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Chapter 1: Introduction

The pursuit of scientific understanding, applying engineering solutions, and
technological innovations drove global economies’ growth over the past century.
Advances in transportation, communication, health, and agriculture are the result of
purposeful investments in the education of the next generation of scientists and
engineers (National Academy of Sciences and Engineering, 2007; Donovan, Moreno
Mateos, Osborne, & Bisaccio, 2014; Hanushek, Ruhouse, & Woessmann, 2016;
Langdon, Mckittrick, Beede, Khan, & Doms, 2011; Organization for Economic
Cooperation and Development, 2018). The products of innovations in science,
engineering, and health are evident in the vast infrastructure of electric power,
transportation, sanitation, and an entirely new form of communication through
technological advancements such as the internet. New technologies in the health,
nuclear, and computer sectors have resulted from an educated workforce in science,
technology, engineering, and mathematics, otherwise known as STEM.

The STEM workforce is more educated, highly paid, and is growing faster
relative to non-STEM occupations (National Academy of Sciences and Engineering,
2007). The demand generally exceeds the supply of qualified workers. Nine out of ten
STEM workers completed high school, and most have an advanced degree. Those
with graduate degrees earn $4.50 more per hour than those in non-STEM fields, and
STEM jobs are projected to grow 8% faster than non-STEM jobs. Although, as it
stood in 2012, the U.S. produced approximately 300,000 STEM graduates per year, far

below the expected need of 1,000,000 STEM workers by 2025 (Holdren & Lander,



2012). Compounding the shortage of STEM workers is the state of math and science
education in the U.S. compared to other nations. The United States ranks tenth among
industrial countries in college completion rates for STEM majors putting a strain on
the U.S. economy (Organization for Economic Cooperation and Development, 2018).
The disparity in gender, race, and ethnicity in STEM employment extends the shortage
of workers, according to the United States Department of Commerce (Langdon et al.,
2011). Non-Latino white males hold seven out of 10 STEM positions in the US.
Black, Native American, and Latin@ (any race) workers are half as likely to hold
STEM positions than the overall predominately white workforce.

Efforts to improve math and science education and increase college-level
students’ completion rates could benefit the economy (Hanushek, 2019). For example,
suppose the achievement gap between the United States and Canada were cut in half.
In that case, some estimate the result could be enough economic growth to pay for the
looming Medicare and Social Security costs that are predicted to cripple the U.S.
economy in the next two decades (Hanushek, 2019).

STEM Students in Higher Education

Students entering higher education institutions are more interested in majoring
in science, technology, and engineering than they were in 1980 (Eagan, Lozano,
Hurtado, Figueroa & Case, 2013). Of the 1.8 million bachelor’s degrees earned in
2016, 18% were in STEM fields (National Center for Education Statistics, 2017). Yet
STEM majors remain predominately male. Although women earn a higher percentage

of bachelor’s degrees than their male counterparts (58% vs. 42%), women receive a



significantly lower rate of STEM-related degrees (36% vs. 64%). Latino and Black
students are also underrepresented in STEM majors in higher education by three to six
percentage points than their white counterparts (NCES, 2017). Currently, more than
half of all first-time students intend to major in STEM, yet just over 40% complete a
STEM degree within six years. Filling the workforce STEM gap is challenging due to
the low international ranking of students in STEM education. It is compounded by the
fact that STEM majors change their major at a higher percentage than their
undergraduate counterparts, particularly in engineering and mathematics (National
Center for Education Statistics, 2017). The National Center for Education Statistics
(NCES) conducted a nationwide longitudinal study of 25,000 undergraduates who
declared their major in associate’s and bachelor’s degree programs. Over 35% of
students who initially majored in STEM changed their majors, compared to 29% of
non-STEM majors. Engineering and engineering technology students left the major
slightly above the average at 32%, but over half (52%) of students who majored in
mathematics left to study in another field within three years (National Center for
Educational Statistics, 2017).

Furthermore, data from a study of 18,000 students in Ohio suggests Black
students are more likely to abandon their declared STEM major even though they are
entering colleges and universities at higher rates than their white counterparts (Riegle-
Crumb & King, 2010). Examining the factors that may contribute to the loss of
students in the STEM field, particularly students of color, could increase retention

rates. Research-based best practices in education could make STEM courses more



accessible to marginalized groups of students and increase the number of graduates
overall (Chen, 2014; Olson & Labov, 2012).
Engaging Students in STEM

One way to retain and increase the number of students in STEM majors is to
improve teaching practices that engage students effectively (Freeman et al., 2014;
Holdren & Lander, 2012; Wieman, 2014). The adoption of evidence-based
instructional strategies (EBIS) improves academic achievement and engagement
through collaboration, student-centered problem solving, and relevant curriculum
(Felder, Felder, & Dietz, 1998; Froyd, Borrego, Cutler, Henderson, & Prince, 2013;
Henderson, Beach, & Finkelstein, 2011). EBIS are active learning strategies that
demonstrate improved student learning through empirical research and student
retention (Borrego, Cutler, Prince, Henderson, & Froyd, 2013; Froyd et al., 2013;
Henderson, Dancy, & Niewiadomska-Bugaj, 2012; Terenzini, Cabrera, Colbeck,
Parente, & Bjorklund, 2001). EBIS increase student interaction, such as peer
instruction, collaborative learning, service-learning and put students in the center of
instruction as the main actors in the class. Table 1 presents some of the most common

evidence-based instructional strategies.



Table 1

Summary of Evidence-Based Instructional Strategies

EBIS

Description

Active learning

Case-based
teaching

Collaborative
learning

Cooperative
learning
Gallery Walk
Inquiry learning

Jigsaw

Peer instruction

Problem-based

learning

Service-learning

Think-pair-share

A general term to describe what all students do in class other than
watching, listening, and taking notes

Students analyze authentic case studies of historical or applicable
situations that involve solving problems and making decisions

Students work together in small groups toward a common goal

A structured form of group work where students work towards a
common goal while being assessed individually

A flexible discussion technique that allows for formal evaluation of
oral presentations, written exercises, and group interaction

Students are presented with questions, problems, or a set of
observations at the beginning of a lesson to drive the learning

Students learn a segment of content in groups and teach it to their
peers

Students use a classroom response system such as “clickers” to
answer questions posed by the instructor. Students form pairs,
discuss their answers, and then vote again

Instructor acts primarily as a facilitator and places students in self-
directed teams to solve open-ended problems that require significant
learning of new course material

Intentional integration of community service experiences into
academic courses to enhance the learning of the core content and
give students broader learning opportunities about themselves and
society at large

Instructor poses problems or questions and ask students to work
individually for a short time, then ask students to pair up and
discuss their responses

Note. Sources: Borrego et al., 2013; Felder, 2009; Froyd et al., 2013; Henderson et al., 2012; Lee, 2004;
Lundberg & Yadov, 2006; Mazur, 1997; Owens et al., 2019; Prince et al., 2013; Prince,2004; Woods,
2012



Increasing student interaction to improve cognition is based on sociocultural
learning theory, which suggests knowledge is a social construct whereby learning
occurs through interactions with other people, objects, and events in a collaborative
environment (Vygotsky, 1978). Individual and collective understanding is mediated
through dialogue and collaboration and can increase academic achievement in the
classroom. However, traditional lecture remains the predominant method of
instruction in most STEM courses at the college level (Freeman et al., 2014;
Henderson, Beach, & Finkelstein, 2011; Henderson, Dancy & Niewiadomska-Bugaj,
2012;). Traditional lecture involves a one-way mode of communication of information
from the instructor to the students. Examining how faculty change their teaching
practice and using EBIS could shed light on how and why best practices are not
evident. Faculty are often aware of evidence-based instructional strategies, and many
receive training, yet few implement them consistently in their classrooms (Henderson
et al., 2011). Facilitating improving pedagogical practices could increase
implementation of evidence-based instructional strategies.

Change in Faculty Instruction

To understand how and why faculty shift instructional practice and use new
evidence-based instructional strategies, it is important to look at how people change.
Some change research principles emphasize that change takes time, change is
influenced by people’s perceptions, and is a process that people move through in
predictable phases (Ellett, Demir, & Monsaas, 2015; Hord, Rutherford, Huling-Austin,

& Hall, 1987). Successful efforts to change instructional practice involve concentrated



and sustained efforts over at least 12 weeks. These efforts should be focused,
coordinated, and facilitated by a change agent who specifically attends to faculty
beliefs about the innovations in practice (Henderson et al., 2011). Lastly, change is
more effective when the change agent recognizes the stages faculty move through as
they begin to understand and implement the innovation or new instructional strategy.
The change agent can facilitate formal and informal structures for faculty to exchange
ideas and share experiences. These experiences are often referred to as professional
learning or professional development whose aim is to improve instruction in higher
education.

Although 20 years of research on effective evidence-based instructional
strategies pervades the field of higher education, traditional lecture remains the
predominant method of instruction in most undergraduate science, technology,
engineering, and math courses today (Freeman et al., 2014; Henderson et al., 2011,
2012; Macdonald, Manduca, Mogk, & Tewksbury, 2005). The lecture is the most
common content delivery method in STEM undergraduate courses, which relies upon
a one-way transmission of knowledge from faculty to student. Yet, some argue that the
reliance on lectures, particularly in the sciences, meets students’ cognitive needs who
may lack foundational knowledge (Burgan, 2006). Faculty can be resistant to changing
their instructional practice towards a more learner-centered approach due to their
beliefs about teaching and learning, time constraints, research priorities, and content

coverage (Fairweather, 2008; Henderson et al., 2011; Sharkey & Weimer, 2003).



Lecture can be viewed as a more efficient method to deliver large amounts of content
or complicated material by an expert in the field.

One way to begin to change the culture of lecture-based content delivery as the
primary mode of instruction towards more evidence-based instructional strategies that
engage students actively is to provide professional learning opportunities, particularly
to those who have limited experience. According to the American Association of
University Professors (2017), the predominate work requirement is teaching classes
amongst 73% of faculty positions; however, most faculty have little to no pedagogical
training (Bok, 2014; Holdren & Lander, 2012). Faculty development centers on
campus focus on improving instruction across departments. In 2010, faculty
development programs shifted to a more constructivist approach that focuses on
coaching and mentoring rather than professional development to transmit content
(Hutchings et al., 2011; Phuong et al., 2018).

The scholarship of teaching and learning (SOTL) is a research method
designed to influence teaching and learning in higher education (Felten, 2013;
Hutchings et al., 2011). The scholarship of teaching and learning (SOTL) is based on
an inquiry into student learning to advance teaching practice and then make the results
public. SOTL has been in place in schools of education in action research and other
methodologies and has recently spread to other disciplines.

Interdisciplinary Partnerships
Strengthening interdisciplinary relationships across college and university

campuses could be one way to provide professional learning and increase evidence-



based instructional strategies. Schools of education presumably have in-depth
knowledge about evidence-based instructional strategies and focus research projects
that seek to understand the teaching and learning process. Interdisciplinary
partnerships between education and science departments at the university level are
often limited in scope and center around improving pre-service teachers’ practice, not
higher education faculty (Carbone, 2000; Cole et al., 2001; Schneider & Pickett,
20006). Frequently, faculty members who work in both departments come together to
create new teacher-preparation programs or improve existing ones, often to provide
pre-service teachers with in-depth knowledge of scientific principles and practices.
Much less common are collaborative efforts using education departments’ expertise to
improve science faculty’s instructional practices, particularly engineering faculty
members (Schneider & Pickett, 2006; Sechrist et al., 2002). It is presumed that faculty
in schools of education have access to the most current research on teaching and
learning and could provide expertise to colleagues in other disciplines. Yet,
universities lean towards outside consultants or establish faculty development centers
to improve instruction at the university level (Amundsen et al., 2005; Steinert et al.,
2016). A few universities developed science education initatives across the United
States using the concept of embedded experts in various science departments, selecting
and hiring recent doctoral graduates who provide both scientific and pedagogical
expertise directly to their departments (Bonner et al., 2020; Wieman, Perkins, &
Gilbert, 2010). These federally funded programs seek to improve science instructional

practice by changing the departments’ culture towards a more student-centered



10
approach. Besides embedded experts, few universities work directly with education
faculty to improve instruction and there is limited information regarding the use of
their instructional knowledge. Therefore, there is a potential gap in the research on the
use of education faculty expertise in providing professional learning opportunities to
their colleagues. This study could contribute to a better understanding of this area.
Purpose Statement

The purpose of this case study is to understand how faculty members in one
School of Engineering change their teaching practice through professional learning in
partnership with their university’s School of Education.

This professional learning experience was a partnership with the School of
Education that sought to support faculty in creating, implementing, and assessing
curriculum in an undergraduate engineering program. The partnership provided
training and ongoing coaching to faculty members and support through local and
national engineering education networks. First, the School of Education provided
engineering faculty members professional development on evidence-based
instructional strategies. Also, some received ongoing one-on-one support in designing
learning activities, curriculum, and assessments. At the end of each implemented
course, quantitative and qualitative data analysis provided faculty with information
regarding their newly developed curriculum and posted on a national engineering
networking site. Some faculty members sought to publish their findings at national

engineering education conferences and in journals.
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By collecting data from Engineering faculty members who participated in a
professional learning program two years from when it commenced, this study will
examine the following research questions:

RQ1: Why did faculty members choose to participate in a professional learning

partnership?

RQ 2: How, if at all, do faculty members describe changing their teaching due

to participating in a partnership?

RQ2a: If changes in teaching practice occurred, were they sustained over time,

and if so, how or why?

RQ 3: What conditions of the partnership facilitated change in teaching

practice?
Significance

Science, Technology, Engineering, and Mathematics (STEM) substantially
impact the United States economy, yet the higher education system produces fewer
and fewer graduates in this field. Students leave STEM fields at higher rates than non-
STEM majors due to poor performance in the first year of coursework (Chen, 2014).
Evidence-based instructional strategies have been linked to increased student
achievement and retention amongst undergraduate students (Felder et al., 2013; Haak
etal., 2011; Terenzini et al., 2001). This case study seeks to understand the extent to
which STEM faculty members who teach undergraduate students change their practice
and implement new strategies over time after participating in a unique

interdisciplinary partnership.
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Understanding to what extent and why faculty members adjust teaching
methods could support further improvements in STEM education. This study’s
findings could help policymakers, university leaders, faculty members, and students in
higher education understand how faculty beliefs about teaching and learning impact
adopting new instructional practices, particularly in STEM fields. Also, findings could
contribute to a new faculty development model using interdisciplinary partnerships
with Schools of Education to improve teaching and learning. Faculty development
programs could also benefit from understanding barriers to implementing new
strategies into their classrooms (Phuong et al., 2018).

Schools of Education exist on many college campuses to train the next
generation of K-12 teachers to use the most current evidence-based instructional
strategies (Cole, Ryan, Serve, & Tomlin, 2001; Schneider & Pickett, 2006). Schools of
Education are untapped resources on college and university campuses. There is
currently a gap in the research around interdisciplinary partnerships, which this study
is designed to address. Faculty development centers exist on many campuses to
improve instruction and provide professional development, yet most are not connected
to departments whose primary purpose is to develop highly effective teachers
(Amundsen et al., 2005). In addition, university faculty members are highly trained in
their disciplines but usually do not receive pedagogical instruction on how to teach

those disciplines (Wieman, 2014; Winberg et al., 2019).
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Theoretical Framework
Understanding how and why engineering faculty members make changes to

their instructional practice is the basis of this study. Implementing new education
strategies can be situated in the Concerns-Based Adoption Model (CBAM), a widely
used theoretical framework to understand and plan for implementing educational
innovations (Hall, Wallace & Dossett, 1974; Hord et al., 1987). The model focuses on
the people making the changes, not the change itself, and people often avoid changes
because they are risk-averse. Understanding individuals’ change processes may help
realize new initiatives and innovations (Henderson et al., 2011; Tagg, 2012). The
tenets of CBAM include: (a) change is a process, not a product; (b) change takes time;
(c) people are an essential part of the change process; (d) the change process is highly
personal; (e) individual perceptions of change strongly influence the result; (f)
organizations cannot change unless their members change; and (g) individuals advance
through predictable stages in their reaction to the innovation (Ellett et al., 2015; Hord

et al., 1987). The predictable stages of concern are in Table 2.



