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ABSTRACT

There have been a multitude of calls to reform teaching in undergraduate education. The
implementation of active learning in the classroom increases student learning, relative to
traditional lecturing. 1 worked with university faculty to determine the relationship between their
interest in (intent) and application of active learning (behavior). | measured the intent of faculty
to implement active learning and conducted classroom observations. Based on these classroom,
observations, | found there is not always an alignment between an individual’s intent and
behavior. Therefore, interviews were conducted to determine what factors could be contributing
to the misalignment. Several factors were found: preparation time of new activities, classroom
setup/layout, and the student population. Understanding what factors impact the change from
traditional teaching to active learning teaching creates an opportunity to provide faculty with

remedies such factors.
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INTRODUCTION

Undergraduate science, technology, engineering and mathematic (STEM) courses have
been the center of interest for many education researchers of late. STEM courses service a
diverse, robust student body as well as a variety of majors and disciplines. This diversity in both
content (course description, course level, course enrollment) and students (ethnicity, age,
background education, career goals) has led to national attention and focus on reforming the way
STEM courses are taught. There is a push to progress teaching strategies from traditional
lecturing method to a more active, inquiry-based, student engaging approach.

Even though the nation’s attention is drawn to STEM education reform, the field of
STEM education research itself is relatively new and undiscovered. There has been extensive
research on introductory biology courses, but beyond that little is known about other course
levels and class sizes across various disciplines. Being able to understand how active learning
can be used in any type of classroom and course is important if the goal is to implement change
throughout a university.

The term ‘active teaching’ is used to describe a teaching style where students are
participants in their learning (Bonwell & Eison, 1991). Active learning is a relatively broad term
that encompasses an extensive spectrum of strategies that have evidence of effectiveness within
the classroom. These strategies include think-pair-share, clicker questions, group discussions, or
group projects, just to name a few. Even though these strategies have shown to be successful
ways to engage students in their learning, they are still not widely used across the STEM courses.

Gateways ND was initiated at North Dakota State University with a National Science

Foundation (NSF) award with the goal of increasing the use of active learning strategies and



practices that are being incorporated in the STEM courses along with the desire to create an
active learning community on campus for faculty members.
Gateways ND

Gateways ND is a five-year NSF funded program designed to increase faculty knowledge
of pedagogy, development of said pedagogy, and implementation of such within their classroom.
Faculty participants attitudes and beliefs toward active learning were tracked and monitored
while they were part of this program. Additionally, classroom observations were performed to
try and find a correlation between their pedagogical beliefs and pedagogical practices.

The program aimed to inform faculty of active pedagogical practices and create a
community in which faculty could engage with each other and discuss different teaching
approaches and strategies. For faculty to have successful change of what teaching strategies they
were using, the barriers they are encountering had to be taken into consideration and addressed.
One of the more pronounced perceived barriers is that students will not participate or engage in
active learning. A few other barriers include the influence outside entities has on traditional
teaching, faculty self-perceptions, the anxiety that change can cause, and the lack of incentive for
faculty to diverge from traditional lecturing (Bonwell & Eison, 1991).

For the purpose of this study, having diversity was important. The study encompasses a
broad spectrum of faculty, student enrollment numbers, course levels, and departments in order
to gain a better understanding of how active learning can be used across the university.

This study was formulated to address the following research questions:

1. To what extent do faculty attitudes, norms (beliefs about others’ beliefs and

actions), and personal control beliefs regarding implementing active teaching and



learning strategies influence the implementation of active teaching and learning
strategies?
2. If faculty intend to implement active learning and teaching strategies in their
classroom, are they practicing said strategies?
This research was also informed by the hypotheses:
1. Faculty are encountering barriers that inhibit implementing active learning and
teaching strategies
2. Faculty need the support of peers to encourage pedagogical change
This project sought to determine whether there is alignment between faculty intention and
faculty practices. Further, identification of what barriers exist, or are thought to exist, can inform
future professional development workshops. Together this information can lead to better student

and faculty experiences in the classroom.



LITERATURE REVIEW
Current state of STEM education research

What is STEM education? STEM education is defined as “a standards-based, meta-
discipline residing at the school level where all teachers, especially science, technology,
engineering, and mathematics (STEM) teachers, teach an integrated approach to teaching and
learning, where discipline-specific content is not divided, but addressed and treated as one
dynamic, fluid study” (Merrill, 2009). A study that intended to determine the current perceptions
of STEM education found that only half of the people (STEM faculty, non-STEM faculty, and
administrators) asked “what is STEM education?” were able to correctly answer the question.
Even though only half of the interviewed population knew what STEM education was, 75%
stated that STEM education was important (Brown, Brown, Reardon, & Merrill, 2011). This
suggested that a majority believe in the value of STEM education, but have a blurred vision of
what it means (Brown, Brown, Reardon, & Merrill, 2011). If people are not aware of what
STEM education means, effectively teaching it may deem difficult. Knowing the current
understanding held by most individuals regarding STEM education is important when evaluating
where the research should go and what should be looked at next.

A study that attempted to determine the state of STEM education research looked at and
analyzed 60 self-identified STEM education research articles (Brown, 2012). After gathering a
database of articles, researchers attempted to answer four main questions. The first question
asked addressed if there is a research base available to STEM education researchers; is there a
platform for this research? The next three questions aimed to address the scope of STEM
education, where are the studies being conducted, and to whom/to what education level the

studies were being conducted? The articles were initially placed into one of seven categories for



frequency of article method; activity, descriptive, editorial, literature, mixed method, qualitative,
and quantitative. The methods of the 60 articles were distributed evenly across the seven
categories except for the editorial and literature categories which, when combined, had a total of
five articles. The articles were then sorted by institution and who the study focused on. They
found that STEM education research is being conducted at a range of institutions which suggests
that there is interest and that opportunities are readily available. Only 14 of the 60 articles
focused on undergraduates or faculty as their population, whereas a third of the articles
concentrated on K-12 students and or teachers (Brown, 2012). The remaining articles
participants were graduate students, did not have participants, or used faculty as the participants
(Brown, 2012).

