-
RESEARCH ano TEACHING

78

STEM Faculty Institute

An Intensive Interdisciplinary Effort to Improve STEM Faculty
Adoption of Evidence-Based Instructional Practices

By Richard E. West, Jamie L. Jensen, Michael Johnson, Jennifer Nielson, Rebecca Sansom, and Geoffrey Wright

As change agents at our university,
we sought to facilitate a transition
within our STEM college toward
more extensive use of evidence-
based instructional practices
(EBIPs) that promote student-cen-
tered learning. We sought a multi-
faceted approach for this challenge,
with the goal of achieving lasting
change among the faculty, resulting
in the creation of the STEM Faculty
Institute (STEMFI). Supported by
multiyear funding from the National
Science Foundation, STEMFI pro-
vides instruction on EBIPs through
a summer workshop, along with
yearlong support in redesigning
curriculum through one-to-one men-
toring of each faculty participant.
The first cohort of STEMFI partici-
pants has been successful, with most
faculty showing significant shifts
toward more student-centered prac-
tices in their teaching. Feedback on
the post-workshop survey indicated
participants considered the material
helpful and engaging, encouraging
a shift in their attitudes toward sup-
porting EBIPs in their own class-
rooms. This article describes factors
critical to the STEMFI approach
and reports on the initial effective-
ness observed.
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n 2012, the President’s Coun-
cil of Advisors on Science and
Technology reported that the
United States would need 1 mil-
lion additional STEM graduates
within the next decade, an increase
of 34% annually. Although some
progress is evident for increasing the
overall number of STEM graduates,
too many students do not complete
STEM programs they have begun—
particularly students from minority
and diverse backgrounds. The Na-
tional Research Council (2012) also
reported that the research “clearly
shows that research-based instruc-
tional strategies are more effective
than traditional lecture in improving
conceptual knowledge and attitudes
about learning” (p. 3). These strate-
gies are often referred to as student-
centered learning; however, we use
the term evidence-based instruction-
al practices (EBIPs) to emphasize
the strong foundation in research
demonstrating their effectiveness.
Despite frequent calls for more in-
tegration of EBIPs into the classrooms
of higher education, the barriers for
change are high. Borrego and Hen-
derson (2014) reviewed 191 articles
on instructional change, published
between 1995 and 2008, and reported
their conclusion of four categories
of strategies for creating effective
instructional change: (a) diffusion
(increasing awareness of quality strat-
egies), (b) implementation (putting
the theories into practice), (c) teacher

reflection, and (d) policy change at
all levels of an academic institution
to encourage new teaching. At our
university, we focused on these four
strategies to create a multifaceted ap-
proach to the challenge, which would
be durable and lasting. This effort led
to the creation of STEMFI: the STEM
Faculty Institute.

Components and scheduling

Supported by multiyear funding
from the National Science Founda-
tion, STEMFI provides diffusion
of EBIP strategies by conducting a
summer workshop, implementing
these strategies through the revision
of faculty courses, enabling teacher
reflection supported by focused one-
to-one mentoring through the year of
change, and supporting environmen-
tal change through administrative
support and policies. In this article,
we describe critical factors to the
STEMFI approach, then report on
the initial effectiveness we have ob-
served with the first cohort.

Administrative leadership
support

Lasting instructional change requires
initial “buy-in” from university pro-
fessors and administrators. Initial
support for STEMFI was achieved
by conducting two focus group inter-
views with approximately 30 faculty
and administrators who provided
feedback on the proposed design and
implementation. The feedback was



used to further refine the curriculum
materials and research protocols.
STEMFI was designed primarily
for the faculty of the colleges of life
science, engineering and technology,
and physical and mathematical sci-
ences. The STEMFI team furnished
the modified STEMFI documents to
each of the college deans and depart-
ment heads whose units would be
involved, as well as the university’s
central administration for approval.
The ensuing letters of support helped
assure faculty that STEMFI was
encouraged at all levels of the institu-
tion, along with providing documen-
tation of the value of STEMFI that
faculty could include in their tenure
and promotion process. The deans
helped disseminate STEMFI by hav-

ing each of their department heads
send personal notifications encourag-
ing their faculty to enroll.