Table 2
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Stages of Concern and Typical Expressions of Concern About the Innovation

Stage of Concern

Expressions of Concern

Unaware

Awareness

Exploration

Early Trial

Limited Impact

Maximum Benefit

Renewal

I don’t know anything about it (the innovation).

I have heard about the innovation, but I don’t know much
about it.

How much of my time would the use of this innovation
take?

I seem to be spending all my time getting material ready
for students.

I can now see how this innovation relates to other things I
am doing.

I am concerned about relating the effects of this
innovation with what other instructors are doing.

I am trying a variation in my use of the innovation to
result in even more significant effects.

Note: From “The Concerns-Based Adoption Model: A Developmental Conceptualization of
the Adoption Process Within Educational Institutions,” by G. Hall, 1974, February. Paper
presented at the Annual Meeting of American Educational Research Association, Chicago, IL.

CBAM has evolved, and subsequent STEM scholars created a common five-

stage framework to determine how likely higher education faculty use a new

instructional strategy or innovation (Froyd et al., 2013; Henderson et al., 2011, 2012).

1. Awareness: the individual learns about the innovation,

2. Information: the individual looks for more information,

3. Reflection: the individual considers the pros and cons,

4. Adoption or Rejection: the individual tries the innovation (or not) and

analyzes the results, and
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5. Follow-up: the individual decides to continue or discontinue applying the
innovation.

This theoretical framework is the basis for this case-study research study to
compare and generalize findings are related to the theory (Stake, 1995). This study
seeks to understand the change process for participants after the first stage of the
CBAM framework. Due to the limited scope of case-study research design,
generalization to a large population is inappropriate, yet researchers can often compare
particular theories (Stake, 1995). This study seeks to understand how the change
process in Engineering faculty members who work within a specific professional
learning program’s parameters compares to the CBAM theoretical framework.
Summary

A national shortage of science and engineering professionals has led to an
effort to engage and retain students in STEM majors at the university levels. School
reformers ask faculty members to shift their teaching practices towards evidence-
based instructional strategies that involve students in the learning process (Wieman,
2014). Although there are many opportunities to support this shift, this research seeks
to understand how and why engineering faculty change their practice. This case study
will investigate the following research questions:

1. Why did faculty members choose to participate in a professional learning

partnership?

2. How, if at all, do faculty members describe changing their teaching due to

participating in a partnership?
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3. If changes in teaching practice occurred, were they sustained over time,
and if so, how or why?

4. What conditions of the partnership facilitated change teaching practice?

This research study contains a literature review in Chapter 2 that discusses
STEM education research and the impact of professional learning in higher education.
Examining evidence-based instructional strategies and the pursuit of change in science
teaching practices in higher education is also addressed. Chapter 3 describes the
qualitative methodology used in a case study design to examine how Engineering
faculty members change teaching practices in partnership with the School of
Education. Chapter 4 describes the data collected in the case study, and Chapter 5
discusses the results, implications, and suggestions for future research.

Active learning: increase student interaction and collaboration where the

students are actively participating in the teaching.

Embedded Experts: Professionals hired to support faculty members to improve

teaching and learning.

Evidence-based Instructional Strategies (EBIS): instructional strategies that

demonstrate improved student learning through empirical research and student

retention.

Instructor-centered practices: Teaching practices in which the instructor is the

primary actor, including how the information is presented, summative

assessments, and grading policies.

Module: A set of lessons or activities in engineering education.
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Passive learning: The learner’s learning process is receiving information and
not interacting with the content.
Science Technology Engineering and Mathematics (STEM): An educational
term used to describe a broad scientific field
Student-centered practices: Teaching practices in which students are the key
actor in the class, including interactions among students, engagement with

course content, and formative assessment.
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Chapter 2: Literature Review

This literature review seeks to understand how and why higher education
faculty members change their practice over time by examining teaching and learning
in higher education, particularly in the STEM field, best practices for instruction, and
professional learning for faculty. The first section discusses how STEM education
research is organized and the impact of passive versus active learning on student
achievement. The following section reviews Evidence-Based Instructional Strategies
(EBIS) currently in use today. The following section reviews professional learning
opportunities for faculty, including the use of coaching and networks. The Scholarship
of Teaching and Learning (SoTL) is discussed, and finally, the context of change
within teaching and learning is reviewed as an overarching concept for this study.
Figure 1 represents a change model in teaching practice, such as faculty development
and the scholarship of teaching and learning related to evidence-based instructional

strategies and change theory.
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Evidence
Based
Instructional
Strategies

Faculty
Development
and the
Scholarship
of Teaching
and Learning

Figure 1. A Model of Change in Practice
STEM Education Research on Change in Instructional Practice

Higher education researchers who focus on instructional change in STEM
include STEM education researchers, faculty development researchers, and higher
education researchers (Henderson et al., 2011). Each group of researchers may overlap
in their inquiry, yet they are often isolated from one another. STEM education
researchers (SER) are faculty in STEM departments that focus on student learning,
developing curriculum, and disseminating it to their colleagues. Larger research
focused universities are more likely to have SER. Faculty development researchers
(FDR) are usually situated in teaching and learning centers and focus on providing
professional development to an interdepartmental staff to facilitate reflective teaching.
FDR works to increase motivation and often provides a general skills-based approach
to pedagogical practices across university campuses. Higher education researchers

(HER) are situated in university leadership departments and focus their research on
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organizational structures and the impact of policy implementation. All three types of
researchers may or may not exist on university campuses but often do not coordinate
their efforts to improve teaching and learning (Henderson et al., 2011).

Higher education efforts to improve STEM education involve disseminating
information, using an active change agent, and being consistent over time. Henderson
et al. (2011) conducted a meta-analysis of how to change instructional practice in
STEM education within the higher education system. An analysis of 191 journal
articles published between 1995 and 2008 categorized research into four central
interventions to facilitate change: disseminating curriculum and pedagogy, developing
reflective teachers, enacting policy, and developing a shared vision. Successful
interventions that focused on distributing curriculum and pedagogy typically involve a
coordinated, focused, and sustained effort lasting at least one semester. A change
agent facilitated these efforts and included a deliberate focus on changing faculty
conceptions of innovations and provided specific instructional strategies. Another
intervention found to be effective was a focus on the development of reflective
teachers. Efforts that encourage individuals and communities to use their knowledge
and skills to improve instructional strategies were more relevant and applicable to
faculty members. The change agent may provide faculty members with resources and
facilitate formal and informal structures for opportunities to exchange ideas and share
experiences. These structures could be departmental, interdepartmental, or external to

the university.
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Interventions around policy development and implementation to improve
instructional practice focused less on traditional top-down mandates from campus
leadership over time. Single policy solutions no longer proved useful for multiple
departments or disciplines within an institution or among institutions. Policies that
took into account departmental or institutional culture were more likely to be
successful because they aligned with cultural and operational norms at lower system
levels (Henderson et al., 2011).
Pedagogical Approaches in STEM Higher Education

Traditional lecture. Traditional lecture remains the predominant instruction
method in most undergraduate science, technology, engineering, and math courses
today (Freeman et al., 2014; Henderson et al., 2011, 2012; Macdonald et al., 2005;
Wieman, 2014). Many faculty in higher education continue to rely on the traditional
lecture for a variety of reasons that include: the experience of the lecture as a learner,
limited use of teaching methods, incentivization of research and publishing over
teaching in many institutions, fear of negative evaluations, complaints from students,
and resistance to change in practice often due to beliefs about themselves as experts in
their field (Henderson et al., 2011; Henderson, Khan, & Dancy, 2018; Holdren &
Lander, 2012). STEM faculty were taught via lecture in their undergraduate and
graduate courses and not exposed to various teaching methods. Research and
publishing within STEM disciplines are rewarded in the tenure system as well as
monetarily. Teaching is not weighted as heavily as research and publication in the

tenure process. Focusing on new strategies could bring about complaints from students
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or other faculty members who may perceive lectures as a superior method for
discipline-specific expertise.

On the other hand, Reimer et al. (2016) found little evidence to suggest that the
use of teaching practices that focus on interactive learning improves student outcomes
such as grades and retention, as observed in 40 large introductory STEM courses over
the year at a large research university. Additionally, some faculty believe lecturing
maximizes student learning and improves course performance, particularly in
extensive introductory courses where students have made gains in conceptual
understanding and problem-solving (Hake, 1998; Reimer et al., 2016). Burgan (2006)
argues a need to resist a “new p.c. or pedagogical correctness” (p. 31), which has
infiltrated higher education to focus on group work and problem-solving without
regard to student preparation or faculty expertise rather than more traditional methods
of instruction, particularly in the sciences. One caveat suggests that group-based
instructional strategies benefit first-generation college students and positively impact
retention in the STEM series of courses. This impact may be significant since first-
generation students disproportionately drop out of STEM (Chen, 2014; Sevo, 2009;
Sharkey & Weimer, 2003). However, student achievement can be negatively impacted
by relying on the traditional lecture as the primary method to deliver content. There is
a concerted effort in the STEM education field to move away from lecture-based
instructional delivery towards more active learning for students (Bowen, 2000;
Freeman et al., 2014; Haak, HilleRisLambers, Pitre, Freeman, & Shepard, 2011;

Henderson et al., 2018; Wieman, 2014).
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Active learning and student achievement. Active learning is a general term
used to emphasize students’ intentional engagement in the learning process through
discussion and class activities (Freeman et al., 2014). Active learning describes what
all students do in a class beyond watching, listening, and taking notes (Borrego et al.,
2013; Felder, 2009; Prince et al., 2013). The opposite of active learning is passive
learning, such as traditional lecture, whereby students receive information and are
expected to digest, synthesize, and retain that knowledge.

Faculty members can employ active learning strategies in introductory STEM
courses to increase student achievement. Haak et al. (2011) studied the impact on
student performance when pedagogical approaches in large- enrollment introductory
biology courses shifted from traditional lecture to active learning and included more
discussions and group activities. The data suggests increased student performance in
courses designed with highly structured active learning strategies compared to
students in the same courses, which were lecture intensive. Students performed higher
on exams that engaged higher-order cognitive skills such as problem-solving rather
than simple content-related questions in the more traditional course design. These
changes were particularly beneficial for females and students of color.

Several undergraduate STEM education studies found that students perform
better in classrooms and courses that employ more active learning strategies than
passive learning (Freeman et al., 2014; Haak et al., 2011; Hake, 1998; Rutz, Condon,
Iverson, Manduca, & Willett, 2012). In a meta-analysis of 225 studies, Freeman et al.

(2014) found that undergraduate students in traditional, passive listening STEM
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lecture courses were 1.5 times more likely to fail the course than students in similar
classes taught through active learning strategies included group work and class
discussions. The most significant impact on student performance occurred in studies
where a more considerable portion of class time was devoted to active learning
strategies, suggesting that a “more is better” approach could increase student
achievement.

Hake (1998) used pre/posttest survey data across 62 introductory physics
courses of undergraduate students (N = 6542) that measured conceptual understanding
and problem-solving skills in active learning and more traditional lecture courses. The
data suggests that students enrolled in courses that made substantial use of “interactive
engagement” (p. 65) methods such as student discussion and hands-on activities had
gains twice as large as those in traditional courses and a strong positive correlation (7
=0.91) between problem-solving and conceptual understanding data results.

Positive student attitudes towards STEM courses increase with active learning
strategies. Bowen (2000) conducted a meta-analysis of active learning strategies in
introductory college chemistry courses that utilized cooperative learning strategies
where students work in small groups to access content and solve problems. The data
suggest that collaborative learning had a significant and positive effect on student
achievement and positively impacted students’ attitudes towards STEM courses.

Seminal STEM education researcher Wieman (2014) suggests that due to
overwhelming evidence that lecture is considerably less effective, future research

should compare active learning strategies to each other. Lecture teaching as the
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comparison standard to active learning is irrelevant, and continual reform efforts
should focus on active learning, mainly to retain students.

Evidence-based instructional strategies in STEM. Higher education
disciplines, particularly in engineering and physics, use the term Evidence-Based
Instructional Strategies (EBIS) to describe active learning strategies that have been
proven effective at improving student learning through empirical research (Borrego et
al., 2013; Froyd et al., 2013; Henderson et al., 2012). The use of EBIS in
undergraduate STEM courses also contributes positively to effective student
engagement and the retention of STEM students in the field. Table 3 illustrates

common evidence-based instructional strategies.
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Summary of Evidence-Based Instructional Strategies

EBIS

Description

Active learning

Case-based
teaching

Collaborative
learning

Cooperative
learning
Gallery Walk
Inquiry learning

Jigsaw

Peer instruction

Problem-based

learning

Service-learning

Think-pair-share

A general term to describe what all students do in class other than
watching, listening, and taking notes

Students analyze authentic case studies of historical or applicable
situations that involve solving problems and making decisions

Students work together in small groups toward a common goal

A structured form of group work where students work towards a
common goal while being assessed individually

A flexible discussion technique that allows for formal evaluation of
oral presentations, written exercises, and group interaction

Students are presented with questions, problems, or a set of
observations at the beginning of a lesson to drive the learning

Students learn a segment of content in groups and teach it to their
peers

Students use a classroom response system such as “clickers” to
answer questions posed by the instructor. Students form pairs,
discuss their answers, and then vote again

Instructor acts primarily as a facilitator and places students in self-
directed teams to solve open-ended problems that require significant
learning of new course material

Intentional integration of community service experiences into
academic courses to enhance the learning of the core content and
give students broader learning opportunities about themselves and
society at large

Instructor poses problems or questions and ask students to work
individually for a short time, then ask students to pair up and
discuss their responses

Note. Sources: Borrego et al., 2013; Felder, 2009; Froyd et al., 2013; Henderson et al., 2012; Lee, 2004;
Lundberg & Yadov, 2006; Mazur, 1997; Owens et al., 2019; Prince et al., 2013; Prince,2004; Woods,
2012
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Although STEM faculty are often aware of the existence and effectiveness of
evidence-based instructional strategies, they are not always prone to implementing
new strategies or innovations into their practice (Froyd et al., 2013; Henderson et al.,
2012; Prince, Borrego, Henderson, Cutler, & Froyd, 2013). In a study of 99 chemical
Engineering faculty, 80% were aware of all but two EBIS, yet gaps between
awareness and adoption of the strategies ranged between 35-75% (Froyd et al., 2013).
Paradoxically, the strategies that took the least amount of faculty preparation time
outside of class were less likely to be implemented.

Considerable effort is needed to assist faculty members in implementing EBIS,
and they may need support to tailor strategies for their unique situation (Prince et al.,
2013). Understanding the barriers to adoption and implementation could expedite
broader usage and improve STEM undergraduate education. Barriers most commonly
cited by faculty members include lack of class time to cover content, inadequate
preparation time, and departmental support (Henderson et al., 2011).