In 2008, the National Research Council hosted two workshops with one goal in mind; “to
examine the evidence of impact for a selected number of promising practices”. After the
workshop, Dr. James Fairweather, discussed new ideas in a status report for The National
Academies National Research Council Board of Science Education. He suggested there was
substantial evidence which showed increased student learning via inquiry-based learning
approaches. He debated that student learning would progress quicker if faculty that used
traditional teaching pedagogies could be convinced to change their practices (from traditional to
active strategies), if only just slightly. Fairweather stated institutions that value research over
teaching discourage faculty to transform their teaching and use effective practices (Fairweather,
2010). Conclusions drawn from the workshops led to asking what teaching approaches are
discipline specific and what strategies can be interdisciplinary (Labov, Singer, George,

Schweingruber, & Hilton, 2009).



Call for reform in undergraduate STEM courses

In the past decades there have been a multitude of calls to reform undergraduate STEM
courses (Bybee, 2010; Fairweather, 2010; Goldberg & Harvey, 1983). “Now is the time to move
beyond the slogan and make STEM literacy for all students an educational priority” (Bybee,
2010). The calls have come from a variety of places with diverse reasons. The first major call
came from a national report titled “A Nation at Risk” (Goldberg & Harvey, 1983). A decline in
the number of students pursuing degrees in STEM programs was the main contributing factor
which led to this call. Additionally, the number of STEM graduates continuing on to graduate
school is decreasing (Fairweather, 2010).

Since these calls for reform, it has been agreed that science education is best done via
scientific teaching (ST). ST has three central facets: active learning, assessment, and inclusivity
(Couch, et al., 2015). Reaching students can be done by engaging them in their learning process
and having them partake in the responsibility of their learning. Even with agreement throughout
faculty, change has not progressively happened nor is it propelled by research universities
(Handelsman et al., 2010).

Importance of active learning in undergraduate STEM courses

Faculty implementation of active learning is important in student learning because studies
have provided evidence that implementing active learning has a positive impact on the quality
student learning (Freeman et al., 2014). In a meta-analysis of 225 studies, there was an average
increase of 6% on exam scores in active learning sections in comparison to non-active learning
sections (Freeman et al., 2014). Additionally, students in traditional lecture-based classrooms
were 1.5 times more likely to fail a course than students in a course utilizing active learning

practices (Freeman et al., 2014). Active learning contributes to students’ development of



independent learning skills and their ability to apply the content they are learning. Two
independent skills that students develop are critical thinking and problem solving (Sivan et al.,
2000). Along with increasing student learning, active learning is known to positively affect
student performance. Active learning increases exam performance whereas lecturing shows an
increase in the failure rate of students (Freeman et al., 2014). Increasing active learning could
potentially decrease the achievement gap that is frequently seen in introductory classes (Haak,
HilleRisLambers, Pitre, & Freeman, 2011).

Creating an active learning environment

A continuum of teaching styles exist in the undergraduate STEM courses with the two
endcaps being interactive teaching and traditional lecture-based teaching (Smith, Vinson, Smith,
Lewin, & Stetzer, 2014). In an active learning environment, it is imperative that the instructor
shifts the responsibility of learning from themselves to their students. One method to facilitate
this shift is known as cooperative learning. The greater the shift of responsibility, the greater the
ownership and pride the students will take in their learning and in the course itself (Ebert-May,
Brewer, & Allred, 2016).

Another factor in creating an active learning environment is ensuring there is alignment
between course goals, course outcomes, and the assessments being used to gauge them. The
application of backward design is a large component of the pedagogical approach used in active
classrooms. Backward design urges instructors to first determine what outcomes they want the
students to obtain in the course. Once the course outcomes are identified, the instructor can then
create assessments and performance tasks that will guide students towards the achievement of

those outcomes (McTighe, Seif, & Wiggins, 2004).



There are multiple active learning strategies that could be utilized in undergraduate
courses. These include but not limited to; think-pair share, clicker questions, and small group
discussions, all of which were observed during our observations on campus.

Think-Pair-Share is a strategy that can be utilized in various learning scenarios,
specifically when working on higher order thinking prompts. This strategy works in three
phases, the first being, think. The instructor starts by providing an instruction, question, or
observation that is designed to provoke student thinking. The second stage is pair, in which
students pair up and share the answers they had derived during the ‘think’ stage. If the students
had come up with different answers, they can explain their answers and decide which of their
responses they deem to be correct. The final stage is share. The instructor asks various groups
of students to share their answers with the rest of the class. If there are incorrect answers or
misconceptions that arise, the instructor is given an opportunity to address those during this time
(Robertson, 2006).

Another active learning strategy frequently used is a classroom response system (CRS).
Clicker questions are an example of CRS. During clicker questions, instructors pose a question
and provide a multiple-choice answer section. Students are given time to think about their
answer, and then they are asked to submit their answer via the CRS. Once the students have
answered, the instructor can view the results (and show them to the classroom if they choose to
do s0). Using this type of assessment can provide the instructor with real time feedback and
gauge the level of student understanding of concepts being taught in class.