Administrative support and leader-
ship for STEMFI have been critical
to its success. In both STEMFI co-
horts to date, there have been more
applicants than spaces available. As
faculty have been concerned about
ways pedagogical change might af-
fect their ability to meet promotion
and tenure requirements, this support
from all levels of the institution has
been valuable.

Focused faculty mentoring

Mentoring has been vital to the suc-
cess of the STEMFI program. Strong
mentoring relationships are essential
for faculty to successfully overcome

personal and social barriers to stu-
dent-centered teaching and imple-
ment lasting change. Researchers at
the Summer Institute for Undergrad-
uate Education in Biology (spon-
sored by the National Academies,
Howard Hughes Medical Institute,
and the University of Wisconsin-
Madison) concluded from their proj-
ect that feedback from mentors was
necessary for supporting change
(Ebert-May et al., 2011; Pfund et al.,
2009).

Each STEMFI workshop partici-
pant has been assigned a mentor from
the same discipline who assists the
participant for one academic year with
designing and implementing active
learning strategies in the participant’s
course. The mentors in the first cohort

TABLE 1

Workshop schedule outline for the first cohort.

Day 1 Day 2 Day 3 Day 4 Day 5
theme: brain- theme: constructed | theme: social theme: project theme: course
based learning learning learning learning redesign
STEMFI orientation | Reading summary Reading summary Reading Reading summary
summary
Morning Strategies: Strategies: 5E Strategies: social Strategies: PICRAT,
working memory learning cycle, assessment, Strategies: case- backward design,
models, make-it- dialoguing strategies, | POGIL? team- based learning, teaching self-
stick strategies, writing to learn based learning design thinking, assessment
decision-based CUREs®
learning
Technology Technology tips: Technology tip: Technology tips: Meeting with peer
tips: polling constructing engaging socially simulations, mentor
Afternoon technologies, resources, classroom online Google apps for
spaced quizzing backchannels teams, problem-
via video Time allowed for based learning
Time allowed for designing
Time allowed for designing Time allowed for
designing designing
Product One new activity One new activity One new activity One new activity | Group debrief and
wrap-up

Notes. 2POGIL = Process Oriented Guided Inquiry Learning (Simonson, 2019). "CUREs = Course-based undergraduate research
experiences (Auchincloss et al., 2014). PICRAT = a revision of the replace-amplify-transform educational technology model
(Kimmons, 2018).
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were members of the STEMFI team,
along with four senior faculty identi-
fied as master teachers. All mentors
have gone through an intensive 1-day
training prior to the initial workshop
through Brigham Young University’s
Center for Teaching and Learning.

During the last half of the work-
shop, mentors are paired with par-
ticipants to assist with redesigning
their courses and learning activities.
Mentors continue their support after
the workshop by providing one-on-
one attention, attending the mentee’s
class when an activity is piloted, and
meeting with their mentee after the
class to review the implementation,
including celebrating what went
well and strategizing about how to
improve.

In addition, mentors have helped
their mentee prepare a presentation
for one of the monthly cohort meet-
ings to share a new activity they have
implemented. The cohort meetings
enable participants to reconnect and
peer mentor each other. The general
cohort meeting structure is a modi-
fied consultancy and tuning protocol
(Allen & Blythe, 2004), in which the
presenter shares concerns and shows
a short clip of the EBIP executed in
class. The cohort discusses the issues
and the presenter concludes with a
response to the feedback and final
comments.

The selection, training, and role
of the mentors during the second
year have been improved using
feedback from the first cohort. We
reimagined the role of the mentor and
changed the name to peer-teaching
partner (PTP). We nominated ex-
ceptional faculty graduates from
the first STEMFI cohort to be PTPs
for the second cohort, training them
during a breakout session during the
second summer workshop. These
mentors participated in a panel for
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the new cohort, ate Iunch together,
and worked with their participants
to develop activities. An important
component was for the PTPs to attend
the culminating workshop activity in
which the participants taught a newly
created activity to the group. These
changes have created more space and
time for the participants and the PTPs
to build relationships, and both groups
have been invested to work together
throughout the year.