A national quantitative study surveyed 722 faculty with a 50.3% response rate
who taught introductory physics courses to examine their decisions using evidence-
based instructional strategies (Henderson et al., 2012). The study identified predictor
variables to implement EBIS, including rank, class size, and whether it was a research
or teaching institution. Results suggest that professional development has been
effectively created by disseminating information about EBIS since over 80% of

faculty knew about the strategies. Despite the awareness, one-third of faculty who
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used at least one EBIS discontinued its use after the first attempt, suggesting a need
for more support for faculty who attempt innovations in instructional practice.

Support and feedback during the implementation of new strategies are vital,
yet the data suggests it is often lacking (Henderson et al., 2011, 2012). Support from
professional developers and peers is more effective when they can consistently
provide feedback, engage in ongoing conversations with faculty about class
assignments, content coverage, and discuss core issues related to teaching methods
such as EBIS and traditional lecturing.

Professional Learning

Professional learning is a process in which adults participate in experiences
that deepen knowledge, is ongoing through active engagement in practice, and
mediated by the context within the professional’s field of work (Fullan, 2001; Rhodes,
2000; Webster-Wright, 2009). Webster-Wright (2009) conducted a meta-analysis of
203 empirical research articles across five professions to understand if professional
development literature reflects what is known about effective professional learning.
The data suggest professional development connotes a deficit, passive education
model where the participant is considered lacking skills or knowledge. Professional
learning is considered an active approach by taking into account the learner’s
background and field of expertise.

Professional learning is knowledge that is mediated by context and includes
more than physical locations and social interactions with peers. Each profession has its

discourse, practices, and behavior that identify what is important and what counts as
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knowledge (Rhodes, 2000; Webster-Wright, 2009). There is increased complexity of
practice and demand for proficiency in complex inter-disciplinary Engineering
education situations, particularly in the social sciences (Reich et al., 2015).
Professional learning and development in higher education for engineers shift from
focusing on the deficit of engineers’ knowledge, attitudes, and skills towards the
practice’s characteristics such as interactions, opportunities, and challenges.

Professional development. Professional growth is a continual and inevitable
learning process that needs to be sustained over time, relevant to the participants, and
provide opportunities for collective participation (Clarke & Hollingsworth, 2002;
Garet, Porter, Desimone, Birman, & Yoon, 2001; Smith, Hofer, Gillespie, Solomon, &
Rowe, 2003). The term professional development refers to activities and programs
designed to improve instruction through professional growth. This general term refers
to training, formal education, or advanced professional learning intended to improve
instruction (Amundsen et al., 2005; Showers & Joyce, 1996). In higher education, the
term faculty development is used interchangeably with ‘professional development’ and
is regularly used to describe activities and programs that improve instructional practice
across disciplines. Faculty development centers have been created on many campuses
to house instructional resources for all faculty and staff to improve student outcomes.
Not all university campuses have the resources to maintain faculty development
centers and often hire professional development specialists.

Professional development specialists provide quality training and programs to

improve instructional practice, yet the transfer of new knowledge and skills is low,
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even with participants who volunteer for the training (Showers & Joyce, 1996).
Professional development is a complex process but is often approached based on a
deficit-training-mastery model that views teachers as passive participants who need
changing (Clarke & Hollingsworth, 2002). Most professional development
experiences involve a “one-shot” approach that includes training on specific skills,
new curriculum, or programs that view change as something applied to teachers who
need new knowledge. The deficit-training-mastery belief has shifted programs from
ones that focus on changing teachers to viewing professional development as
opportunities for teachers as complete participants in shaping their professional
growth (Fullan, 2001). This shift towards a professional growth approach for teachers
focuses on the professional agency as lifelong learners who seek greater fulfillment in
the art of teaching rather than fix a defect.

Clarke and Hollingsworth (2002) expounded education focused professional
development models based on four studies. Their data suggests four change domains:
external sources of information; teacher knowledge, beliefs, and attitudes; application
of practice; and outcomes resulting from the change. They created a model to
demonstrate that change resulting from professional development occurs non-linearly

through constant reflection and action (see Figure 2).
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The most common approach described in interviews and surveys was active
learning strategies in general, case-based teaching that focused on real-world issues,
the use of open-ended problem solving, and the implementation of collaborative
learning strategies with students. Faculty descriptions of these strategies often
overlapped. For example, a module might provide real-world exemplars (case-based
teaching) with open-ended problem solving (problem-based learning) and require
students to work in groups (collaborative learning).

Presented below are the top four strategies describe the use of EBIS by faculty
members due to the PLP. Some faculty members did not attribute changes made in
instructional practices due to the collaboration but described benefits to their
instruction as a result by including active learning strategies in their teaching.

Active learning strategies describe a variety of evidence-based instructional
strategies. Faculty members described changes they made due to the PLP
predominately in the use of active learning strategies. The term active learning
strategies encompasses a wide range of evidence-based instructional strategies yet is
also considered an EBIS on its own (Borrego et al., 2013; Felder, 2009; Prince et al.,
2013). As noted above, 84% of participants stated in surveys and interviews that they
used active learning strategies due to participation in the PLP. In describing changes
made to their teaching practice, Survey Respondent 10 noted, “I've increased the
amount of active learning in my classes even more. Traditional lectures are becoming

increasingly rare in my courses. I also am requiring more group work both in and out



85
of the classroom.” Interviewee 2 stated when asked to describe changes made due to
the partnership, “I’m trying to incorporate more active learning.”

Survey Respondent 18 reported instructional changes that include active
learning strategies without using the terminology but have implemented them as a
result of the partnership by stating, “In addition to changing how the material is
presented, I have, in multiple places, changed the emphasis. Students, for example,
now work in teams to build devices to build/demonstrate understanding through
discussion and testing.”

Faculty members reported using a variety of active learning strategies as a
result of participating in the PLP. They described using more interactive activities,
open-ended problems, and real-world connections. There is evidence of the use of
active learning strategies in an analysis of artifacts created due to the partnership.

Artifacts support active learning strategies. Cards were created and posted on
a national network website and demonstrate the partnership’s results in one concise
location. Thirty-two Cards were analyzed for evidence-based instructional strategies to
help validate the survey and interview responses. All 32 Cards implemented by the
participants (100%) contained some reference to at least one active learning strategy
as an integral component of teaching the module. Some of the most common
techniques include requiring students to work in teams and problem-solving mainly in
a real-world context.

Case-based teaching strategies connect teaching and learning to the real

world. Faculty members described using case-based teaching strategies that connect
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learning to the real-world as a predominant outcome from the PLP. Case-based
teaching strategies are evidence-based and include complex real-life scenarios used to
engage students to make authentic and real-world connections. Twelve respondents
(63%) and all six interviewees (100%) described the use of real-world connections and
applications in changes made to instructional practice. Survey Respondent 17
commented, “I felt good about assigning a real-world oriented [Program] project about
a topic related to my course that I don’t usually teach in my course, and I would like to
do this more in the future.”

The case-based approach and its relevant application as an EBIS reported to
resonate with student learning. Interviewee 3 described, “I think students really like
the idea of the things that they're learning being applied to the things that are in the
real world, and particularly things that they care about.” In addition, Interviewee 1
explained:

I’ve always thought that students learn better if they can see how the material

is connected to the real world and that this is not just theoretical things that

we're studying, but this actually can be very useful and impactful.

Case-based strategies use real-world connections with authentic examples to
engage students in the learning process actively. Faculty members produced artifacts
demonstrating this evidence-based instructional strategy as a result of the PLP.

Artifacts support the use of case-based strategies. Cards produced by the
partnership participants were analyzed for evidence-based instructional strategies to

help validate the survey and interview responses. All 32 Cards written and taught by
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the participants (100%) supported using case-based instructional strategies with real-
world connections in their learning objective or referred to real-world applications in
student examples or student outcomes. Table 9 below presents the number of Cards
that contain case-based learning objectives, which include real-world connections.

Table 9

Case-based Learning Objectives Used in Cards Developed as a Result of the Partnership

%
Learning Objective n (%)
Students will identify links between course knowledge and real-world 16 (50)
systems to create value
Students will connect life experience with course content 10 (31)
Students will identify real-world engineering opportunities and
6 (19)

constraints based on the exploration of the field

Note. The total number of Cards determine the percentage (N = 32).

Examples of case-based strategies that used real-world scenarios include
ethical dilemmas around vaccine distribution, accessing clean drinking water, and
preventing catastrophic events such as dam breaches during hurricanes and tornados.
Students applied course content such as engineering formulas, computer
programming, and surveying instruments to help solve problems in a real-world
context.

Increase use of problem-based learning strategies. Problem-based learning
strategies are evidence-based instructional strategies that use open-ended questions to

derive more than one solution. Survey respondents and interviewees reported an
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increase in the use of problem-based learning strategies resulting from participating in
the PLP. The survey included a question about new teaching strategies or changes
made due to the participation in the partnership. Survey Respondent 15 reported, “I
have used more problem-based learning strategies” and Survey Respondent 18 wrote,
“I am much more likely to ask students open-ended questions and to ask for reflection
on applications and implications.” Also, Survey Respondent 4 stated, “I try to use
more open-ended problems in courses where they are applicable.”

Interviewee 3 discussed using problem-based learning as a means to tackle bias
in the curriculum during the interview:
Historically, engineering textbooks have screened for a subset of the
population. When you look at a physics textbook, and every problem is a
rocket or a rifle, you choose a certain subset of the population to be engaged by
those examples. So, I feel pretty strongly about saying I’'m going to make a
conscious decision to choose examples that try to connect with a really broad
subset of my students and making sure that I'm not preferentially engaging
some homogeneous part of the population. Engineering is just a good problem
solving here a lot of different problems to be solved in this world besides
making planes, trains, and automobiles.
As noted previously, there was an overlap of case-based strategies and
problem-based learning strategies. Survey Respondent 12 reported a change in their

teaching practice utilizing both approaches as a result of the partnership, “[Program]
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had encouraged me to broaden the focus of my problems from real-world to more
open-ended and relatable real-world problems.”

Problem-based learning was a strategy described by most participants in the
partnership between the School of Engineering and the School of Education. Artifacts
confirmed this report.

Artifacts support problem-based learning strategies. Cards created from the
implemented modules were analyzed for evidence-based instructional strategies to
validate the survey and interview responses. All 32 posted Cards on the national
website from program participants (100%) referred to problem-based learning or
contained a problem-based learning component in the student handouts or other
materials. Problem-based learning objectives found on the Cards reflect the use of
multiple solutions inherent in this evidence-based instructional strategy. Table 10
below presents the number of Cards that contain case-based learning objectives, which

include problem-based learning.
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Table 10

Problem-based Learning Objectives Used in Cards Developed as a Result of the Partnership

Learning Objective n (%)

Students will expand their ability to explore multiple 11 (34)

solution paths

Students will connect content from multiple sources
8 (25)
to solve a problem

Students will consider a problem from multiple
: : 6 (19)
viewpoints

Note. The total number of Cards determine the percentage (N = 32).

Examples of problem-based learning strategies with multiple solutions include
designing energy-saving electrical devices in homes or analyzing solutions to prevent
low oxygen levels for fish in local rivers. Students often work in groups and present
their findings to learn from each other.

Collaborative learning increased student engagement. Participants in the
partnership reported using collaborative learning, an evidence-based instructional
strategy due to the PLP to increase student engagement. Collaborative learning is a
strategy that increases student interactions, such as working in pairs, small groups, or
teams. The strategy involved discussions and teamwork in learning course content and
engaging all students in the learning process. Interviewee 2 described using

collaborative strategies to engage all students:
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I tried to incorporate more active learning, so instead of having students just
answer questions, have them talk about it first to bring out some of the students
that wouldn’t normally be engaged in that way or would be too afraid to share
their opinions.
Interviewee 6 spoke about how open-ended discussions regarding a module
created on ethics led to new types of collaborative learning for engineering students:
It also opens up the classroom to discussions. There’s not a lot of discussion
about Newton’s Laws. It’s kind of a one-way street. I get up and say them, and
nobody debates them. But now we can talk about, ‘Well, what is the right thing
to do? Who gets to decide whether cost or environmental impact is more
important?’ Just having those types of open-ended discussions in a classroom
setting, in an engineering classroom setting is novel. I mean, that has not been
the norm. Those are really valuable experiences for them.
Artifacts and documents support collaborative learning. Artifacts, such as
Cards posted on the national network and sets of meeting notes between doctoral
students and faculty members as they planned and implemented their modules,
evidenced the use of collaborative learning strategies. Collaborative learning was cited
in 97% of the Cards (N = 32). Often found in the teaching tips and student handouts,
participants referred to collaborative learning as an evidence-based instructional
strategy either through partner work, small groups, or teams. Most collaborative
learning opportunities were paired with problem-based learning. Small groups of

students worked together to solve open-ended problems, present their findings, and
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critique other groups. These problem-based, open-ended problems all contained a real-
world context or connection in every Card examined.

Ten sets of meeting notes and classroom observation documents between
School of Engineering faculty members and School of Education doctoral students
revealed student collaboration activities such as group work, out of class
collaborations, and partner work in class. Cooperative learning strategies were present
in 90%, or 9 out of 10 documents.

Participants in the PLP reported using more collaborative learning strategies as
a result of the professional learning experience. They put students in small teams and
required them to work together on projects both in and out of class.

Faculty members did not change their teaching practice but found some
benefit. While many did, some faculty members reported that their teaching practice
did not change. Three faculty members (16%) responded on the survey that they did
not attribute changes to their teaching practice due to the partnership. Still, they found
some benefits to increase student participation in their classroom. For example, Survey
Respondent 9 noted when asked if they adopted new strategies as part of the
partnership, “No, I was already using these teaching strategies; however, it has
provided me with an opportunity to add more interactive content to my classes.”
Survey Respondent 6 responded, “I don’t think I’ve adopted any new strategies yet. I
have used some tools to facilitate participation, like the concept map activity for

feedback.” Survey Respondent 7 noted:
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Not too much change has resulted from the [Program] experience. However, |

have utilized a project I found on the network for a class I taught, and I use

active learning a bit more, but this originally started with another conference I

went to.

Survey Respondent 10 reprted conflicting descriptions regarding the benefit of
the PLP and it’s impact on instruction. While this responsent described a decrease of
lecture and an increase of active learning strategies in their class as a result of the PLP,
the final question of the survey asked “Is there anything else we need to know about
the [Program]?” Survey Respondent 10 wrote, “I think entrepreneurial learning is,
ironically, too restrictive. I’ve migrated away from doing things exactly as [Program]
would like me to.” Not all faculty members attributed changes to their teaching
practices as a result of the PLP but most decribed changes in their practice. These
descriptions were supported with data from the survey.

Postsecondary instructional practices survey (PIPS) supports participant
responses. Due to the inaccuracies of self-reporting in instructional practices, an effort
to corroborate these findings was built into this case study design, as described in
Chapter 3. The Postsecondary Instructional Practices Survey (PIPS) is a valid self-
reporting tool to confirm related instructional practice changes attributed to
participation in the professional learning partnership. PIPS measures postsecondary
instructional practices based on 24 survey items on a Likert scale from 0 (not at all
descriptive of my teaching) to 5 (very descriptive of my teaching). Table 11 provides

definitions for PIPS factors.