Small group discussions are also utilized in undergraduate courses. Providing students
with a platform to discuss any questions/comments/concerns with their peers can be beneficial in

a multitude of ways: (1) increase in conductivity to higher-order learning and critical thinking,



(2) increase in equal participation among members of a small group versus a large group, and (3)
an increase in students overall satisfaction with discussions (Philip et al., 2011).
Perceived barriers to creating an active learning environment

Prior to creating an active learning environment, there are barriers that often lead faculty
to be apprehensive about implementing active teaching practices, regardless of whether those
perceived barriers are accurate. Perceptions about barriers can be grouped into three categories:
student characteristics, pedagogical issues, and factors directly impacting faculty (Michael,
2007). A group of faculty members volunteered to participate in a workshop that focused on
determining their perceived barriers to utilizing active learning strategies. The workshop
facilitators divided the study participants into four separate groups in order to make the group
size more manageable. There were two barriers that all four participant groups synthesized.
Those two barriers are (1) that active learning requires too much preparation time and (2) the
classrooms they teach in is not conducive for active learning implementation. Two solutions
were then proposed change those perceived barriers. The first solution was to increase faculty
development. However, it is thought such development could be ineffective due to time
constraints and limited resources. The second proposed solution was to treat teaching like a
scholarly solitary activity, suggesting, instead of teaching being viewed as a solitary activity, it
needs to be shared and discussed between peers, departments and other institutional colleagues
(Michael, 2007).

Additionally, another study derived three barriers that impeded pedagogical change
within faculty. The three barriers found were (1) lack of training, (2) lack of time, and (3) lack of
incentive (Brownell & Tanner, 2012). Focusing on a biology department, researchers looked at

three points of contention that faculty may encounter when deciding whether to participate in



educational changes. They were “(1) training cultivates a primarily research identity and not a
teaching identity, (2) scientist are afraid to “come out” as teachers, and (3) the professional
culture of science considers teaching to be lower status than research and positions scientists to
have to choose between research and teaching” (Brownell & Tanner, 2012). Because faculty
may encounter multiple barriers from a variety of sources, it can be difficult to make pedagogical
change and begin to implement active learning strategies.

Importance of peer support in pedagogical change

The effects that faculty peers can have on an individual trying to adopt new innovations
in their teaching practices is a component to be considered. Information provided by peers was
found to have significance when an individual was forming an opinion about teaching innovation
(Rogers, 2003). Additionally, faculty could more quickly form their opinions on new teaching
strategies when peer feedback is provided because they may think the experiences of their peers
will be similar/relatable to their own (Andrews & Lemons, 2015). Providing faculty with an
arena to discuss various teaching strategies is important because evidence supports that peer
input/support can influence implementing new strategies.

Faculty learning communities (FLCs) have proven to be a valuable source for peer
support and feedback within a university setting. At Miami University, cohort based FLCs
which focused primarily on teaching and learning were formed. FLCs discussion topics were
chosen based on the needs and desires of the participants. Within the FLCs, faculty were
provided opportunities to share and discuss the success, or lack thereof, of different pedagogical
techniques and strategies they have tried or want to try. If a strategy was found to be
unsuccessful, peers could provide feedback with ideas/changes to improve the strategy. Then the

strategy could be re-implemented with the hopes of a successful outcome. Additionally, FLCs
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provided peer support when trying new strategies instead of becoming deterred by unsuccessful
attempts of (Cox, 2004).
Theory of Planned Behavior

The Theory of Planned Behavior is a model used to predict behaviors/actions of an
individual and is a modified version of the theory of reasoned action. The modification (Figure
1) is the addition of perceived behavioral control to the theory of reasoned action. The
behavioral intention and the behavior (action) is impacted by the perceived behavioral control
(Madden, Ellen & Ajzen, 1992). According to the theory of planned behavior, an individual’s
motivational factors are encompassed by their intentions to influence a behavior. The two
motivational factors are (1) how hard they are willing to try and (2) the amount of effort they
plan to exert. Their level of intention to implement a behavior, such as active learning strategies
in their classroom, can be directly linked to the strength of that intent. Even though behavior is
directly impacted by an individual’s intention, it is also influenced by non-motivational factors
such as availability of opportunities and resources, which can have a negative impact on an

individual’s performance of the behavior (Ajzen, 1991).

Attitude
toward the
behavior

Subjective
norm

— Behavior

Perceived
behavioral
control

Figure 1. Theory of Planned Behavior
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Recently, a study was published that attempted to predict active teaching behaviors in
college STEM courses (Semanko, A., Ladbury, J., 2020). The results of the study showed that
an instructor’s attitude toward the behavior and their perceived behavioral control impacted their
intentions to use active learning. They also found that instructor’s intentions were a predictor of
behavior; i.e. if an instructor’s intention were high, they exhibited an increase in their active
teaching behaviors. In order to increase active teaching behaviors in STEM courses, a focus on
creating positive instructor views on active teaching is essential (Semanko, A., Ladbury, J.,
2020).