Course redesign and summer
workshop

The summer workshop was intended
to address personal factors relevant
to pedagogical change, which often
begins with redesigning a course.
The workshop has promoted learn-
er-centered beliefs by engaging the
participants as learners (Loucks-
Horsley et al., 2003) and has fostered
positive attitudes about EBIPs by
sharing a deep understanding of the
theoretical underpinnings of student-
centered teaching (Prather & Bris-
senden, 2008). It has also improved
self-efficacy by providing opportu-
nities during the workshop and the
mentored implementation phase for
faculty to experiment, receive feed-
back, and modify their instruction.
To address pedagogical dissatisfac-
tion that “results when one recogniz-
es the mismatch between the stated
teaching beliefs, goals, instructional
practices, and student learning out-
comes” (Gess-Newsome et al., 2003,
p. 762), the workshops have provid-
ed training for faculty in articulating
student learning goals and sharing
their personal classroom observation
data, as well as time to reflect on the
ways their actions might not match
their beliefs and goals.

The workshop was also designed
to enable participants to learn zow to
transform their teaching with EBIPs.

Instruction has included introducing
Bloom’s taxonomy (Anderson &
Krathwohl, 2001) and the scientific
teaching worksheet (Handelsman et
al., 2007) to help participants write
better learning outcomes to align their
classroom activities with their goals
for student learning. A broad range
of EBIPs have been incorporated to
help faculty design more effective
and engaging instruction for their
courses: think-pair-share (Allen &
Tanner, 2002); paired verbal fluency
(Llewellyn, 2013); peer instruction
(Crouch & Mazur, 2001); the SE
learning cycle (Bybee, 1993); “I do,
we do, you do” (Bowgren & Sever,
2010); spaced retrieval and inter-
leaved practice (Hopkins et al., 2016;
Rohreretal., 2015); jigsaw (Doymus,
2008); one-minute papers (Nilson,
2010); and decision-based learning
(Sansom et al., 2019).

The STEMFI summer workshops
have consisted of 5 days of teaching,
practicing, and developing a course.
Table 1 provides a brief outline of the
schedule used for the first cohort. In
the workshop, the participants have
explored evidence supporting student-
centered teaching with readings and
discussions each day. Every concept
or activity has been taught and mod-
eled using EBIPs, followed by partici-
pant reflection, so participants have
experienced EBIPs while learning the
workshop content. Each morning has
begun with an EBIP strategy requiring
participants to work in small groups
to summarize the readings from the
night before (e.g., four-sentence sum-
maries, jigsaw).

The final day of the workshop ex-
plored assessment strategies, teaching
the participants about backward de-
sign in education research (Jensen et
al., 2017) for assessing their teaching
scientifically. Formative assessment
strategies such as using classroom



Interview questions used to generate faculty profiles.

Background and beliefs about teaching (< 15 minutes)

1. Tell me a little bit about your teaching background. (probe for how long have you been teaching, in what settings/roles, time
at BYU, what types of courses, etc.)

2. Tell me about a powerful, positive, or effective STEM learning experience that you've had as a student. (probe for what the
teacher was doing, what you were doing, what made it such a good experience)

3. Asan educator, what do you think your role should be? (probe for what your responsibility is in the learning process)

What do you think the student’s role as the learner should be? (probe for what the student’s responsibility is in the learning
process, specifically what they should do in class and out of class)

5. Can you describe a time when you felt successful as a teacher? (probe for what you did and what your students did)
What do you think student-centered teaching is, or how would you describe student-centered teaching to a colleague? How
is it different from traditional instruction? (probe for when you have used it in the past, what you have heard about it, what

you think it's good for, when it is appropriate to use) Help the participants understand student-centered teaching as focusing
on the learning that happens, not the teaching that happens.

Current teaching practices (< 15 minutes)

7. Please describe a typical day in your classroom. (probe for what you are doing and what the students are doing, for how
much time/what proportion of class for both)
a.  What types of content do you normally teach via lecture? Via student-centered methods?