Table 11

Definitions for Each PIPS Factor

Factor

Definition

Instructor-centered

practices

Student-centered

practices

Student-student
interactions
Content delivery
Student-content
engagement

Formative assessment

Summative assessment

Practices in which the instructor is the sole or
primary actor, including how the instructor
presents information, design of summative
assessments, and grading policies

Practices in which the students are the key
actor(s), including interactions among students in
a class, students' active and constructive
engagement with course content, and formative
assessment

Practices that describe interactions among
students in a class

Practices that describe or influence how the
instructor transmits information to the students
Actions in which students manipulate or generate
learning materials or products beyond what was
provided by the instructor attributed to active
learning

Actions to monitor student learning that provide
feedback to the instructor to inform teaching
and/or to students to inform their learning
Actions for formal evaluation of student learning,

including grading policies

Note. Source from Walter et al., (2016) PIPS: A New Survey of Teaching Practices
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All participants in the study completed the PIPS, and scores were calculated by

determining the proportion of possible points for each factor, creating a weighted sum
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of the scaled factors to 100. For instance, participants’ survey’s highest-rated factor
was student-content engagement, which consisted of 5 items that speak to student’s
creation of learning materials or products attributed to active learning. The maximum
possible sum for student content engagement is 20 because each item can be rated as
high as four (very descriptive of my teaching). Weighted sums can be easily compared
when the actual factor score is divided by the possible sum and multiplied by 100.

Student-content engagement was the highest-rated factor from the PIPS’
dissemination, which suggests that faculty members participating in the PLP are using
evidence-based instructional practices as they reported. In particular, two items appear
to corroborate the findings and are similar to the learning objectives found in the
modules: I design activities that connect course content to my students’ lives and
future work, and I structure problems so that students consider multiple approaches to

finding a solution. Figure 1 presents the average scores for each of the PIPS factors.



Mean Scores for PIPS 2 Factor and 5 Factor Models

Student-Centered Practice

Instructor-Centered Practice

Student-Content Engagement

Content Delivery

Student-Student Intercations

Formative Assessment

Summative Assessment

Not at all Minimally Somewhat Mostly
descriptive descriptive descriptive descriptive

I, 55.68
I, - 54.53

I, 61.05
[, - 60.2
I 53.95
I, 53.42
I 50.32

0 25 50
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Figure 4. PIPS 2F and SF scores for respondents (N = 19) from the School of Engineering

The postsecondary instructional practices survey findings suggest that the use
of some evidence-based practices was reported accurately by the survey participants
and responses in the structured interviews. Problem-based learning and active learning
strategies were the highest rated as an overall group. Overall, the group is slightly
more student-centered than instructor-centered in their practices. While it is difficult to
attribute these findings to the PLP due to small sample size, if changes reportedly
occurred, the next research question considers if these changes were sustained over
time.

Research Question 2a: If changes in teaching practice occurred, were they
sustained over time, and if so, how or why?

Two themes emerged from the data collected and analyzed from surveys and

structured interviews to understand if changes in teaching practices were sustained
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over time and, if so, how or why. The first theme suggests that faculty members
continue using the practices and products resulting from the partnership, although the
recent COVID-19 pandemic described below impacted their efforts. The second theme
indicates faculty members continue to implement changes made due to the partnership
because they want to contribute to something greater than themselves. Faculty
members described using new instructional strategies due to the beneficial impact on
student learning and the positive effect to society.

Faculty continued using the practices and products resulting from the
partnership, although the COVID-19 pandemic has a negative impact. Efforts to
change instructional practice need to be concentrated and sustained over time, eight
weeks at a minimum, to be successfully implemented (Desimore & Pak, 2017; Ellet et
al., 2015; Garret et al., 2001; Henderson et al., 2011; Hord et al., 1987). The
partnership between the School of Engineering and the School of Education was
implemented and sustained for two academic years (2018-2020) and faculty members
report they continue to implement instructional changes they made.

Continuation of implementing changes. The majority of faculty members
who attributed changes in their instructional practice due to participating in the
partnership are continuing to apply those changes. Faculty members who were unsure
if they would continue to implement new strategies cited the shift to distance learning
as the reason for their uncertainty. Table 12 represents survey responses to the
question that addresses sustainability over time.

Table 12
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Survey Question 4. If you did adopt a new strategy or change your teaching practice

due to your participation, are you still using it or plan to use it this year?

Responses n (%)
Yes, I am still using it or plan to use it. 10 (71)
No, I am not using it or planning on it. 1 (7)
Maybe in the future. 3(21)

Note. (N = 14) Not every survey respondent answered this question.

Survey and interview respondents stated that they still plan to use many of the
new teaching strategies and the modules they created in the PLP. Interviewee 3 stated,
“I would say the modules that I created were well received, and I continue to do those
in my classes every year.” Survey Respondent 12 wrote in answering if they were
planning on using the modules again, “Yes, I find this approach much more effective.”

As stated previously, the School of Engineering is small, and in most cases,
professors created their modules for use in their specific courses. However, faculty
members developed modules for multiple course sections and continue to be
implemented. As Interviewee 1 explained,

These modules got implemented and were used by lots of students. The

module I did was used in all five sections of the class last year, and the other

module I did was used both fall and spring, and then in the summer as well. |
think we’ve used those modules for two years now, actually. Yeah, they are

being used not just in my class but in other sections that other instructors teach.
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Some faculty members responded that they would partially implement new
strategies and modules due to the unforeseen global pandemic that catapulted all
faculty members to teach online in early 2020. When asked if they would be
implementing new strategies, they learned due to the PLP or teaching their modules
again, Survey Respondent 12 stated, “In some cases, yes. Particularly those that
translate easily to distance learning.”

Overall, faculty members stated they are continuing to use new instructional
strategies and implement modules they created due to the School of Education and the
School of Engineering partnership. Faculty members who stated they were not
continuing or were unsure attributed this decision to the unprecedented global
pandemic that disrupted in-person instruction.

COVID-19 pandemic. In March of 2020, a global pandemic shut down the
education system in the United States. Teaching and learning moved online, also
known as distance learning (Park et al., 2020). Faculty members transformed their
curriculum from in-person instruction to remote teaching in a matter of a few weeks.
The impact of this dramatic change is still being researched and was evidenced in this
case study.

When asked participants in the program if they continue to use new
instructional strategies or plan to teach the modules developed during the partnership,
the impact of the COVID-19 pandemic and distance learning was a factor. The
COVID-19 pandemic negatively impacted changes they made to their teaching

practice, as reported by 68% of the respondents (N =19). Survey Respondent 17 wrote,
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“Not this year but maybe next year, due to COVID-19.” Interviewee 4 described the
impact on the course they teach when they stated, “This is the hardest year that [’'ve
ever had as an educator. A lot of the content I cannot translate online, and I actually
argued to have the course postponed.”

Although the move to distant learning has impacted the continuation and
sustainability of instructional changes, several respondents said they are still planning
on using the strategies and modules after the pandemic is over. Survey Respondent 15
stated, “This year has been tricky due to the move to online. I plan to use it more in the
future.” Survey Respondent 14 also plans to use the module created when they stated,
“The second module will not be used this year due to COVID-19, but when we are
back in person, it will be used.”

Overall, participants in the PLP between the School of Education and the
School of Engineering continue to use the practices they developed and products they
created. Although the COVID-19 and the move to distance learning have dramatically
impacted instruction delivery, most faculty members describe the continuation of
instructional changes they implemented. One of the reasons they continue to carry out
changes in instructional practice in the face of a global pandemic could be the result of
the data that emerged in the second theme suggesting the desire to make a more
considerable impact beyond themselves.

Faculty members continue to implement instructional practice changes
because they want to contribute to something greater than themselves. All of the

faculty members interviewed (n = 6) and 79% of survey respondents (n = 14)
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described efforts to teach their students to think more globally and conveyed the
importance the field of engineering has to impact society for the greater good.
Research Question 3: What conditions of the partnership facilitated change in
teaching practice?

Two major themes emerged from the inductive analysis of data gathered
through surveys and interviews when faculty members described conditions of the
partnership that facilitated changes in their teaching practice. The first theme that
addresses partnership conditions includes the need of faculty members to have a sense
of value to make a change. A second theme arose that facilitated change which
included reflectiveness in teaching and learning, collegial support the program
provided, and pedagogical support which reportedly facilitated instructional changes.

The need for value to make a change. Faculty members described several
conditions within the PLP that facilitated change in their instructional practice if there
was a clear sense of value in making the change. Overall, 74% of the participants were
willing to change their instruction if there was value in modifying their curriculum,
particularly if it took a significant amount of time. Second cycle coding suggested the
concept of “time” was an essential value for faculty members, such as instructional
time, planning time, and time to conduct research. Faculty members were willing to
negotiate valuable time as they made changes to their practice, which led to the first
two conditions: the effectiveness of the change and trade-offs in curricular decisions.

Faculty members described two additional conditions present in the partnership that
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PLP. The School of Education doctoral students met with the faculty members to
discuss learning objectives to facilitate the creation of the assessments prior to the
development of the modules. The research team was responsible for monitoring the
implementation of assessments from creation to dissemination and collection when
completed. Interviewee 1 stated, “Being able to connect with someone at the School of
Education, to talk about, especially the assessment piece, I think was really, helped me
have more confidence in the validity of what [ was doing in the end.”

When asked to provide an example of supports that are necessary to make
changes to instructional practices, Interviewee 4 responded,

The school of ed people helped develop the assessment tools we used to

evaluate the modules. When we were making up questions, we shared those

with people from the school of ed and got feedback on them, so we can learn a

lot about assessing teaching methods and learning.

All 32 Cards posted on the national network included quantitative and
qualitative assessment results for each module. This data led to five published papers
at the American Association of Engineering Education conference in 2020.

Trade-offs in curricular decision making. Faculty members reported time was
a valuable consideration when making curricular decisions, and each decision required
inevitable trade-offs. Trade-offs include time for planning and personal time, active
learning strategies versus the ability to cover content, and the impact on other courses.
Interviewee 4 described the trade-off between planning and personal time when they

stated, “If I’'m going to spend a couple of hours reworking how I present a topic, or
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how students access that topic, that’s a couple of hours that I'm not doing something
else. I need to recharge.”

Faculty members may perceive the use of active learning strategies as time
consuming. Several faculty members described the trade-off between the time it takes
to use an active learning strategy and completing course content. Interviewee 2 shared,

You can either teach a lot of stuff or cover less topics in more depth. Adding

active learning modules, I think, gives much more depth, but it just will take a

lot more time than just lecturing at a student.

Interviewee 1 explained, “To incorporate the big picture things sometimes
feels like you’re going to have to take away some of the technical content, and it’s
hard to make those trade-offs sometimes.”

Some faculty members expressed the trade-off was too great to change their
instructional practice. Survey Respondent 18 contemplated the use of a new strategy
when they asked, “Will the strategy slow down amount of course material that I will
be able to cover?”

And Survey Respondent 16 stated,

The buy-in to the new idea can’t be too high of cost (time and energy). Also, I

am not one to make drastic changes to my teaching methods, as I believe they

work for me at this instant in time.

Trade-offs in course content can also impact other courses. Interviewee 1

expressed a concern,
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What if what you’re doing affects other people’s classes? Sometimes there’s

pressure just to keep doing it the way you’re doing it, right? If your class is a

prerequisite for other classes, it may be difficult to make changes that affect

other people’s classes. Some of the faculty don’t want to make too many
changes because it just takes a lot of time.

Faculty members described trade-offs in curriculum decision making as a
valuable condition when considering implementing a change in instructional practice.
The exchange needed to be of value predominately when it comes to planning time
and executing a modification to instruction within a class.

Accountability to others is a valuable condition. Faculty members described
accountability within the partnership as a condition that facilitated the implementation
of instructional changes. Accountability measures such as transparent systems and
oversight and financial rewards were in place as part of the program’s design.
Accountability to colleagues was also expressed by faculty members as a condition
when considering changing instructional practices.

Accountability was built into the design of the PLP. Each doctoral student was
assigned a set of faculty members to work with directly by scheduling meetings to
support curriculum development, set up observations and provide assessment
assistance. The research team met regularly to discuss the progress of each faculty and
devise needed supports as necessary. Also, faculty were paid a small stipend only after
their module was assessed and posted to the network site, most often with the

assistance of someone from the research team.
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Interviewee 1 described how the condition of accountability facilitated the
implementation of the module by stating, “The fact that they (PLP) held you
accountable for actually implementing the module, I think that made it much more
likely that I would actually do it because I knew I was going to be held accountable.”
Interviewee 5 described how the partnership overall kept them accountable by sharing,

[Doctoral student] did the assessment, helped me review the modules, and gave

me feedback. If nothing else, they kept me on track because I knew that he

would be coming Monday, X, Y, Z, so I couldn’t just be running the labs on
the printer 10 minutes before class.

Faculty members also described being held accountable to their colleagues as a
condition when deciding to make changes to instructional practices. Interviewee 1
stated, “So certainly, if you’re trying to change what you teach in your class, that can
affect follow-up classes, but even if you’re just trying to change how you teach it, it
seems like often it’s going to take more time.” And Interviewee 3 explained, “If your
class is a prerequisite for other classes, it may be difficult to make changes that affect
other people’s classes.”

Overall, faculty members described accountability as a valuable condition
within the partnership to change instructional practice. Accountability was described
as a motivator to stay focused on implementing changes within the partnership and
being aware of changes that colleagues who teach other courses.

Feedback is a valuable condition. Providing feedback to faculty members

from the School of Education as they created and implemented their modules was a
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PLP design element. A pre-meeting and post-meeting were scheduled with the
doctoral students to discuss the module and provide feedback before and after
instruction. Faculty members described value in the feedback they received from the
School of Education as a condition to make changes to instructional practices.

When asked what supports are necessary to change instructional practice,
faculty members cited feedback as an essential element. Interviewee 2 said, “Just
being able to bounce ideas off the school of education, to have somebody there
observing, to observe my class and be able to talk immediately after class about how it
went, that was helpful.”

Interviewee 4 also discussed feedback as helpful when making curricular
decisions.

Being able to bounce some ideas off school of ed folks was helpful when I'm

thinking about a teaching change that doesn’t traditionally fit a specific course.

So, having someone to run some parts of this by it was really helpful because

one of the things that I personally find as an impediment when I think this

would be a good thing to do and I’d like to bring it in is I’m really busy and
what’s if it’s too much and we don’t have time for it.

Faculty members described feedback from their colleagues that added value to
their participation in the program. Survey Respondent 13 stated, “It was a good way to
get feedback from other colleagues and have time to spend on thinking about new

activities to complete in class and learn what other colleagues were doing.”
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Feedback was cited as a condition of the partnership that facilitated a change to
instruction. Faculty members described feedback as useful and helpful, particularly in
an informal and collegial manner. Feedback was also evidenced in artifacts and
documents found in the products created from the partnership.

Artifacts and documents support feedback. The participants described feedback
as a condition that facilitated a change to instructional practice within the PLP. Posted
Cards (N = 32) and observation notes (N = 10) were examined to verify the interviews
and surveys’ data. Faculty members received feedback on their modules or cards
posted on a national website supported by a grant that funded the program. In an
analysis of the 32 Cards published by the participants, 23 unique comments provided
feedback on eight Cards with questions, accolades, and encouragement. Examples
include, “Thanks so much for sharing the course assignment, handout, and an example
of student work! I think we often struggle to find meaningful, hands-on examples for a
mathematically intensive course, but this is a great example of how to do so!” Another
comment expressed, “As a former instructional designer, I love the fact that your
instructions are clear and that you provide relevant examples to your students. Well-
designed activity!”

Six out ten observation notes included references to feedback ascertained by
the doctoral students from Engineering faculty members. One set of pre-observation
notes stated, “Met to discuss a rethink of the module. We discussed options and
decided it would be more worthwhile to share several alternative options of code with

students.” In another document, a doctoral student made a note, “[Faculty member]
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would like to have one of us go through the lab with [him/her] once it is done and get
some feedback.”

Artifacts from the national network and documentation in meeting notes
supported the use of feedback within the PLP described by participants while making
instructional changes.

Reflectiveness and support from others facilitate change. The second theme
that emerged from the data in research question three described conditions of the PLP
that facilitated change include reflectiveness as a teacher and the need for support.
When asked about which conditions facilitated change in instructional practice, faculty
members began to reflect on personal experiences as a teacher and learner. They also
discussed support from others, including departmental approval for taking risks and
interdisciplinary support from the School of Education.