Misalignment between saying and doing

If a group of STEM faculty intend to implement active learning strategies within their
classroom, there should be a measurable difference in how their courses are taught in comparison
to traditional lecture-based taught courses. If faculty intend to implement active teaching
strategies, these strategies should be reflected in observations of their classrooms (Ebert-May et
al., 2011). However, it is suggested that what faculty say they do in their classrooms is not in
alignment with their actual classroom practices (Ebert-May et al., 2011). In the Ebert-May study
(2011), faculty attended a professional development workshop and were surveyed a year later
about their teaching practices. Results of that survey found that 89% of the respondents claimed
to have practiced a type of teaching reform that had been presented at the workshop. However,
direct classroom observations of study participants illustrated a different picture. A majority of
faculty, 75%, continued to have a lecture-based learning environment which directly conflicted
with their self-reported data (Ebert-May et al., 2011). The participants claimed to be practicing
reformed teaching, but their actions were not aligned as such; hence the misalignment between

saying and doing.
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Conditions for successful change in a course and an institution

In an extensive study about professional development which spanned across multiple
universities and departments, nine factors were found to have critical importance in the success
of changes at a classroom level and at an institutional level. These factors include: (1)
interactions between different college faculty, (2) support at the collegial and administrative
levels, (3) presence of administration, (4) whether a goal is set to be accomplished, (5)
establishing a connection to others with a similar goal, (6) building effective interpersonal skills
and the trust to facilitate change, (7) planning for cumulative change, (8) partaking in action
research, and (9) participating in a group of faculty that collaborates regularly about changes in
teaching (Sunal et al., 2001).

Project outcomes

This project aims to determine if there is a presence of a disconnect between what
instructors intend to implement and what they implement in the classroom. If there is a
disconnect present, determining the contributing factors to this disconnect is a next step. If
barriers between intent and implementation can be identified, then it is possible to combat those
barriers with future cohorts by using targeted sessions at professional development workshops
and various discussions within FLCs.

It is also plausible that faculty are unaware that their intentions and behaviors are
misaligned. Showing faculty their classroom observation data, COPUS data, could help them an
opportunity to see the misalignment, and in doing so it could potentially close the disconnect, if
there is one, between what they intend to implement and what they are implementing within their

classrooms.
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This project focuses on the direct connection between an individual’s intention and their
behavior portion of the Theory of Planned Behavior (see Figure 1). Intent encompasses
attitudes, norms, and behavioral control, all of which are mentioned in the first research question.
Focusing on intent provided a picture as to how those factors combined to influence an
individual’s behavior. If faculty intend to implement active learning strategies, that intent should

be mimicked by their behaviors.
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METHODS

Gateways ND participation

This project is compliant with the Gateways ND IRB #SM15263. Opportunity for

participation in the Gateways ND program was open to full-time faculty/staff at NDSU who

taught at least one course per year. There were 58 interested faculties that applied to the program

in Fall 2015, of which 35 were selected based on a pre-determined set of criteria. The criteria

included: high enrollment courses, lower level courses, and STEM courses. Selected participants

agreed to a two-year commitment to the program which entailed participation in professional

development workshops, faculty learning communities (FLCs), classroom observations,

completion of various surveys, and sharing artifacts from their course (Callens, V. M., et al.,

2014). For this project, data was collected from Fall 2015 to Fall 2016 (Figure 2).
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Figure 2. Timeline of study and data collection
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Research Question 1

In order to assess the effects faculty attitudes/beliefs have on what/if active learning
strategies are used in their classrooms, two different data streams were utilized; the (1) attitudes
and belief survey from Fall 2015 and the (2) COPUS data from Fall 2015/Spring 2016.
Attitudes and beliefs survey

An attitudes and beliefs survey was completed by Cohort One, the first group of
participants accepted into Gateways ND, prior to receiving any instruction at the first workshop,
and once again after the first workshop. The pre/post-workshop survey guestions were identical.
These self-reporting surveys focused on the beliefs, norms, and perceived behavioral control of
the participant and if those components impacted their implementation of pedagogical practices,
specifically focusing on active learning. The survey was adapted from an Ajzen and Fishbein
survey (1980).

A participant’s intent to implement active learning in the classroom (intent score) was
determined by their answers to four of the survey questions. These questions asked if the
participant intended to implement an active learning strategy within their classroom at some
point during the next semester (Table 1). Statistical differences between the pre- and post-
workshop intent scores were determined using a two-tailed t-test.

Table 1. Survey questions that compose intent score

Question 1 | intend to use an active learning strategy in the classroom at some time
during the next month

Question 2 | plan to use an active learning strategy in the classroom during the next
month

Question 3 | want to use an active learning strategy in the classroom at some time during

the next month

Question 4 How willing are you to use an active learning strategy in the classroom at
some time during the next month
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Evaluating classroom environments

The Classroom Observation Protocol for Undergraduate STEM courses (COPUS; Smith
et. al 2013) was the assessment tool used during classroom observations (Appendix A). The
COPUS allows trained users to observe and characterize what students and faculty do within a
class period. Program participants had their classrooms observed by trained COPUS users
(graduate students and faculty associated with the Gateways ND project). Exam days were not
included in COPUS observations because they would display an inaccurate representation of
what happens during a normal day in the classroom (Smith, Jones, Gilbert, & Wieman, 2013).

Using a previous study’s collapsed categories for COPUS codes (Smith et al., 2014), data
was pulled from Fall 2015 and Spring 2016 observations. Using the collapsed categories
provided a simplified way of looking at specific areas. For the purpose of this study, the
collapsed category focused on is active strategies of the instructor. The COPUS codes that are
combined to create the collapsed category, active strategies of the instructor, are presenting and
guiding. Additionally, the student codes for; receiving, talking to class, working, and other were
pulled from Cohort 1 COPUS observations for Fall 2015 and Spring 2016. The different
categories and their related code descriptions are displayed in Table 2 (Smith et al., 2014). The

sections highlighted orange in Figure 4 are focused on in this project.
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Table 2. Description of collapsed COPUS codes (adapted from Smith et al., 2014)

Instructor is:  Presenting (P)

Lec: Lecturing or presenting information

RtW: Real-time writing

D/V: Showing or conducting a demo, experiment or
simulation

Guiding (G)