8. What do you see as some of your strengths as an educator?

9. What do you see as some of your challenges as an educator?

10. Tell me about a time you decided to try something new in your class.

Probe for motivations: WHY did you want to change?

b. Probe for strategies: WHAT were you trying to change?

c.  Probe for social context: WHO did you talk to about the change?

d. Probe for barriers: WHAT made the change difficult?

w

Ecological Model of STEM Faculty Instructional Decision-Making (< 15 minutes)

11. What barriers keep you from using more student-centered approaches? What do you think would enable you to use more
student-centered approaches?

Personal factors

12. What changes do you hope to make in your future teaching? (Probe for student-centered teaching: Is that part of the
participant’s goals?)
a. There are pros and cons to any teaching strategy. What do you think are the pros of (your chosen strategy)? The cons?
b. What do you think might make this change difficult?

13. How confident are you in your abilities to use student-centered strategies?

Social factors

14. Tell me about the teaching culture in your department. What expectations are there around teaching? (probe for
expectations of colleagues, students, the department or college leadership, and disciplinary societies)

Environmental factors

15. Are there any factors outside your control that you think influence your ability to use student-centered strategies in the
classroom?

STEMFI

16. What are you most excited about or what do you hope to gain from your STEMF| experience?

17. What are you most worried about when you think about your participation in STEMFI?

18. How else can we help you have a successful STEMFI experience? How can we prepare the workshop to be most effective?
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response systems (e.g., ABCD cards,
clickers; Bruff, 2009), writing exam
questions (Tarrant & Ware, 2008), and
implementing exit tickets (Dixson &
Worrell, 2016) were demonstrated
and emphasized as crucial for learning
how to gauge student understanding
during a unit and modify instruction
accordingly.

Summative assessment strategies
to help faculty measure student learn-
ing at the end of a unit were briefly
addressed, including peer social as-
sessment (Panadero & Jonsson, 2013),
calibrated peer review (Robinson,
2001), and assessment blueprints
(Fowell et al., 1999)—strategies that
help faculty visualize the distribution
of learning outcomes and levels of
thinking (Bloom’s taxonomy) across
an assessment. The three-dimensional

learning assessment protocol can be
used for both formative and summative
assessments to ensure that items ad-
dress core ideas in addition to science
and engineering practices and cross-
cutting concepts (Laverty et al., 2016).

We improved the workshop struc-
ture and scope during the second year.
We began the 5-day workshop on a
Wednesday so that a weekend sepa-
rated the first 3 days from the last 2. We
reduced the number of activities and
EBIPs demonstrated and incorporated
opportunities for participants to dem-
onstrate their teaching each day of the
workshop, culminating in a realistic
teaching experience on the last day.
This restructuring allowed participants
more time to process their own learn-
ing and manage the intense experi-
ence. Combined with the changes we

Participant impressions of the STEMFI workshop taken from a survey
administered at the end of the workshop.

| foundl most of the strategans
presentad 1o be relevant to tha
coune that | teach

i

Maeting sessions weng tasght
wiing student-contaned
approaches

| b & good ssnse of what
many of thess teaching
techniques fook like in the
classrooeT

| gained a broad poerspective of
taaching technigues through the
diversity of topics preseried

Thar cwerall quality of the
workshop exceeded that of other
professional development
wirkihops | have atténded

B et wt dsgee [ [ rp—

[P T

Hiteeeeeee

iii*iiiiiiiﬁ%i
haaiadddadiay,

[ T B Svoraly spes

B St nm

Note. These survey items were administered on a 7-point Likert scale. The categories
disagree and strongly disagree were not selected and were left out of the figure for

simplicity.
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made in mentoring, our design-based
research cycle is helping us iteratively
improve the STEMFI experience for
faculty.

Data-driven instruction and
practice

Part of the STEMFTI approach to sup-
porting change among faculty has
been helping them better understand
their teaching practices and beliefs
and recognize through design-based
research how the STEMFI inter-
vention has affected these practices
and beliefs. To provide participants
with formative feedback and gather
summative information about the
program’s success, we utilized the
Classroom  Observation  Protocol
for Undergraduate STEM (COPUS;
Smith et al., 2013). This protocol in-
volves trained observers recording be-
haviors according to a detailed rubric
every 2 minutes throughout the class
period, giving a code for both student
and instructor behaviors. Results of
the COPUS instrument give the in-
structor (and the observer) a quanti-
tative picture of time spent in three
main categories: presenting/receiving
(a more teacher-centered approach),
guiding/having students work (a more
student-centered approach), and other
(e.g., administrating, waiting, and
conducting non-course-related activi-
ties).