Self-reflection as a teacher and learner. Faculty members described self-
reflection in their teaching practices as one of the conditions in the PLP that facilitated
change. Participants described their own experiences as a learner and how that
impacted them as a teacher.

Interviewee 6 stated,

I need time to be reflective in how I teach (before adopting a new strategy). As

somebody who came through the traditional engineering education

background, ethics has always just been one sterile case study after another,

where you learn about that space shuttle Challenger. It’s really hard to engage,
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but when we’re sitting in the classroom looking at something that they
(students) made it’s pretty interesting.

Interviewee 5 also reflected on their undergraduate experience when asked
about conditions needed to make a change. “I didn’t feel engaged in my own
undergraduate Engineering education. It’s a miracle I’ve ended up in this place
(teaching undergraduate Engineering courses).”

Faculty members reflected on decisions they made as a professional as
Interviewee 3 described,

There’s always this assumption that it’s like ‘Oh well, I'm the professor and I

just make these decisions because I have a Ph.D.” But the idea that you can still

maintain some academic rigor by also allowing students to participate in the
formation of the class that they’re in and giving them the autonomy to have
control that is hugely motivating. That has permeated my classes and more
facets than I ever thought it would.

One faculty member reflected on their decision making as a teacher and
flexibility when asked about conditions of the PLP that facilitated change.

Interview 4 stated,

You’ve got to be okay with failure, right? You can’t have an attitude that my

job is to be the expert and never have a chink shown in my armor. I’ve got to
recognize that something I think is going to take 5 minutes or 10 minutes
might end up taking 30 in the classroom, and then I have to adjust. I think you

have to be able to roll with things; if you’re not willing to accept that the day
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might not go the way, exactly the way that you planned, then you're never
going to able to try this, something new.

Self-reflection as a teacher and learner was reported as a condition of the PLP
that facilitated change to instructional practice by participants.

Collegial support for changing practice. Faculty members described collegial
support as one of the conditions within the PLP that helped to change teaching
practice. Participants reported this condition, particularly in the context of taking risks
when making an instructional shift. Survey Respondent 14 reported, “It was a good
way to get feedback from other colleagues and have time to spend on thinking about
new activities to complete in class and learn what other colleagues were doing.”

Interviewee 4 discussed the importance of their colleagues in a community by
stating,

I think community is the most important piece of it for me. I think early on in

my career, and it was when I was looking at changing from how I was taught,

which is the first thing you do at least in Higher Ed, that’s the first place you
look to be a teacher what you’ve seen. To be able to see how other faculty
these things in their classroom do was critical for me to be able to it because
you can read an article about this is what you can do. You can hear from
someone else that they can recommend you try it but to see what it actually
looks like was critical. How are you as a teacher in the room while you’re
trying to change over the educational process to the students? I think it was

really helpful.
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The national network also provided collegial support as a condition of the PLP
that facilitated change in teaching practice. Faculty members can attend national
conferences and use the national network website to share information with other
engineering educators across the country. Interviewee 6 described the support by
explaining,

They (community) can help get you out of the trap of still using the same

lecture notes you had six years ago. It’s also nice to know there is a group of

people, not just at my institution but nationally that are looking for ways to
make the experience better. I’'m excited about how that leads towards
modifying how we teach.

Collegial support also contributed to facilitating change within the partnership
to try new strategies and take risks otherwise not attempted.

Taking risks to change practice. Participants expressed changes to instructional
practice can involve taking risks and making mistakes. The need for support from
colleagues and departmental leadership, in particular, was a condition of the PLP that
faculty members described to feel safe and take risks. The following excerpts are from
interviews where two faculty members answer the question about the support
necessary to change instructional practice within the PLP and describe the need for
leadership support. Interviewee 4 explained:

Having other faculty and especially administrators who are supportive of

innovative teaching is needed because if they’re not and things go a little bit

sideways, or students don’t like working in groups, they complain. You need
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faculty and administrators who understand that talking to students for an hour
at a time is not an effective way to teach.

Interviewee 3 shared,

It’s always nice to have support from your colleagues or support from

leadership. Sometimes when you make a change, it doesn’t go well, so making

sure that ‘Hey, I’'m going to make these changes. I might screw up on some of
things, but ultimately, I’m going to figure this out.” In that muddy process, |
need somebody to be like, ‘Keep doing that. Don’t stop and revert to the safe
thing.’

Faculty members reported support from colleagues as a condition of the PLP
that facilitated making a change in instructional practice. Faculty members went
further to describe the need for support from departmental leadership when trying
something new.

Pedagogical support as a condition. Researchers in the School of Education
and School of Engineering partnership supported implementing evidence-based
instructional strategies to faculty members participating in the partnership. Support
provided included training, one on one coaching, classroom observations, feedback,
and assessment. Researchers analyzed data derived from the assessments and
facilitated the Cards’ development and posting on the national network website.

Pedagogical support emerged as a condition of the PLP that facilitated changes

in instructional practices. Faculty members referred to pedagogical support in five out
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of the six interviews when asked about supports and barriers to instructional practice
within the PLP.

Interviewee 6 explained,

I think that the piece that was maybe the most impactful was the contributions

of the School of Ed. That is something I hadn’t had before. It’s one of the

things where we all teach, but none of us have studied how to teach. It was
really great to have people in the class, in the workshop, helping us develop
methods for implementation and also to come to classes and listen to us and
give us feedback on that. I think those pieces tend to be overlooked.

Another pedagogical support faculty members described as a condition that
facilitated change was direct classroom support. Interviewee 5 stated, “I love their
presence (School of Education) in the School of Engineering. They were the ones who
gave me three, five, different ideas of how to actually remap my ideas into kind of
deliverables.” And Interviewee 2 stated, “The [PLP] helped me put together the
material, which was really helpful and really helped with the that sort of time barrier.”

Working directly with the doctoral students to provide feedback and discuss
curricular ideas was described as beneficial. Interviewee 4 explained, “I’m the only
one that teaches it, so someone to run some parts of this by with was really helpful.”

Survey respondents described the partnership's training as a condition that
facilitated changes and had a positive impact. Survey respondent 12 wrote, “It’s been

great professional development. Far exceeding any other trainings or education-
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focused conferences.” And Survey Respondent 6 stated, “It’s great training and a very
supportive community!”

Pedagogical support facilitated instructional change as reported by faculty
members participating in the partnership. Training, coaching, and feedback provided
some of the necessary conditions to try new strategies and minimize time barriers
during implementation.

Summary

This chapter discussed findings developed through data analysis of 19 surveys,
six interviews, and 42 artifacts and documents in higher education faculty members’
professional learning experience. Deductive themes and inductive categories emerged
from the data and related research questions to the findings. Explanations of how
faculty members describe changing their teaching practices due to participating in a
unique partnership are also presented. Faculty members expressed a sense of
belonging aiding the potential change, a sense of value when making a change, and the
need for support in the process.

Summary of Research Question 1. Each research question is summarized
through inductive analysis, a qualitative research approach that links research

objectives with the raw data to ascertain overarching themes. Table 13 summarizes the

deductive themes and inductively identified categories of research question one.
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Table 13

Deductive Theme and Inductively Identified Categories for Research Question 1: Why
did faculty members choose to participate in a professional learning partnership?

Deductive theme Inductively identified category Exemplar quotes

Sense of Belonging  Lack of pedagogical training “We’re engineers, so we’re

not trained in education.”

Feelings of isolation “Being a professor is kind of
lonely sometimes because all

your colleagues are just so

busy.”
Collegial support and “I wanted to do something
encouragement with my colleagues.”

Faculty members reported the feeling of belonging in choosing to participate in
a PLP. Faculty members expressed a desire for formal pedagogical training and a
sense of connectedness with their colleagues.

Summary of Research Question 2. Research Question 2 made an effort to
understand how faculty members described any changes made due to the PLP. Table

14 represents a summary of the findings for research question 2.
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Deductive Themes and Inductively Identified Categories for Research Question Two:
How, if at all, do faculty members describe changing their teaching due to participating

in a partnership?

Deductive theme Inductively identified Exemplar quotes
category
Use of EBIS in STEM Active learning “I’ve increased the amount

Case-based real-world

connections

Problem-based learning

Collaborative learning

Benefits but no change

of active learning in my
classes even more.”

“I felt good about assigning
a real-world oriented
project about a topic
related to my course that |
don’t usually teach in my
course, and I would like to
do this more in the future.”

“I have used more
problem-based learning
strategies.”

“More student group
work.”

“I was already using these
teaching strategies;
however, it has provided
me with an opportunity to
add more interactive
content to my classes.”

Faculty members described using evidence-based instructional strategies in

changes made to their teaching practices due to participating in the professional

learning program. Strategies that put groups of students at the center of authentic

learning experiences were most common. While not all faculty changed due to the
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partnership program, they reported applying some active learning into their
instructional practice.

Summary of Research Question 2 A. Research Question 2 A examined if
changes to teaching practices were sustained over time, if so how and why. Table 15
presents an overview of the findings.

Table 15

Deductive Themes and Inductively Identified Categories for Research Question Two A:
If changes in teaching practice occurred, were they sustained over time, and if so, how
or why?

Deductive theme Inductively identified Exemplar quotes
category
Faculty continue the use of  Continuation of “I would say the modules
new practices implementing changes that I created were really

well received, and 1
continue to do those in my
classes every year.”

COVID-19 “Not this year, but maybe
next year, due to COVID-
19.”
Contribute to something Impact student learning “If your goal is impact,
greater than themselves (Program) helps you reach

more students.”

Impact society “I became a teacher to
make better engineers in
service to humanity.”

Faculty members continue to implement changes made due to the partnership,

even though a global pandemic disrupted their teaching practice. While the pandemic
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impacted content delivery, faculty members reported feeling a desire to make a more
considerable contribution to society beyond themselves.

Summary of Research Question 3. Research Question 3 begins to address the
conditions that facilitated instructional practice change within the partnership program

itself. Table 16 presents an overview of the findings.
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Deductive Themes and Inductively Identified Categories for Research Question Three:
What conditions of the partnership facilitated change in teaching practice?

Deductive theme

Inductively identified
category

Exemplar quotes

Sense of Value

Effectiveness of the change

Trade-offs in curricular
decision making

Accountability to others

Feedback is a valuable
condition.

“I need to see formal evidence that it
works.”

“Will the strategy slow down amount
of course material that I will be able
to cover?”

“I would actually do it because I
knew I was going to be held
accountable.”

“To observe my class and be able to
talk immediately after class about
how it went, that was helpful.”

Reflectiveness
and Support

Self-reflection as a teacher
and learner

Collegial support for taking
risks

Pedagogical support

“I need time to be reflective in how I
teach.”

“I didn’t feel engaged in my own
undergraduate engineering
education.”

“Having other faculty and especially
administrators who are supportive of
innovative teaching because if
they’re not and things go a little bit
sideways, or students don’t like
working in groups, they complain.”

“It was really great to have people in
the class, in the workshop, helping us
develop methods for implementation
and also to come to classes and listen
to us and give us feedback on that.”
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Faculty members described valuable conditions facilitated by the PLP to
change instruction, such as understanding the effectiveness of a new strategy, deriving
feedback about it, and feeling accountable to their peers when expending time to
implement something new. Other conditions that facilitated a change to instructional
practices included support from colleagues on teaching and learning and being a
reflective educator.

This case study’s findings are organized by themes and categories and
exemplified with direct quotes from participants. Chapter 5 provides a discussion and

implications of these findings.
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Chapter 5: Discussion

The Science Technology Engineering and Mathematics (STEM) workforce is
in high demand in the United States, yet the higher education system is not graduating
enough students to fill the expected need (Committee on Prospering in the Global
Economy of the 21st Century, 2007; Holdren & Lander, 2012). Significant reform
efforts to increase college-level completion rates have flourished since the Obama
administration’s call to action that included funding and incentives to improve
teaching and learning within the STEM field. University faculty members are highly
trained in their disciplines but most often do not receive pedagogical instruction on
how to teach those disciplines (Wieman, 2014; Winberg et al., 2019). Faculty use of
evidence-based instructional strategies is linked to increased student achievement and
retention in undergraduate students (Felder et al., 2013; Haak et al., 2011; Terenzini et
al., 2001). This case study seeks to understand the extent to which STEM faculty
members who teaches undergraduate students change their practice over time after
participating in a unique interdisciplinary partnership.

This chapter includes a discussion of the overarching problem and noteworthy
findings from each research question and how these findings relate to current research.
Implications for professional practice, limitations of the study, and suggestions for
future research are also presented.

The purpose of this qualitative case study research was to understand how
faculty members in one School of Engineering change their teaching practice through

professional learning in partnership with their university’s School of Education. This
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instrumental case study focused on a single case, bounded by one unusual professional
learning partnership (PLP) in a real-world context (Creswell, 2013; Mills & Gay,
2016; Stake, 1995; Yin, 2018). The PLP sought to improve teaching and learning by
providing faculty members with training and ongoing support from an
interdisciplinary team with pedagogical expertise.

The professional learning partnership (PLP) was a joint effort between the
Schools of Engineering and Education to support and coach Engineering faculty
members in designing, implementing, and assessing curriculum over two years. Data
were collected and analyzed from 6 interviews, 19 surveys, and 32 modules created by
the professional learning program participants (PLP) at one small university in the
Pacific Northwest. Participants in the study were selected based on purposive-criterion
sampling, which was used to access participants’ rich experiences in the professional
learning program (Mills & Gay, 2016; Patton, 2001). All faculty in the Engineering
department received a survey that included seven open-ended questions to gather data
about instructional strategies, perceptions of participation in the PLP, and conditions
needed to change teaching practice. A decision was made to analyze data from faculty
members involved in the program to some extent. Criteria included faculty members
who attended at least one local or national training related to the PLP, developed at
least one module, and posted it on a national network website. Engineering faculty
members selected for in-depth structured interviews also had to complete the survey.
To understand how faculty members changed their teaching practices, if at all, as a

result of the PLP, it was essential to capture various experiences from faculty
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members from those who heavily participated to those who were only slightly
involved in the PLP. Structured interviews were used to gather data on why faculty
members chose to participate, how they described any changes they may have made
due to their participation, and conditions they need as teachers to change their
instructional practice. Patterns and themes surfaced from transcripts of structured
interviews, survey results, and modules corresponding to each research question.

Findings suggested faculty members chose to participate in a professional
learning opportunity because it provided a sense of belonging they may not receive
otherwise in their profession. Faculty members described feelings of isolation as the
lone professor in a specialized field coupled with a lack of pedagogical training and a
desire to improve in the craft of teaching. Encouragement from colleagues and
subsequent support also likely contributed to a greater sense of belonging and
incentive to participate in the PLP.

Participants reported an increase in implementing evidence-based instructional
strategies (EBIS) due to the PLP that engaged students with relevant and applicable
curricula. Strategies that put students at the center of instruction and increased
engagement in the curriculum were implemented most often. Faculty members used
collaborative learning strategies to encourage students to solve problems in a real-
world context. While not all faculty members described changes to their practice due
to the PLP, they still described active learning strategies in their instructional practice.

The use of EBIS by participants of the PLP persisted over time, despite a

global pandemic, partially due to faculty members’ desire to contribute to something
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greater than themselves. The COVID-19 pandemic shuttered the doors of the
education system in early 2020. However, the Engineering faculty members continued
to implement changes they made to their curriculum due to the partnership.
Participants created 32 modules in the span of the PLP, and most are still using them
or plan to use them once in-person learning resumes. One of the reasons faculty
members continued to utilize the modules might be to contribute to something greater
than themselves that impacted their students and society. Teaching students to solve
problems that impact society’s health and welfare may have motivated faculty
members to continue changing their practices and improving student learning.