FUp: Follow-up/feedback on clicker question or activity
PQ: Posing non-clicker question to students
(nonrhetorical)

CQ: Asking clicker guestion (entire time, not just when
first asked)

AnQ: Listening to and answering student questions to
entire class

MG: Moving through class guiding ongoing student work
101: One-on-one extended discussion with individual
students

Administration
(A)

Adm: Administration

Other (O)

W: waiting
O: Other

Students are:  Receiving (R)

L: Listening to instructor

Talking to class
(STC)

AnQ: Student answering question posed by instructor
SQ: Student asks question

W(C: Students engaged in whole-class discussion

SP: Students presenting to entire class

Working (SW)

Ind: Individual thinking/problem solving

CG: Discussing clicker question in groups of students
WG: Working in groups on worksheet activity

OG: Other assigned group activity

Prd: Making a prediction about a demo or experiment
TQ: Test or quiz

Other (OS)

W: Waiting (instructor late, working on fixing technical
problems)
O: Other

Inter-rater reliability

Observers were trained to use the COPUS by attending multiple one-hour meetings

where they viewed training videos and participated in discussions about the meaning of each

COPUS code. When COPUS training was complete, observations began. Each Cohort One

member was observed twice in Fall 2015 with observers using the COPUS. Each observation
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had at least two coders present to determine consistency however three observations only had
one observer due to scheduling conflicts. Cohen’s Kappa was calculated and used to determine
the consistency of the observational COPUS data collected between the two observers. An
observation was deemed acceptable and consistent if the Cohen’s Kappa calculated was between
0.6-1.0. If the Cohen’s Kappa was deemed unacceptable, less than 0.6, the observation was
removed from the analysis and the class had to be observed an additional time.

Fall 2015 observations served as the baseline data for this project. In Spring 2016, after
consistency among observers was shown, the observers could complete observations alone.
Several observers completed validation observations during Spring 2016 to re-check inter-rater
reliability and verify they are still falling within the accepted Cohen’s Kappa range (0.6-1) of
acceptable consistency.

Statistical analyses of the COPUS

COPUS data collected from Fall 2015 and Spring 2016 was analyzed using GraphPad
Prism 7.03. The data was compiled and compared in a multitude of ways to gain robust results
that could lead to possible conclusions of this study or provide direction for future studies.

The different comparisons completed were; 50 minute class Fall 2015 vs. 50 minute class
Spring 2016 (for both student activity and instructor activity), 75 minute class Fall 2015 vs. 75
minute class Spring 2016 (for both student activity and instructor activity), combined all student
activity and instructor activity (regardless of 50 or 75 minute class) and compared Fall 2015 to
Spring 2016, combined all student activity and instructor activity (regardless of Fall 2015 or
Spring 2016) and compared 50 minute vs. 75 minute class periods, and 50 minute vs. 75 minute
class (for both instructor and student activity correcting for the difference in time period). Time

was controlled by keeping the class lengths separate, taking the total number of occurrences per
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collapsed code and then dividing each code by the maximum potential occurrences (25 times for
a 50-minute class, 37 times for a 75-minute class), then combining the values from each semester
(Fall 2015 and Spring 2016)Multiple t-tests were used to determine statistical relationships
between these comparisons. The correlation coefficient between intent and behavior was
determined. Additionally, regression analysis with one predictor was also calculated.
Visual representation of the COPUS

Upon completion of the statistical analyses, boxplot graphs were created to provide visual
representations of Cohort 1 COPUS data. Significant differences (if present) were denoted in
each of the boxplot graphs using asterisks.

Research Question 2

COPUS data was used to provide evidence of whether faculty are or are not encountering
barriers when implementing active learning strategies, and insight into what those barriers might
be. To select a subset of participants to interview, the pre/post-workshop attitudes and beliefs
survey was utilized.
Determining a correlation between intent score and guiding codes

Looking at Figure 1, a direct correlation between a individual’s intent score and their
guiding codes (behavior) in their COPUS should be present. Using Excel, a correlation (or lack
thereof) between intent score and guiding codes was calculated. If a correlation was found, a
linear regression analysis was to be completed.
Study subset of cohort one for Research Question 2

This research question centered around a subset of Cohort One. The subset was selected
based on their pre/post-workshop survey answers which indicate the participants intent to

implement active learning strategies in January 2016. The faculty first took the survey prior to a
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Gateways ND workshops and again after receiving three days of professional development
sessions that focused on creating an active learning environment, creating course objectives, and
creating assessments to evaluate course objectives. Out of the 35 individuals in Cohort One, six
faculty members scored a maximum intent score on both surveys (7/7-100% intent to implement
active learning strategies) when asked of their intentions to implement active learning in their
classrooms.
Interview protocol

A set of questions was created (Table 3) and three ‘practice interviews’ were conducted
in order to determine if the questions were appropriate and elicited the type of responses desired
for this research. Once the questions were vetted and finalized, the subset for this study (n=6)
was asked if they would consent to an interview. Consent for interview was needed because it
was not a requirement for their Gateways ND participation. Once they agreed to be interviewed,

the interviews were scheduled (Fall 2016).
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Table 3. Questions developed for interview of study subset

Question 1 How would you describe your teaching career?
e Have you taught a variety of courses?
e Have you experienced a variety of class sizes?
e Have you taught different level courses?

Question 2 How do you approach the course you’re teaching?

o Are there influences on how you teach a course? (i.e. class size, course
level, etc.)

e Could you give examples that describe the different approaches?

Question 3  What outside factors influence your instruction decisions? (i.e. peers,
collaborators, current research?
e |f so, what is the most influential?

Question 4 Have you had any other professional development in pedagogical practices prior
to Gateways ND?