We observed faculty participants
three or four times before they par-
ticipated in the summer workshop,
where we gathered baseline data on
their typical teaching approaches. We
showed these data to participants on
Day 5 of the workshop to help them
reflect on their teaching behaviors and
recognize areas for improvement. We
measured participants four additional
times during the semester of reform,
uploading successive data to COPUS-
profiles.org (Stains et al., 2018) and



analyzing for changes in over-
all teaching behavior. These
data were provided to faculty
participants and included in
a letter of support for rank
advancement, as well as used
to validate the effectiveness of
the STEMFI program.

To ensure that the work-
shop was responsive to par-
ticipant needs, in addition to
considering the COPUS data,
we interviewed every faculty
member prior to the work-
shop to discuss factors that
influenced their instructional
decisions (see Figure 1 for
interview questions). Broadly,
these included personal fac-
tors (e.g., attitudes, beliefs,
self-efficacy), social factors
(e.g., pressure from students,
colleagues, administration),
and environmental factors
(e.g., time, resources, student
characteristics). Based on
the responses, we created a
participant profile for each
faculty member that included
a 2-page summary of the indi-
vidual’s personal, social, and
environmental factors. The
purpose of this profile was to
create a single narrative for
each faculty member about
their challenges, beliefs, and
goals. For example, some par-
ticipants might have positive
attitudes about EBIPs but fear
low student ratings that would
influence their tenure or pro-
motion. We also analyzed the
interviews to suggest which
types of interventions would
be most useful or helpful to
the interviewees, and we in-
cluded this information in the
profile so the faculty mem-
bers’ mentors or PTPs could

Participant-reported shifts in attitudes about motivation, confidence, and sup-
port in response to the STEMFI workshop.

How BMOTIATED do ORI faal to incoiporate student-centered stratagies inlo your tead h ng mathods?

~ PRI ITeitee
= - Pheeeeeeeeeeee

Haowe COMNFIDENT dia you feel to incorporate student-centerad steateges into your class oom?

- @%@@%@@@%@@iii
frrereeeeeeeee

Hoe SUPFORTED BY OTHERS do you feel ncorporating studsent cenitened strategies into your teaching methods?

= $PRPiERIIIIeeS
TrErieteteeeee

How confident doyouw feal that you could SUPPORT A COLLEAGUE in your departmant
1o mcorparate student-centered strategics into their teaching mathods?

=~ $PRPRiiTRIIeee
= - 1RErree et

STEMA i
B rictatad W sy B Mocarstely [ vers [ Dotremaly

POST.
STEMF

Note. Participants were asked to reflect on their attitudes before and following the STEMFI
workshop with regard to motivation, confidence, and support.
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FIGURE 4

Participant-reported shifts in attitudes about their knowledge, skill,
available resources, and beliefs in response to the STEMFI workshop.

N FitiraiiiibaeE

Henar wsnilel o vt e bl 68 SKILL with stuckant-ze wiratesres of STEM taaching?
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How affective do you BELIEVE student-centered strategies are in promoting student learning?

= PEPRETITiTibe
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Note. Participants were asked to reflect on their attitudes before and following the
STEMFI workshop with regard to (a) knowledge and (b) skill regarding student-
centered practices, (c) available resources, and (d) beliefs about the effectiveness of
student-centered teaching. Responses to (a) and (b) were on a 5-point Likert scale;
responses to (c) were on 7-point Likert scale, but no respondents chose disagree or
strongly disagree; responses to (d) were on a 5-point Likert scale, but no respondents
chose not at all effective.
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understand more accurately how to
support their growth. Each participant
was furnished with a profile copy
and asked to read it and modify it if
needed for accuracy.