Lastly, findings suggest that certain conditions were in place that facilitated
faculty members to make changes in their teaching practice. Although time appeared
to be the most significant barrier in making a change, faculty members were more
willing to transform their practice if they saw the value in the change itself. When
faculty members saw the change’s effectiveness and could weigh the trade-offs in
curricular decisions, they would be more likely to continue with the effort.
Accountability systems and opportunities for feedback embedded in the PLP likely
facilitated faculty members’ instructional practice changes. Other conditions of the
partnership that facilitated change included time for reflection, support from
colleagues, senior leadership to take risks, and the school of education’s solid
pedagogical support.

The study filled a gap in the research on using embedded experts, specifically

those with pedagogical expertise, to pursue professional learning in higher education.
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While a limited number of universities utilize embedded experts to provide scientific
and pedagogical support, few, if any, work directly with Schools of Education that
presumably possess cutting-edge research on instructional practices (Bonner et al.,
2020; Wieman, Perkins, & Gilbert, 2010). This case study revealed insights into a
professional learning program that used a partnership between two schools on a
university campus to provide ongoing pedagogical supports to Engineering faculty
members. This final chapter discusses this case study’s findings, connections to the
literature, implications of the findings, and future research ideas. Significant findings
for each research question are discussed individually.
Research Question 1: Choosing to Participate

Research findings from this case study suggested faculty members chose to
participate in a professional learning partnership because of a basic need for a sense of
belonging within their professional practice. Fundamental to fostering a sense of
belonging is identifying with an individual or group, feelings of inclusion, and
acceptance (Baumeister & Leary, 1995; Owens et al., 2018). Participants seemed to
elect to participate in the PLP because they lacked the necessary training in pedagogy,
felt isolated from their peers at a small university, and wanted to be a part of a group
of learners that included their colleagues.

Most faculty members in higher education, particularly in STEM, have little to
no pedagogical training (Bok, 2014; Henderson et al., 2011; Holdren & Lander, 2012;
Wieman, 2014; Winberg et al., 2019). STEM graduate education programs primarily

focus on discipline-specific rather than pedagogical content knowledge (Shulman,
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2005). In this case study, all participants interviewed discussed a lack of instructional
knowledge and a desire to improve teaching practice as primary reasons for
participating. Although faculty members identify as teachers, they may not believe
they have the skills and expertise to provide instruction to their students. Interviewee 4
candidly stated, “We are engineers, so we’re not trained in education.” Much of a
professor’s daily work revolves around instruction, particularly at a small university
that prioritizes teaching. Hence, a professional learning program that offered support
from pedagogical experts was likely appealing. Interviewee 6 also explained, “You’re
surrounded by people who are teaching. None of them have had any formal education
on how to teach.” Participants in this study seemed to describe feelings of a disconnect
between highly educated and trained faculty members in the Engineering field and
their skills and knowledge of instructional strategies that comprise much of the
demands of day-to-day work. Therefore, this may have led 53% of faculty members in
this particular Engineering school to participate in professional learning focusing on
instructional strategies, curriculum design, and assessment.

Feelings of isolation in a small University likely contributed to faculty member
motivation to participate in a program that potentially increased feelings of inclusion
and led to a greater sense of belonging (Baumeister & Leary, 1995; Owens et al.,
2018). Inclusion in a group takes into account a fit between oneself and others. Some
faculty members described wanting to participate because they could find others
interested in changing their practice. As Interviewee 4 explained, “I’m the only one

that teaches this course, and the only other faculty that I could talk about this with is
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not interested in innovative teaching.” Isolation can lead to loneliness, and faculty
members likely chose to participate in order to find community. Interviewee 2 also
spoke of feelings of loneliness as a professor, “I wanted to improve my teaching
because being a professor is kind of lonely sometimes. All your colleagues are just so
busy.”

Collegial support and encouragement from departmental leaders motivated
faculty members to participate in the PLP. When innovations take into account and
develop departmental culture and focus on collegiality, they are more likely to succeed
(Froyd et al., 2013; Henderson et al., 2011). Faculty members wanted to connect with
their colleagues around teaching and learning and likely felt safe taking risks to
change their practice. Interviewee 4 stated, “[University] values teaching, and I
wanted to be a part of it to do something with my colleagues.”

Successful interventions often involve a change agent, a person responsible for
facilitating efforts, and deliberately focusses on beliefs about the latest strategies
(Gelles (2020); Henderson et al., 2011). The design of the PLP included a focal
person, or change agent, in the Engineering department that had trusted relationships
with colleagues and was instrumental in establishing the program from design to
implementation. This change agent encouraged participation, provided support where
needed, and held faculty members accountable in creating the modules and their
presentation to a more extensive network of the Engineering education community.
Interviewee 6 reflected, “[Change agent] certainly was foundational in the forming of

this effort.” Informal networks of faculty members worked together to create modules
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and to support the national network of Engineers. Formal and informal networks, often
facilitated by a change agent, provide a safe and supportive environment to try new
strategies, motivating faculty to participate in the PLP (Hutchings, Huber, & Ciccone,
2011; Kezar, 2014; Kezar et al., 2019). Interviewee 3 explained, “There were some
senior faculty I knew and respected, and they said they went through it and that it was
helpful for them.” In this case, the change agent acted as an embedded expert that
bridged the partnership between the School of Engineering and the School of
Education. Also, the change agent seemed to earn colleagues’ trust and respect.

Faculty members described a lack of instructional knowledge, a central
component of their jobs, and feelings of isolation from their colleagues. Seeking a
sense of belonging could explain why they gravitated toward a professional learning
opportunity that provided expertise in instructional strategies, support in curriculum
design, and fostered a community of learners. Faculty members probably thought that
they lacked some of the necessary skills to do their job, felt isolated, and may have
found solace in a community of learners that offered them collegial support and
encouragement.

Research Question 2: Faculty Members Describe Instructional Change

Research Question 2 sought to answer how faculty members described changes
to their teaching due to participating in the professional learning partnership. While
not all participants described changes to their practice, 84% reported using evidence-
based instructional strategies (EBIS) as a result. EBIS is also referred to as active

learning strategies and involves student-centered instructional methods that place
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students as the main actors engaging with relevant content often in collaborative
groupings (Borrego et al., 2013; Felder, 2009; Prince et al., 2013). Interviewee 2
stated, “I’ve increased the amount of active learning in my classes even more.”
Faculty members used the term active learning to describe various strategies, although
it is a general term to describe what all students do in the class other than watch, listen,
and take notes. Faculty members likely used EBIS due to the training, one-on-one
coaching with doctoral students, and the emphasis on the assessments used to evaluate
each module. A careful examination of the 32 modules created and posted on a
national network website corroborated these findings, of which 100% included some
form of active learning.

Three forms of active learning include case-based teaching, problem-based
learning, and collaborative learning, three EBIS that overlapped and found in most
modules. In case-based teaching, students analyze authentic case studies of practical
situations that involve solving problems and making decisions using real-life scenarios
(Borrego et al., 2013; Lundberg & Yadov, 2006; Prince & Felder, 2004). Case-based
teaching often encompasses problem based-learning, in which the instructor places
students in collaborative, self-directed teams to solve open-ended problems (Froyd et
al., 2013; Prince, 2004; Woods, 2012). Self-directed groupings are also considered a
collaborative learning strategy (Borrego et al., 2013; Johnson et al., 2006). While these
three strategies often intersected, 100% of the learning modules were grounded in a
real-world context. Faculty members included real-world scenarios such as ethical

dilemmas around vaccine distribution and preventing catastrophic events such as dam
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breaches resulting from natural disasters. Survey Respondent 17 wrote, “I felt good
about assigning a real-world project about a topic related to my course that I don’t
usually teach in my course.”

In a national survey, Lundberg and Yadov (2006) found that when faculty
members use case-based teaching, students are more engaged and able to view the
problem from multiple perspectives. This study supported their findings. All six
interviewees described incorporating real-world connections, problem-based learning,
and collaborative learning as the main strategies to engage students in the learning
process. Interviewee 3 explained, “I think students really like the idea of the things
that they’re learning being applied to the real world, and particularly things they care
about.”

Learning objectives appeared to reflect the use of case-based and problem-
based learning. All 32 modules contained learning objectives connecting the content to
real-world scenarios and reflected problem-based learning as one of the strategies.
Learning objectives such as “Students will consider a problem from multiple
viewpoints” and “Students will identify links between course knowledge and real-
world systems” exemplifies their connection to the research on increased engagement
in students (Lundberg & Yadov, 2006). Modules developed due to the PLP were
designed to increase student engagement because they are grounded in a real-world
context and problem-based learning.

Faculty members used various strategies to increase student interactions as part

of their participation in the PLP. Collaborative learning used in 97% of the modules
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suggested faculty members applied new strategies and sought to engage students with
each other to learn content actively. In sociocultural learning, individual and collective
understanding is mediated through collaboration and dialogue in the learning
process(Vygotsky, 1978). The use of collaborative learning such as partner work,
group work, and class discussions using real-world examples and open-ended
problems seems to demonstrate the use of EBIS within the professional learning
program.

A few faculty members reported on the survey that they did not experience any
changes to their instruction due to the PLP. However, they seemed to find some
benefit in increasing student participation in their classrooms. Survey Respondent 9
stated, “I was already using these strategies; however, it has provided me with an
opportunity to add more interactive content to my classes.”

To further corroborate the findings, faculty members completed the
Postsecondary Instructional Practice Survey (PIPS), a valid self-reporting tool (Walter
et al., 2016) used to confirm related instructional practice changes attributed to
participation in the PLP. The highest-rated factor amongst faculty members was
student-content engagement, which appears to corroborate the reports from faculty
members that they used strategies that engaged students with content through
problem-based learning, case-based teaching, and other active learning strategies.

Coaching from the research team possibly contributed to faculty members’
seemingly abundant use of EBIS. Instructional coaching includes a research-based

approach to strategies and provides differentiated supports, depending on the person
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coached (Knight, 2006). Within the PLP, no two participants received the same level
of coaching. Some met with doctoral students consistently before and after each
created module, some developed more than one module, and others met only once. In
many cases, doctoral students were viewed as experts in instructional strategies and
offered support when requested. Ongoing and consistent coaching interactions
improve this type of professional development, but this detail level was not a part of
the study (Garet et al., 2001).

Research Question 2a: Changes Sustained Over Time

Research Question 2a sought to answer whether changes to teaching practice
due to the PLP persisted over time and, if so, why. In order for professional
development to be effective, the intervention must be sustained over time for at least
one semester, coordinated and focused (Desimone & Pak, 2017; Ellet et al., 2015;
Garet et al., 2001; Henderson et al., 2011; Hord et al., 1987). According to survey data
and interviews, 71% of faculty members who participated in the program are either
continuing or plan to use the changes they made to their practice. Another 21%
reported uncertainty in future use, and 7% said they would not continue the changes.
Several reasons may contribute to these findings’ results, including a change agent's
efforts, a focus on student learning, a desire to contribute to something greater than
themselves, and the impact of the COVID-19 global pandemic.

The PLP lasted over two years and seemed to be sustained partially due to the
change agent’s efforts within the Engineering department. Henderson et al. (2011)

conducted a meta-analysis of 191 journal articles about change in STEM education
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and found that change agents were vital to facilitating professional development
efforts. The change agent in this case study coordinated faculty member participation
in the program and focused the PLP team’s effort in coaching and assessment. The
change agent’s role was likely central to the program’s success due to student
assessment and providing fast results to faculty members. STEM faculty are more
likely to adopt a new strategy if data suggest it is effective (Wieman, Perkins, &
Gilbert, 2010). The PLP supported faculty members in assessment design,
implementation, and analysis. Students completed the assessment, and the PLP
research team provided qualitative and quantitative results directly back to the faculty
member. Further, the PLP research team worked with faculty members to disseminate
their findings by creating a Card, a one-page snapshot of the quantitative and
qualitative results that included a description of the module, links to student materials,
and examples of teaching tips for replication. A sample Card is included in Appendix
D.

Faculty members were also encouraged to publish results in a national
engineering conference and journals. Five faculty members published results in 2020
based on their participation in the PLP and the modules they developed. When faculty
members focus on the scholarship of teaching and learning, they are more inclined to
use new engagement strategies (Hutchings et al., 2011). Several faculty members
spoke of the tension between the recognition and rewards for publishing in discipline-
based journals instead of education-related journals. Interviewee 6 contemplated, “The

School of Engineering values pedagogical research; whether or not that should be
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counted towards a promotion or not is up for debate. If I do a paper for ASEE
[American Society for Engineering Education], is that seen as service or is that seen as
actual research?” Therefore, further understanding in this area may be warranted.

Faculty members’ beliefs about instructional practice changes are vital for
continual implementation over time (Henderson, Khan, & Dancy, 2018; Hord et al.,
1987; Reinholz & Apkarian, 2018). Understanding what faculty members believe
about the change, their agency over the shift, and intrinsic motivation may sustain it
over time (Stupinksy et al., 2018). Participants in the case study likely continued to
use new instructional practices and implement new modules because they felt a need
to contribute to something greater than themselves. Impacting students and society
seemed to be a motivator to continue using new strategies and modules that resulted
from the PLP. Survey Respondent 17 noted, “Now I assign more real-world oriented
projects to provide the students a bigger picture understanding of what they are
learning.” Faculty members described teaching in what appeared as an altruistic
calling to help solve problems facing society. Interviewee 1 explained, “Engineering
impacts humanity, the environment, and safety.” Furthermore, Interviewee 3
expressed, “I became a teacher to make better engineers in service to humanity.”
Likely, the beliefs about the impact of modules that asked students to think about real-
world implications and solving problems together may have contributed to their
continued use.

The COVID-19 global pandemic was probably a significant factor in

implementing innovations that resulted from the professional learning partnership.
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Participants reported that they would continue to use the latest strategies and
innovations. However, the sudden switch to online learning, remote teaching, and the
new working conditions’ stress prevented implementation in some circumstances.
Survey Respondent 3 stated, “I am teaching virtually for the first time in my life, I am
having to incorporate many changes.” The effect of the shift to distance learning on
teaching practice and the higher education system, in general, is still unknown at the
time of this study but likely to have significant implications.
Research Question 3: Conditions Facilitate Change

The final research question sought to understand the professional learning
partnership conditions that facilitated change in faculty members’ instructional
practice. Time is the main barrier to change in instructional practice for higher
education faculty (Froyd et al., 2013; Prince et al., 2013). It takes time to design
curriculum, plan lessons, and implement active learning strategies such as group
discussions or case-based projects. Hence, the predominant content delivery method is
the traditional lecture, which may be perceived as a time-efficient method (Freeman et
al., 2014; Henderson et al., 2011, 2012; Macdonald et al., 2005; Wieman, 2014).
Participants described the conditions that the PLP provided that seemed to inspire
them to change their instructional practice from traditional lecture to EBIS. Survey
Respondent 10 wrote, “I’ve increased the amount of active learning in my classes even
more. Traditional lectures are becoming increasingly rare in my courses. I also am

requiring more group work both in and out of the classroom.”
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Faculty members appeared to be willing to redesign the curriculum and
implement new teaching strategies if they could find value in the process. They
wanted to know how effective the instructional strategy was for students, and prompt
assessment data possibly motivated faculty members to evaluate the program and
publish their findings. Data are necessary to persuade science faculty to teach
differently, and the PLP was designed to provide faculty members with support in the
analysis (Wieman, Perkins, & Gilbert, 2010). When asked what conditions were
needed to make a change, Survey Respondent 14 wrote, “Effectiveness is the main
condition.” Assessments were an essential component in the PLP. They provided
student learning information, direct feedback to the faculty members, and material and
insights to publish results. Interviewee 1 explained, “Being able to connect with
someone at the School of Education, to talk about the assessment piece helped me
have more confidence in the validity of what I was doing in the end.”