Question 5 How would you describe your classroom learning environment to a fellow
Gateways ND Cohort member?

Question 6 How would you describe an active learning classroom?

Question 7 Are there any barriers you’ve encountered while trying to implement active
learning?
e Did they detour you from continuing to implement active strategies?

***PROVIDE PARTICIPANTS WITH THEIR FALL 2015/FALL 2016 COPUS DATA***

Question 8 Do you see a change in your COPUS charts?
e Change in instructor doing?
e Change in student doing?
e What do/could you attribute any changes to?

Question 9 Do you think these accurately describe your classroom?
¢ If not, what do you think is incorrect?
e What do you do that’s not being shown?
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FINIDING AND DISCUSSION
Research Question 1
Data collected from the attitudes/belief survey and the COPUS were used to assess

if/how faculty attitudes, norms (beliefs about others’ beliefs and actions), and personal control
beliefs regarding implementing active teaching and learning strategies influence the
implementation of them. The participants in Gateways ND were volunteers, which means they
were likely receptive to change in pedagogical practices and use active teaching/learning
strategies prior to the start of the program. Participants came from different departments across
campus and taught various courses, both in level and enrollment numbers (Table 4 & Table 5).
This introduced variation within the sample of participants.

Table 4. Cohort One discipline distribution

Discipline Sciences (physics, Social Sciences Engineering  Education
biology, chemistry,  (business, political
plant science, etc.) sciences, sociology)

# of participants 18 6 10 1

Science and technology departments encompassed the majority of Cohort One with 80%
of the participants falling into those two disciplines. Additionally, social sciences had good
representation within the cohort. A criterion used for selection of program participants was the
instruction of lower level courses, however, a lot of participants instructed higher level courses
(Table 5). Each semester presented a new array of course levels participants instructed which

increased diversity and variation in the data streams.
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Table 5. Cohort One course level distributions

Course Level

# participants in

Fall 2015 (n=35)

# of participants in
Spring 2016 (n=29)

# of participants in
Fall 2016 (n=28)

100 7 5 6
200 7 8 7
300 8 7 5
400 13 10 10

The subset of Cohort One contained a varied pedagogical knowledge and previous
training/workshops which was determined during their interviews. Some participants contained
extensive professional development background while some had little to none prior to their
participation in Gateways ND (Table 6).

Table 6. Previous professional development (PD) of study subset

Participant A PD specifically for teaching strategies (one workshop)
Pedagogical luncheons/seminars (@ NDSU)

Participant B PD specifically for teaching strategies (three workshops)

Participant C N/A

Participant D PD specifically for teaching strategies (two workshops)
Pedagogical luncheons/seminars (@ NDSU)

Participant E  PD specifically for teaching strategies (one workshop)

Participant F  Pedagogical luncheons/seminars (@ NDSU)
Pedagogical oriented sessions at conferences

The desire to participate in a program such as Gateways ND is likely multifaceted.
Potential improvements and opportunities provided by the program such as increased student
performance, student development of critical skills, and a means to close the achievement gap
displayed in many introductory courses (Freeman et al., 2014; Haak, HilleRisLambers, Pitre, &
Freeman, 2011; Sivan et al., 2000) could be reasons instructors want to implement active
learning in their classroom. In January 2016, Gateways ND participants were instructed at a
professional development workshop that provided knowledge that could help create an
environment centered around active learning in their classrooms. Participants were introduced to

backward design, the importance of alignment between course objectives and assessment, and
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various methods that could shift the responsibility of learning from faculty to the student (Ebert-
May, Brewer, & Allred, 2016; McTighe, Seif, &Wiggins, 2004).

Participants’ intent was the focus of this research question because we sought to identify
influences on an instructor’s intent to implement active learning (Ajzen, 1991). Cohort One
exhibited diverse pre/post-workshop survey intent scores but calculating a two-tailed t-test

showed no statistical difference between the two samples (Figure 3. p=0.189).

Pre/post-workshop intent score

(1 Pre-Workshop Survey
[ Post-Workshop Survey

i

Iintent Score
b

[ %]
L

Figure 3. Pre-workshop/post-workshop survey intent scores for Cohort One

The lack of change in intent score between pre/post-workshop surveys could be in part to
a ceiling affect (maximum value for intent score is 7). Prior to participants beginning Gateways
ND, a majority had a very high intent to implement active learning strategies in their classroom.
Because participants volunteered to be part of this program, the intent to implement active
teaching strategies was high even pre-workshop.

Because there was no significant difference in pre/post-workshop survey intent scores
(already at a high intent score), one would expect the Cohort’s COPUS data from Fall 2015 to

Spring 2016 follow that trend in that faculty would, in fact, display in increase in active
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strategies. If faculty have a high intent to implement active strategies, it should be reflective in
their classroom observations. Using the collapsed COPUS codes described in Table 2 (Smith et
al., 2014), several comparisons were made to try and determine if there were differences between
Fall 2015 and Spring 2016 observations, specifically looking at whether length of class impacted
the implementation of active learning.

Statistical differences were found in the COPUS data from the courses that had a class
length of 75-minutes. Student activity changed in two out of the four collapsed codes. The
amount of time students were ‘receiving’ and ‘talking to class’ was statistically significant
(Figure 4B; p<0.0001 and p<0.0001, respectively). Focusing on instructor activity, there was a
significant increase in the amount of guiding time from Fall 2015 to Spring 2016 (Figure 4D,
p<0.0001). This could be attributed to a multitude of reasons. One reason could be that faculty
may have felt like they had more time and opportunity to implement active strategies. It is also
possible they learned new strategies at the January workshop that they implemented during the
spring semester. However, looking at the student activity data paints a different picture. Even
though instructors increased their guiding codes, the student activity data does not reflect that

change.
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Figure 4. A. Comparing Fall 2015 vs. Spring 2016 student activity in a 50-minute class. B.
Comparing Fall 2015 vs. Spring 2016 student activity in a 75-minute class. C. Comparing Fall
2015 vs. Spring 2016 instructor activity in a 50-minute class. D. Comparing Fall 2015 vs. Spring
2016 instructor activity in a 75-minute class.