The primary purpose of these pro-
files, as explained, was to assist us in
preparing the workshop to meet par-
ticipants’ needs and to assist mentors
in understanding how to support the
faculty members. In addition, we did
closing interviews with each faculty
member and asked questions simi-
lar to those from the pre-workshop
interview. Comparing these closing
interviews to the initial interviews
and profiles helped us see patterns in
faculty growth through the course of
the STEMFI intervention.

Findings on STEMFI success
Results of workshop surveys

Participants completed a survey at
the end of the weeklong workshop
to provide affective data about their
impressions and changes in beliefs,
attitudes, and confidence. Figure 2
shows responses to a selected set
of questions concerning the overall
quality of the workshop. In the sec-
ond part of the survey, participants
reflected on their attitudinal chang-
es. To guide them in doing this,
we asked them to compare their
impressions prior to the STEMFI
workshop with their impressions
after having completed it. As these
responses were collected simultane-
ously, reports of prior attitudes may
be influenced by current attitudes;
however, we consider this adequate
for allowing participants to express
the change they felt they experi-
enced. Figure 3 shows participants’
reported shifts in motivation, con-
fidence, and support, and Figure
4 shows their shifts in knowledge
and skill regarding student-cen-
tered practices, resources available,



and beliefs about the effectiveness
of student-centered teaching. As
shown in Figures 3 and 4, on aver-
age, participants expressed positive
shifts in each of these factors, lead-
ing us to conclude that the work-
shop was successful in accomplish-
ing its goals.

Findings from COPUS profiles

Copusprofiles.org performs a latent
profile analysis grouping COPUS
observations into clusters defining a
particular way of teaching (Stains et
al., 2018). For the first STEMFI co-
hort, the seven resulting clusters were
grouped into three broad teaching
styles: (a) didactic teaching, defined
by 80% or more lecture; (b) interac-
tive lecture, defined as mostly lecture
but including student-centered strat-
egies such as clicker questions or
group work added to the lecture pe-
riod; and (c) student-centered teach-
ing, defined as incorporating signifi-
cant student-centered strategies into
large portions of the class. From this
cohort, the 14 participants’ pretreat-
ment and posttreatment observations
were analyzed, clustered, and com-
pared to assess change. Eight partici-
pants made significant shifts toward
student-centered teaching, with two
moving from solely lecture to inter-
active lecture, three moving from
solely lecture to student-centered
teaching, and three moving from in-
teractive lecture to student-centered
teaching (see Figure 5). Four par-
ticipants were already implementing
significant student-centered practic-
es; they continued student-centered
teaching after STEMFI. Two partici-
pants were difficult to profile, having
primarily didactic profiles with oc-
casional student-centered practice—
both moving to a mix of didactic
practice and interactive lecture. Thus,
findings indicated that 86% of partic-

ipants remained in or moved to more
student-centered teaching profiles.

Conclusions

In this article, we have discussed
the need for and initial design of
STEMFI—an initiative to support
faculty in significant change to-
ward more evidence-based instruc-
tional practices. We explained the
key elements of STEMFI, includ-
ing administrative support, faculty
mentoring, a weeklong summer
workshop, and data-driven reflec-
tion and practice.

Our initial findings after the first
cohort were that STEMFI has been
successful. Most faculty experienced
significant shifts in their teaching
toward more student-centered prac-

tices. Feedback on the survey after
the workshop indicated participants
felt the material was helpful and en-
gaging, encouraging a shift in their
attitudes toward supporting EBIPs in
their classes.

We are actively developing the
intervention through several enhance-
ments. First, we are developing a
STEMFI workshop to enhance ad-
ministrators’ understanding of EBIPs,
including how EBIPs can be effective
within each college and how admin-
istrators can support their faculty in
adopting these practices. We also plan
to develop a self-sustaining interdisci-
plinary faculty community of practice
that can continue processes of peer
mentoring, support, and feedback
as faculty continue evolving in their

COPUS change profiles.

Student-Centered

a. e s.
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EBIP implementation. In addition,
we are transforming the role of the
peer-teaching partners (i.e., mentors)
to support their progression in this
crucial role. Finally, we plan to col-
lect resources along with models of
effective EBIPs that can be showcased
and disseminated throughout the
university community via a website
and thus shared with the larger STEM
community.
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