When faculty members saw the change’s effectiveness, they likely weighed
trade-offs in curricular decisions, such as the amount of course content to provide and
how to deliver it to students. Time becomes an essential consideration in decision-
making when adopting new strategies (Wieman et al., 2010). Interviewee 2 discussed,
“You can either teach a lot of stuff or cover fewer topics in more depth. Adding active
learning modules gives much depth, but it will just take a lot more time than just
lecturing at a student.”

Accountability systems and feedback opportunities facilitate instructional

practice changes (Desimone & Pak, 2017; Garet et al., 2001). Accountability systems
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and feedback mechanisms were in place. They likely contributed to faculty members’
feelings of responsibility to the PLP research team and their colleagues as a condition
to make changes. For example, faculty members were expected to meet regularly with
doctoral students to discuss course design and implementation. An observation during
implementation was also another expected component of the program. Also, faculty
members were paid a small stipend for each module they created but were paid only
after posting it with assessment data on the network site.

In most cases, the research team assisted in the creation of the posted module
or Card. Interviewee 1 explained, “The fact that they [PLP] held you accountable for
actually implementing the module, I think that made it much more likely that I would
actually do it.” The system to provide feedback appeared to be another valued
condition of the participants of the PLP. Doctoral students met individually with
faculty members and provided input on course design and teaching strategies. They
scheduled observations during instruction and provided feedback when mutually
agreed upon. Interviewee 5 explained,

[Doctoral student] did the assessment, helped me review my modules, and

gave me feedback. If nothing else, [doctoral student] kept me on track because

I knew that [doctoral student] would be coming Monday, so I couldn’t just be

running the labs on the printer 10 minutes before class.

Additional conditions of the partnership that likely enabled change included
time for reflection, support from colleagues to take risks, and direct pedagogical

support from the School of Education. Henderson et al. (2012) noticed that when
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STEM instructors were encouraged to be reflective and use their knowledge and skills
to improve and make a change, they were more likely to do so.

The PLP provided faculty members with time to reflect on their practice, and
faculty members described needing time to be reflective while contemplating their
own experience as a learner. Trying a new teaching strategy can be a risky endeavor,
particularly for faculty members who reported that they lack pedagogical training.
However, formal and informal networks can facilitate change that improves
instruction by building peer relationships and providing a safe space to try new
strategies and brainstorm new ideas (Hutchings, Huber, Ciccone, 2011; Kezar, 2014;
Kezar et al., 2019). The PLP appeared to provide an informal network of colleagues
within the department and a national network to gather new ideas, share knowledge,
and ask questions. Often faculty members who taught sections of the same course
worked together to create modules. The change agent provided many opportunities for
informal conversations about teaching practices and the program. Frequent
conversations with local colleagues about implementing instructional strategies are
critical to the adoption and implementation of EBIS (Mestre et al., 2019). Survey
Respondent 14 stated, “It was a good way to get feedback from other colleagues and
have time to spend on thinking about new activities and learn what other colleagues
were doing.” Interviewee 4 shared, “Having other faculty and especially
administrators who are supportive of innovative teaching is needed because if things

go a little bit sideways, or students don’t like working in groups, they complain.”
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Lastly, a condition faculty members stated likely facilitated change in practice
was the direct pedagogical supports from the School of Education, a unique
partnership model. More common change models in national science education
initiatives, predominately at large research universities, use embedded experts or
Science Education Specialists with expertise in pedagogy and discipline-specific
knowledge (AAU, 2017; McVey et al., 2019; Wieman et al., 2010). In those models,
Science Education Specialists (SES) collect, distill, and communicate data and
develop curricular materials and teaching approaches in collaboration with faculty.
SES serves as a local resource and facilitates sustainability by archiving and
disseminating materials. The PLP was similar in its approach but served a smaller-
sized institution and did not necessarily have the discipline-specific knowledge in
Engineering. First, the PLP research team collected and distilled data and then
communicated the findings as soon as they were available. Doctoral fellows assisted in
the development of curricular materials and provided support for new teaching
strategies. Sustainability was facilitated by posting 32 modules developed by the
faculty onto a national engineering education website. Over 1,000 engineering
educators access this website for innovative curricular ideas and educational
information. Interviewee 6 reflected on the model by stating,

I think that piece that may be the most impactful was the contributions of the

School of Ed. That is something I hadn’t had before. It was really great to have

people in the class, in the workshop, helping develop methods for

implementation, and come to classes and listen to us and give us feedback.
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Interdisciplinary partnerships between STEM and education faculty often
focus on improving pre-service teachers in K-12 science education, not higher
education instructional practices, but a few provide some insights (Carbone, 2000;
McVey et al., 2019; Schneider & Pickett, 2006; Sechrist et al., 2002). McVey et al.
(2019) found that faculty members reported the most valuable aspect of working with
postdoctoral fellows with pedagogical expertise was a collaboration of engineering
education strategies and course transformation. Similarly, the PLP focused on using
EBIS and course design which faculty members appeared to have appreciated as a
professional learning experience. Interviewee 5 explained, “I love their presence
[School of Education] in the School of Engineering. They were the ones who gave me
different ideas of how to remap my ideas into deliverables.” Survey Respondent 12
wrote, “It’s been great professional development. Far exceeding any other trainings or
education-focused conferences.” Conditions of the PLP that likely facilitated change
in instructional practice included knowing the value of the change and its
effectiveness, accountability and feedback, time for self-refection, and collegial and
pedagogical support.
Connections of Findings to Theoretical Framework

This case study research is grounded in a theoretical framework of change in
instructional practice based on the seminal work of Hall et al. (1974) Concerns Based
Adoption Model (CBAM). The tenets of CBAM view change as a process, not a
highly personal product, of which individual perceptions of change strongly influence

the results. A five-stage framework was adapted from this original model to determine
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how likely higher education faculty are to use a new instructional strategy or
innovation (Froyd et al., 2013; Henderson et al., 2011, 2012). STEM scholars created
a five-stage theoretical framework that determines how likely higher education faculty
use a new instructional strategy or innovation (Froyd et al., 2013; Henderson et al.,
2011, 2012; Hord & Hall, 1997). Awareness, search for information, reflect, adopt or
reject, and follow up make up the five-stage framework. Participants described all of
the stages of the theoretical framework within the findings throughout the research
questions. Each stage is described individually.

Awareness: Learning about the innovation. Change theory suggests that
awareness of teaching innovation is the first step in how likely faculty members
choose to participate, and collegial support can be a motivator to try an innovation
(Froyd et al., 2013; Henderson et al., 2011, 2012; Hord & Hall, 1997). All
interviewees attributed becoming aware of the professional learning partnership
through leadership within the department. Some faculty learned about it through the
Dean, others through senior leaders in the School of Engineering. Faculty members
described being encouraged to participate knowing that the majority of Engineering
faculty would be involved. The School of Engineering culture appeared to be
embracing this new partnership, and the literature suggests that faculty members are
more likely to adopt an innovation when departmental culture is taken into account
(Henderson et al., 2011).

Information: Looks for more information. After awareness, it appeared as

though faculty members wanted to learn more about the program, expectations, and
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effectiveness. Survey Respondent 1 explained, “I need time to research the strategy
and implement it in a course,” when asked about conditions needed in adopting new
strategies. Departmental colleagues, the PLP, and the national network likely provided
information about the strategies, program, and expectations for participation.

Reflection: Considers pros and cons. Changes to teaching practices are
highly personal, and individual perceptions of the change strongly influence the results
(Ellett et al., 2015; Hord et al., 1987). Consideration of the pros and cons of adopting a
new strategy seemed prominent in research question three that discussed the
conditions needed to adopt a new strategy. Faculty members likely reflected on the
benefits and drawbacks of making changes to instruction. Time constraints appeared
as a predominant factor in weighing whether or not faculty members try a new
instructional strategy. When asked about barriers and supports in adopting a new
strategy, Survey Respondent 7 wrote, “Time to actually plan for the implementation.
As an instructor, I don’t have a lot of extra time to try new things.”

Moreover, Survey Respondent 6 noted, “It has to be relatively easy to
implement.” The STEM field relies heavily on lecture-based instruction, which could
be more challenging to change due to beliefs about themselves as experts in their field
(Henderson et al., 2011; Henderson, Khan & Dancy, 2018; Holdren and Lander,
2012). Most faculty teach how they were taught, and faculty may be resistant due to
their own identity as experts in engineering.

Adoption or rejection: Tries the innovation (or not) and analyzes the

results. Scientists are more likely to adopt a new strategy if they have access to data
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(Wieman, 2010). Assessment data provided to the faculty members for each module
they created appeared helpful in determining to adopt or reject a strategy.

Follow-up: Decides to continue or discontinue to apply the innovation. The
participants in the PLP reported continuing the use of the modules they created,
possibly as a result of the assessment data provided. For some, the assessment data
likely helped determine the effectiveness of the change.

This case study was grounded in the theoretical framework of the Concerns
Based Adoption Model (Hall et al., 1974). This model theorizes that change is a
process, not a product, and individual perceptions of change strongly influence the
results. Engineering faculty members described why they participated, instructional
changes they made, if any, and the circumstances that facilitated any shifts in
instructional practice. Descriptions of changes were highly personal as faculty
members discussed feelings of isolation and a desire for community, a lack of training,
and a strong commitment to a positive impact on students and society.

Implications for Professional Practice

This case study research resulted in several implications for professional
practice. First, higher education institutions should incentivize educational-related
research in order to improve teaching and learning. The scholarship of teaching and
learning (SoTL) is the study of teaching and learning in higher education and is
systematic, evidence-based, and public about the results of student outcomes.
Educational-related research is often not included in tenure portfolios in the sciences.

Two participants in this case study discussed the stigma of educational research in the
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field, particularly as it pertains to junior faculty seeking tenure. Higher education
institutions should include published research efforts as part of the tenure process.
However, there is a challenge with the public airing of results of teaching and learning
research. An authentic assessment arises from looking at classroom practice, activities,
and learning, yet assessing and looking at institutional effectiveness and public
accountability, which may cause fear or deter innovation (Henderson et al., 2018;
Hutchings et al., 2011).

A second implication for professional practice is the use of change agents to
improve instruction in higher education. Change agents, also referred to as knowledge
brokers, effectively catalyze change in undergraduate STEM departments (Gelles,
2020; Mestre et al., 2019; Shulman, 2005). Universities should identify trusted and
respected faculty members in their respective departments to lead and galvanize
change. These change agents could be incentivized with time, money, or flexible
workload in order to provide the capacity to facilitate change efforts.

Faculty members are more prone to try new instructional innovations if they
have frequent conversations with their colleagues about the implementation (Prince et
al., 2013; Wright, 2002). The creation of communities of practice should result from
these efforts. Discussions in real-time about implementing and assessing new
strategies could increase the likelihood of sustained practice and reduce isolation
amongst faculty members.

The third implication for professional practice is a need for more ongoing

support of faculty members implementing evidence-based instructional practices. One-
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third of faculty who us at least one EBIS discontinued its use after the first attempt
(Henderson et al., 2011, 2012). The K-12 public school system has embraced the use
of instructional coaches and a partnership framework which would be ideal in a higher
education setting (Knight, 2011). The partnership framework is based on trust, choice,
dialogue, and reflection. Coaches value the faculty members’ thoughts, beliefs, and
expertise and seek to understand and learn rather than intend to persuade. Also, having
another person accountable could prove to be the nudge faculty members need to
sustain changes. Universities do not seem to utilize this model, which could prove
beneficial as a supplement to faculty development endeavors.

Finally, Schools of Education and faculty development centers have much in
common relating to knowledge and dissemination of best practices in teaching and
learning. Together these experts could transform instruction on university and college
campuses across the United States. However, asking faculty members in the School of
Education to provide time and expertise could prove to be a barrier due to their
departments’ responsibilities, but incentivizing with resources could prove beneficial.
Doctoral students in education may be underutilized and could contribute to
professional learning on campuses.

Implications for professional practice include incentivizing educational-related
research by including it in the tenure process and investing in change agents in higher
education institutions. Supporting coaching models often successfully used in the K-

12 system may also impact positive changes. Lastly, universities could find ways to
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partner with Schools of Education, including their graduate programs, to tap into the
knowledge and skills they exhibit as part of the daily practice.

Limitations of the Study

This study, like all research, has its limitations. While efforts were made to
mitigate researcher bias and establish validity, this case study’s small sample size and
narrow scope had limitations that inform future research. Data gathered through
interviews and open-ended survey questions were inherently subjective as they reflect
participant experience and interpretations. Secondly, the sample size of the study of
six interviews and 19 survey respondents is small due to the size of the university,
departments, and participation in the professional learning program. Although the
response rate of 53% seemed robust, the number of actual respondents limited the
results. Future research could include quantitative research methodology with larger
sample sizes.

Another limitation of this case study is the narrowness of the scope of the
study. This single case study focused on one professional learning program at one
university. There were no other comparative settings, which made it unique, attempted
to fill a gap in the research, but may have limited findings. The scope was limited to
only one side or perspective of the School Education and Engineering department's
partnership. The point of view from those providing the support to Engineering faculty
members was not taken into account. It could be an essential finding related to
implementing evidence-based instructional strategies or changes to instruction in

general.



151

Although interview participants were chosen based on pre-established criteria
such as participation in the PLP, they self-selected for the interviews. This form of
convenience sampling can limit the credibility of the study (Creswell, 2013). The use
of an outside interviewer also warranted a structured interview protocol that did not
allow for follow-up questions to capture nuanced answers or the ability to ask for
clarification. This may have limited the data set overall.

The use of a self-report instrument was an additional limitation of the study.
The Postsecondary Instructional Practices Survey (PIPS) instrument was designed to
measure faculty members’ instructional practices. Each respondent self-assessed their
teaching strategies and approach to instruction. Walters et al. (2016) developed the
instrument and tested it for validity and reliability. Self-reporting is not entirely
reliable due to response bias. Also, the PIPS was not designed to measure specific
evidence-based instructional strategies; therefore, the findings resulting in their use
were limited.

Lastly, and most important limitation of this study was the impact of researcher
bias. While steps were taken to mitigate this bias, in qualitative studies, the researcher
acts as the data collection instrument and brings subjective experiences and
perspectives to the study (Creswell, 2013). This inherent threat to validity may bias the
results. First, as a doctoral fellow, I was closely involved in implementing the
professional learning program. I participated in course design, implementation of the

modules, and analysis of the assessment data. Also, I am a co-author of several
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conference papers and received a small financial benefit for my role during the PLP,
although I did not receive any financial assistance once data collection commenced.

As a teacher in the K-12 public school system, my expertise is in pedagogical
content, not Engineering. Engineering has its signature pedagogy (Shulman, 2005)
which is unique to that discipline. This lack of discipline content knowledge may have
limited the findings and the participants’ involvement in the PLP in general.
Participants also received a stipend for their participation. This was not a prominent
finding but maybe a reason they chose to participate and reluctant to divulge.
Furthermore, due to my proximity with the participants as a doctoral fellow, some
participants may have been less than honest about the impact of the PLP, which could
put into question the study’s trustworthiness. For these reasons, member checking,
triangulation, analytic memo writing, and bracketing were employed in this research
process to note the potential bias and minimize its impact (Creswell, 2013; Saldana,
2016).