Most participants intended to implement active teaching strategies; however, their
students are still ‘receiving’ (being talked to/at) for a large portion of their time in the classroom.
This suggests a possible misalignment between faculty intent and behavior (Ebert May et al.,
2011). Although we see students with a high level of receiving, that receiving may be a result of
student interactions (student presenting, talking to class, etc.)

There was a significant change in instructors use of guiding codes from pre-workshop to

post-workshop when looking at 75 minutes class periods. The types of active teaching strategies
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being utilized in the classroom did not change, there was simply an overall increase in the use of
these strategies (i.e. clicker questions, think-pair-share, and in class discussions).
The next analysis combined all student and instructor activity (regardless of class length)

data from Fall 2015 to Spring 2016 and compared the two semesters.
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Figure 5. A. Comparing Fall 2015 vs. Spring 2016 student activity when combining all
observations. B. Comparing Fall 2015 vs. Spring 2016 instructor activity when combining all
observations.

No statistically significant differences in student activity between Fall 2015 and Spring
2016 were found, which is consistent with the lack of change exhibited in faculty’s pre/post-
workshop survey intent scores (Figure 3). Since faculty displayed no change in their intent, it is
fitting that there was no change in student activity. Nevertheless, even with that lack in faculty
intent change, there was a significant change in their behavior, specifically their use of guiding
codes (Figure 5B. p<0.0001). This could be attributed to the exposure to active learning
strategies that Cohort One was exposed to during the first Gateways ND workshop.

The last analysis compared activities in a 50-minute class period versus 75-minute class

periods to assess changes between pre- and post-workshop implementation.
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Figure 6. A. Comparing 50-minute class vs. 75-minute class student activity when combining all
Fall/Spring observations. B. Comparing 50-minute vs. 75-minute class instructor activity when
combining all Fall/Spring observations.

Once again, the only significant difference found was in the guiding codes an instructor
used (Figure 6B, p<0.0001). Itis commonly thought that active learning ‘takes too long’, so
perhaps providing faculty with longer class periods would provide more opportunities to
implement active learning strategies (Michael, 2007; Brownell & Tanner, 2012).

Because the guiding code was found to be statistically significant, a correlation between
an individual’s intent and their guiding codes was proposed. A moderate correlation was found
between a participant’s post-workshop intent score and their COPUS guiding codes from Spring
2016 (p(xy)=0.4507 for n=29). This suggests that an individual’s intent directly influences their
exhibited behavior, which supports the Theory of Planned Behavior (Ajzen, 1991).

Because there was a significant correlation between intent and behavior, a regression
analysis with one predictor was calculated (Figure 7). An R? of 0.2 (20%) was calculated and
then a regression equation of “0.25(intent score)-0.553=predicted ‘guiding’ codes” was
determined. This means that using the intent score of a participant, we can determine 20% of

variance in all their guiding codes.
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Figure 7. Linear regression analysis of post-workshop intent score and Spring 2016 COPUS data
active codes. Each point represents the average reported intent score for each participant in
response to the four intent questions asked in the post-workshop attitudes and beliefs survey in
relation to the active codes recorded in their spring classroom observations.

When using humans as research subjects, having an R? that substantial is a rarity because
human behavior is highly variable, unpredictable, and changes frequently. In studies that have
humans as a study subject, being able to predict any amount of their actions is impressive and
substantial. If predicting participants guiding codes is possible, the Gateways ND research team
can pinpoint the participants that would be less likely to incorporate active learning strategies
and provide additional help and resources which may encourage them to change and implement
new strategies within their classrooms.

Overall, we can say that the COPUS data can be used to say that there was reformation,
to some extent, in participant classrooms from Fall 2015 to Spring 2016.

Research Question 2
The attitudes and beliefs survey was used to artificially select a subset of participants to

interview. My goal was to determine if faculty are encountering barriers when implementing

active learning strategies and what are those barriers are. Interviews could potentially lead to
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more detailed, in-depth information to support the claims of this research question. Interviews
also provided the chance to discuss teaching beliefs, teaching experiences, pedagogy, and to
provide feedback for both the interviewer and interviewee. Research question 1 exhibited that
even if faculty intend to implement active learning strategies, it is not necessarily being reflected
in their COPUS observations. If the active strategies are not being reflected in their
observations, it is plausible that Gateways ND participants are encountering barriers when
implementing active learning strategies in their classroom. If the barriers can be identified that
information could be used to help benefit other program participant’s/future members. In order
to ascertain possible barriers, interviews of the subset were conducted.

All interviews were audio recorded, transcribed and made anonymous. After thought and
discussion, using excerpts from the interviews could be more beneficial to this study instead of
coding the interviews. Grounded theory could not be used to find emerging themes in the
interviews because of the way the questions were written. The questions prompted interviewees
for specific answers, so it was known a priori what kind of answers would likely be received for
each question. Interview transcripts were given with syntax as interpreted from the audio
recordings. Diction and punctuation were adjusted based on interpretation. Questions three and
seven revealed the most insightful responses concerning support structures and barriers to
implementation which supported the two hypotheses stated in the introduction of this study; peer
support is important when implementing new teaching strategies and faculty are encountering

barriers to implementing active learning strategies.
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Importance of peer support

When asked about outside factors that influence their instructional decisions, a common
theme that emerged was their peers and their department are positive attributors to their
decisions, which supports the second hypothesis of this study.

