive teaching. Other strategies, such as
those detailed by Tanner (2013), however, are not addressed. In
fact, in earlier iterations of STEP-WISE, we found anecdotally
that introducing too many teaching strategies in the trainings
could overwhelm the postdocs. This approach means that cur-
riculum-based strategies, such as classroom-based undergradu-
ate research experiences (Bangera and Brownell, 2014;
CUREnet, 2021) and perhaps even case studies (Bonney, 2015)
are outside the scope of the program.

Currently, STEP-WISE has a related program for graduate
students called STEP-UP (Science Teaching Experience Program
for Upcoming PhDs, 2021b) that is being evaluated. As we will
discuss in the future, the program differs in structure from STEP-
WISE, because the needs of and opportunities for postdocs and
graduate students differ. Preliminary data support the conclu-
sion that STEP-UP is also successful at supporting trainees in
adopting scientific teaching early in their academic careers,
though possibly for different reasons (Klein et al., 2019).

STEP-WISE courses differ from typical university classes, in
that student enrollment is capped at 24—and it is the small
class sizes that probably explain why STEP-WISE instructors did
not use clicker questions (Figure 2, CQ). For those postdocs
who become professors who teach, many of their courses may
be much larger. Nonetheless, the evidence-based strategies that
the postdocs have learned can be applied to large classes
(Deslauriers et al., 2011; Eddy and Hogan, 2014), although it
may take additional practice to apply them in these contexts.
Future studies can explore how graduates of STEP-WISE use the
strategies they learned in teaching large classes.

While our results indicate that STEP-WISE is successful over
the short term, more data are necessary to determine how this
model of teacher development works over the long term. The
FIRST IV model led to sustained, high-quality teaching (Emery
et al., 2020), but comparable data do not exist for STEP-WISE
postdocs. An exciting direction of future research would be to
assess whether STEP-WISE graduates also maintain this teach-
ing excellence. Furthermore, while we have recorded the
instructors enacting inclusive and evidence-based teaching
practices, we do not have corresponding data about student
learning or about how students feel and behave about their
learning.

CONCLUSION

STEP-WISE is a sustainable and efficient form of professional
development for postdoctoral scholars. During the two quarters
of training, postdocs adopt inclusive and evidence-based
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teaching methods in their classes, while they each lead instruc-
tion in three class sessions. Moreover, postdocs do this teaching
while maintaining 100% research positions, and they do not
need to travel to participate. This apprenticeship is time-effi-
cient for postdocs, and as a trade-off, the mentors do more
work than in other models of professional development. From
the perspective of a university and/or school of medicine, the
training is sustainable, because mentors are compensated for
their time by being the instructors of record for the seminar
courses. Moreover, international postdocs can participate,
because this sustainable model does not rely on federal fund-
ing. As such, STEP-WISE is an easily replicable model for other
institutions committed to improving both postdoctoral and
undergraduate education, transforming the field for the future.
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