Future Research

Further research is recommended to build upon the findings, discussion, and
implications of this case study research study. The first recommendation for future
research is to broaden this study’s size and scope using quantitative methodology.
Participants in this single case study reside in one small university Engineering
department. While their perspectives and experiences are valid and essential, a broader
array of viewpoints could prove worthwhile. Student perspectives of the use of

evidence-based instructional strategies as well as accounting for the faculty members’
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experiences and participants of the School of Education could offer a unique
understanding of the program model, particularly as it pertains to replication on other
campuses. The capacity of faculty members in the School of Education to provide
support to other departments and manage a team of doctoral fellows in addition to
their teaching and research responsibilities may prove exhaustive.

Another possible future research study could include more quantitative
research. The postsecondary instructional practices survey (PIPS) provides
information on evidence-based instructional strategies and could be given to faculty
members as before and after they participate in a professional learning partnership.
This may provide more data on the effectiveness of such a program.

Another recommendation for professional developers, including faculty
development centers, is to utilize signature pedagogies (Shulman, 2005) or discipline-
specific knowledge when providing professional learning opportunities. Professional
development to improve instruction can be a one-size-fits-all model. More research is
needed to understand and disseminate unique instructional strategies effective in
distinct disciplines.

Future research is recommended to compare individual evidence-based
instructional strategies with themselves, rather than to traditional lecture. Seminal
researchers such as Wieman (2014), who have led the conversation regarding changes
in STEM instructional practices, have made the point that traditional lecture, still

prominent in undergraduate STEM education, has been all but proven ineffective.
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Moving forward, research comparing each of the ten or so EBIS within the context of
signature pedagogy could bring focused instructional change more quickly.

Finally, future research is also recommended as a follow-up to this particular
case study to discover if faculty members are continuing to implement the changes
they made. Faculty members created 32 modules and shared resources amongst a
national network of Engineering educators. It would be helpful to understand if they
were still using the modules or created new ones without the professional learning
program’s support at some point in the future.

Conclusion

A national shortage of science, technology, engineering, and mathematics
professionals impacts the U.S. economy, and calls to reform university teaching and
learning are underway. Students are dropping out of STEM majors, particularly
women and students of color, at a higher rate than their white counterparts, causing an
even greater talent scarcity. There is pressure to change teaching and learning towards
using evidence-based instructional strategies that involve students in the learning
process. Efforts to change instructional strategies present mixed results (Chen, 2014;
NCES, 2019).

These research findings revealed that faculty members desire a sense of
belonging in a profession that asks them to spend much of their time teaching, yet
does not prepare them adequately. This can lead to isolation and many yearn to work
more closely with their colleagues. When supported with ongoing coaching, proof of

effectiveness, and some accountability measures, faculty members can adopt and
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sustain evidence-based instructional strategies. Collegial support and time for
reflection also were beneficial to sustained change. In addition, the scholarship of
teaching and learning should be recognized and rewarded on par with discipline-based
research, particularly since faculty members spend the majority of their time teaching.

Engineering faculty members are experts in their field. At the university level,
these professors are at the academic pinnacle of their careers. Therefore, it may be
difficult for highly educated and respected professionals to acknowledge a need for a
change in instructional practice. Educational reformers seek quick fixes, programs,
and strategies that may not persist over time. Change theory maintains that change is
highly personal and individualistic (Hall et al., 1974; Hord, et al., 1987). Belief about
the change may be more important than the actual innovation itself.

Evidence-based instructional strategies seek to place the students as the main
actors in the class. Students are responding to curricula relevant to their lives,
involving problem solving and collaboration with their peers. This form of applied
learning could be the key to increasing student engagement, retention, and increasing

the supply of STEM professionals needed.
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Appendix A

Written Information Sheet (survey)

This survey is part of a research study conducted by Rebecca Levison, as part of the
[program]. I hope to learn how engineering faculty perceive changes to their teaching
practice and implement pedagogical shifts over time. If you agree to participate, please
complete the survey below. If you do not want to participate, please do not complete
this survey.

All data will be kept in a password protected computer without any link to your name.
There are no anticipated risks to your participation in this survey, however, it is
unlikely yet possible that a data breach could occur with the Qualtrics survey and that
the data may be compromised.

Participating in this research may help improve what we know about perceptions and
beliefs on the utilization of new teaching strategies and may be published
anonymously in a conference or journal paper. However, we cannot guarantee that
you personally will receive any benefits from this research. Your participation is
voluntary, and your decision whether or not to participate will not affect your
relationship with [University]. If you decide to participate, you are free to withdraw
your consent and discontinue participation at any time without penalty.

If you have any questions about the study, please feel free to contact me, Rebecca
Levison (XXX) [ XXX-XXXX] or [email address] or my faculty advisor Dr. Nicole
Ralston at [email]. If you have questions regarding your rights as a research subject,
please contact the IRB (IRB@up.edu).
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Online Survey: Postsecondary Instructional Practices Survey (PIPS)
and Open-Ended Questions

INFORMATION

This survey consists of two parts: a 24 item teaching practices survey and 7 item short
answer survey. The first part was designed by researchers at California State
University at Fresno and Western Michigan University and the second was designed
by a researcher at the University of Portland to collect self-reported teaching practices
from individuals teaching at institutions of higher education.

INSTRUCTIONS

The survey has 24 teaching practice items and 7 short answer questions. It should take
about 15 minutes to complete.

Each teaching practice item is a statement that may represent your current teaching
practice. As you proceed through the survey, please consider the statements as they
apply to teach your lowest level, the largest enrollment undergraduate course taught
in the last two years.

Please read each statement, and then indicate the degree to which the statement is
descriptive of your teaching. There are no “right” or “wrong” answers. The purpose of
the survey is to understand how you teach, not to evaluate your teaching.

0 - Not at all descriptive of my teaching 1 - Minimally descriptive of my teaching 2 -
Somewhat descriptive of my teaching 3 - Mostly descriptive of my teaching
4 - Very descriptive of my teaching
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Please indicate the degree to which the following statements are descriptive of your
teaching at your lowest level, the largest enrollment undergraduate course taught in

the last 2 years.
Not at all Minimally Somgwl}at qutly Ve?ry'
descriptive of| descriptive of descriptiveldescriptive|descriptive
my teaching | my teaching of my of my of my
teaching | teaching | teaching

PO1. I guide students through major 0 1 ) 3 4
topics as they listen and take notes.
P02. I design activities that connect
course content to my students' lives 0 1 2 3 4
and future work.
P03. My syllabus contains specific
topics that will be covered in every 0 1 2 3 4
class session.
P04. I provide students with
immediate feedback on their work

. 0 1 2 3 4
during class (e.g., student response
systems, short quizzes)
POS. I structure my course with the
assumption that most of the students 0 1 ) 3 4
have little useful knowledge of the
topics.
P06. I use student assessment results
to guide the direction of my 0 1 2 3 4
instruction during the semester.
P07. I frequently ask students to

. . . 0 1 2 3 4

respond to questions during class time.
PO08. I use student questions and
comments to determine the focus and 0 1 2 3 4

direction of classroom discussion.
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Not at all
descriptive
of my
teaching

Minimally
descriptive
of my
teaching

Somewhat
descriptive
of my
teaching

Mostly
descriptive of
my teaching

Very
descriptive
of my
teaching

P09. I have students use a variety of
means (models, drawings, graphs,
symbols, simulations, etc.) to
represent phenomena.

P10. I structure the class so that
students explore or discuss their
understanding of new concepts
before formal instruction.

P11. My class sessions are structured
to give students a good set of notes.

P12. I structure the class so that
students regularly talk with one
another about course concepts.

P13. I structure the class so that
students constructively criticize one
another's ideas.

P14. 1 structure the class so that
students discuss the difficulties they
have with this subject with other
students.

P15. I require students to work
together in small groups.

P16. I structure problems so that
students consider multiple
approaches to finding a solution.

P17. I provide time for students to
reflect on the processes they use to
solve problems.

P18. I give students frequent
assignments worth a small portion of
their grade.

P19. I require students to make
connections between related ideas or
concepts when completing
assignments.

P20. I provide feedback on student
assignments without assigning a
formal grade.

P21. My test questions focus on
important facts and definitions from
the course.
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P22. My test questions require
students to apply course concepts to 0 1 2 3 4
unfamiliar situations.

P23. My test questions contain well-
defined problems with one correct 0 1 2 3 4
solution.

P24. 1 adjust student scores (e.g.
curve) when necessary to reflect a 0 1 2 3 4
proper distribution of grades.

I1: Additional Questions

Faculty members of the [University] may have participated in a grant-funded program.
Professional development opportunities such as trainings, one on one support and data
analysis were provided in partnership with [University’s] School of Education. Please
answer the following questions to understand the extent to which you participated in
[program].

1. Please check all that apply.
_ I participated in at least one local [program] training on the University campus.
___Tattended at least one national [program] training or conference or training

T developed at least one [program] module and published it on the [program]
Engineering website.

_ I'met at least once with an education doctoral student [Names of three doctoral
students] from the School of Education to plan and discuss ideas to develop my
module.

____An education doctoral [Names of three doctoral students] observed my class at
least once while I was teaching from my module.

____I'met at least once with an education doctoral student [Names of three doctoral
students]AFTER I completed my module to obtain feedback.

I did not participate in any aspect of the [Program].
2. Now think about these [Program] related experiences you’ve had. Have you

made any changes to your instruction due to these experiences? Can you
provide a specific example?
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Are there any teaching strategies you adopted that you attribute to participating
in the [Program] program? If so, which ones?

If you did adopt a new strategy or change your teaching practice as a result of
your participation in the [Program], are you still using it or plan to use it this
year? Why or why not?

When thinking about adopting a new teaching strategy, what are some of the
conditions you need to make that change in your teaching practice?
Is there anything else we need to know about participating in the [Program]

program?

Including this year, how many years have you been teaching engineering to
college students?
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Appendix B

Written Information Sheet for Interviews

This interview is part of a research study conducted by Rebecca Levison, as part of the
UNIVERSITY OF PORTLAND School of Education doctoral program. I hope to learn how
engineering faculty perceive changes to their teaching practice and implement pedagogical
shifts over time. You were selected for an interview because you offer a unique perspective on
the impact of the [program] due to your level of involvement.

This form includes detailed information on the research to help you decide whether to
participate. Please read it carefully and ask any questions you have before you agree to
participate.

If you decide to participate, you will be contacted to set up a 30-minute interview on ZOOM
to understand the extent to which you participated in the [program], your perspective and
experience in the program and in using new teaching strategies. The ZOOM interview will be
audio and video recorded.

There are no anticipated risks to your participation in this interview. Participating in this

research may help improve what we know about perceptions and beliefs on the utilization of
new teaching strategies and may be published anonymously in a conference or journal paper.
However, I cannot guarantee that you personally will receive any benefits from this research.

Any information that is obtained in connection with this study and that can be identified with
you will remain confidential and will be disclosed only with your permission or as required by
law. Subject identities will be kept confidential by assigning a pseudonym to each interview
participant and a numerical code. Identifiers will be removed from identifiable information.
All data will be kept in a password protected computer without any link to your name. After
identifiable private information is removed, the information may be used for future research
studies.

Your participation is voluntary, and your decision whether or not to participate will not affect
your relationship with [University]. If you decide to participate, you are free to withdraw your
consent and discontinue participation at any time without penalty.

If you have any questions about the study, please feel free to contact me, Rebecca Levison at
(XXX) XXX-XXXX or [email] or my faculty advisor Dr. Nicole Ralston at [email]. If you
have questions regarding your rights as a research subject, please contact the IRB
(IRB@up.edu).
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Appendix C
Interview Questions / Protocol
Interview Script

Thank you for agreeing to participate in this interview to understand the impact, if
any, of the [program], specifically the partnership between the [department] and the
School of Education. This case-study seeks to understand the impact of the
collaboration between the departments on teaching practices. This interview should
take approximately 30 minutes. All interviews are audio and video recorded for later
transcription. Do I have permission to audio and video record this interview?

Please see the written information sheet that was sent to you. It states that
participation in this study is voluntary and confidential and you can withdraw at any
time. Do you still want to participate in this interview?

Do you have any questions before we begin?

You were selected for an interview because you offer a unique perspective on the
impact of the [program] due to your level of involvement. It’s my understanding that
you designed and implemented a module for one of the courses you taught, gathered
assessment data, and posted a Card on the [National Network] website. One
component of the [program] was the support from the School of Education in
designing, implementing and assessing the modules. The following questions are
designed to understand the impact, if any, on your teaching practice.

1. Can you tell me a little bit about what it was like to participate in [program]?
a. How did you learn about [program]?
b. Why did you decide to participate?

2. Thinking back, what was most impactful about the [program]? Why?
a. What was least impactful? Why?

3. What changes have you made to your teaching practice, if any, as a result of
participating in the [program]?

a. Can you provide an example? (If respondent only talks about
changing the [program] module, rather than focusing on teaching
practice, ask the question again with emphasis on teaching
practice).



178

4. A link to the module you created was sent to you electronically when you
completed your survey. Thinking back to the process how did you decide to
create this?

a. What were the key components?
b. How did it go?

5. Have you taught this same module again? Why or why not? If so, how did it
go?

6. When thinking about making changes to your teaching practice, including the
use of new strategies or the development of new modules, what supports are
necessary for you?

a. What do you need to be successful?
b. What are the barriers? Why?

7. Was the partnership with the School of Education a helpful support? Why or
why not?

8. Is there anything else you would like to add about your experience with the
[program]?

Thank you so much for your time today. A transcript of this interview will be
available and sent to you to check for accuracy.
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[Program] Published Card on [National Network] Website

@ 394 Views

Taking Action on Ethics

By Heather Dillon & 1 other

¥ 11 Favarites

<0 Shares

Updated: 6/26/2020 2:08 AM by Heather Dillon

Description

This module was designed to help students learn to develop an action plan
for ethics. The book by Mary Gentile, "Giving Voice to Values" argues that
most students already know that they should never build a bad bridge.
However, when faced with the complexity of workplace pofitics they
sometimes do not have a plan for properly articulating an ethical concern.

The module was designed to be added to an existing class project so
students had context for building an action plan for ethics. The module was
implemented in a heat transfer course, but was also implemented in a
slightly different contextfproject in a fluids course. With small modifications it
could be added to other classes.

Ethics Dilemma - The students worked the first half of the project to design
a device to transport a vaccine and keep it cold for 48 hours. During the
ethics module, students were then told that the company they work for has
changed the plan, and the device will now be used to transport the vaccines
for 5 days longer (7 days total) without the ability to refrigerate the vaccines
in the interim.

Mindset Matters
Curiosity
= Explore a contrarian view of accepted solution

Connections
* Assess and manage risk

Creating Value
* ldentify unexpected opportunities to create extraordinary value

Skillset
Design
* Analyze Solutions

Opportunity

* Evoluate Tech Feasibility, Customer Value, Societal Benefits &
Economic Viability
* Assess Policy & Regulatory Issues

Engineering Disciplines
= Chemical Engineering
* Health Sciences & Medical
= Mechanical Engineering
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Appendix E
Excerpts from Codebook
Categories/Themes Codes Description
Sense of impact students Faculty described feelings

responsibility to
impact change

Sense of belonging

EBIS

impact self

impact engineering profession

impact world/society

untrained
isolated
seek collaboration

group discussions
relevant to students
real world connections
hands on activities
flipped classrooms
Gallery Walk
Open-ended questions
Think-Pair-Share

of responsibility as a
teacher to impact change
in a variety of settings
(personal and
professional)

Faculty described the
impact of the program as a
need due to the lack of
training in educational
pedagogy and feelings of
isolation

As described in the
literature. Students are
central actors in learning
process