“Yes, definitely I think that the environment in this department is really

supportive of the new and alternative techniques. And so that has really
influenced my desire to try them knowing that people feel positively toward that. ”

Participant B stated the importance the departmental environment has in affecting an individual’s
desire to try new techniques in the classroom. Knowing that their department supports new
strategies and thinks positively about them could increase faculty members interest in learning
about the new strategies and more willing to implement them. The positive environment of the
department influenced their opinion of the new and alternative strategies, which supported
previous studies (Rogers, 2003).

“You know I like to bounce ideas off of them, [ like to hear what they re doing in

their class and see whether it’s something I can directly use or something that |
can, you know, ‘Oh, I can do a similar type of activity’.”

This quote from Participant E is a good illustration of the affect peers can have on instructional
decisions. They are using their peers as a feedback tool in how they are using active learning
strategies and possibly taking said strategies and using them in their own classroom. Using an
activity developed by a peer saves the time of having to create something themselves.
Collaboration means they do not have to ‘reinvent the wheel’ which saves time and resources.
He is taking the experience of his peers into consideration when implementing certain activities
and that their experience may be similar to his own (Andrews & Lemons, 2015).

“Because all the institutions ['ve been at... were all very supportive of the active

engagement style of doing things and knew that it worked and just kind of

embraced it... [ would have wanted to do that stuff, but | don't know if | actually
would have if the whole department would have been like ‘EHH don't do that so’”
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Participant A discussed the importance of support at an institutional level when they try new
active teaching strategies (Sunal et al., 2001). They even stated that they would have thought
about not attempting the active learning strategies if the institution was not supportive of the
change from traditional lecture. Having an institution that is promoting change in the classroom
can influence one’s desire to make the change for a variety of reasons. Reasons could be to
better teach their students, or consideration of job security if they don’t go along with the
institutional push for implementing active learning strategies.

“...we give each other feedback on our teaching styles and problems we 're
having but also often kind of workshop them together. ”

The above quote from Participant C is a depiction of how peer feedback can affect what teaching
strategies faculty implement. The participant was an active member of a faculty learning
community (FLC) set up by the program which gave them an arena to have discussions about
teaching (Cox, 2004). Discussion with peers is a chance to work through any troubles they have
had implementing different strategies and gives them an opportunity to make modifications in
order to attempt it again. Peer feedback is a good way to work through issues with a strategy.
They could offer a new perspective that may not have been thought about prior to discussion.
The importance of peer support in pedagogical change found in this study is in agreement
with prior findings (Rogers, 2003; Andrews & Lemons, 2015). This provided evidence for the
need of support and positive attitude at the peer, department, and institution level when faculty
assess whether to make the change from a traditional lecture to an active learning classroom. It
was mentioned that a lack of support may keep faculty from making the change that is needed to

reform STEM education (Bybee, 2010; Fairweather, 2010; Goldweather & Harvey, 1983).
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Barriers to implementing active learning strategies

Having a subset of participants with 100% intent to implement active learning in their
classrooms but lacked evidentiary change from Fall 2015 to Spring 2016, determining possible
barriers affecting their implementation could lead to possible explanations for the absence of
change in congruence with the first hypothesis of this study. One barrier discussed in an
interview was lack of time to prepare for a class or to grade assignments.

“There are obstacles, I don’t know how obstacles are different than barriers, so

some of the difficulties are just kind of teaching prep time. Since I’'m working with

a class or different classes that I've taught for 5 or 6 years then switching it to

even more active learning then is you know prepping all new materials um

including new assessments and other things like that. So, I think that’s the main
obstacle or barrier.”

Participant F identified one barrier they have encountered, prep time (Michael, 2007). Changing
the active strategies they have been using in the classroom for multiple years would lead to the
investment of more time being invested in the preparation time. The creation of extra work and
the increased time investment could deter faculty from making the change from a traditional
lecture to an active learning classroom. Finding the time to make new plans and activities is an
additional burden to the large workload most faculty already have. This supports the claim that
time is a critical component when making instructional changes (Brownell & Tanner, 2012).

“I think time for me is the biggest barrier because it really takes a lot of time to

figure out how you're going to do an activity and what that activity is going to be.

And | think that it's hard no matter what you teach. Sometimes | think it's a little

bit harder in the upper level electives because there really isn't any stock material

that you can get. There's a lot of great stuff for entry-level material that's online

and so even for my evolution class | use some of that intro level material even
though it's sometimes a little bit simple and it doesn't work as well.”

Another interviewee touched on the difficulty of preparing new activities. She said it was easier

to try new things in a lower level course because there is a variety of stock materials already
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available. Using an activity that someone else has designed saved time because they did not
have to create their own activities (Michael, 2007).

A second barrier identified was the setup/layout of the classroom. The subset taught in a
variety of classrooms; from traditional lecture halls to SCALE-up classrooms. NDSU now has
access to multiple SCALE-UP classrooms on campus. SCALE-UP classrooms help facilitate
and encourage active learning. Students are seated at round tables with 9 chairs and the
instructor podium is at the center of the classroom. White boards, projectors, and televisions are
located all around the room which students can easily interact with. SCALE-UP makes it easier
for both students and instructors to be active by moving around, being hands on, and being
interactive with one another (Beichner et al., 2007). Multiple Gateways ND participants have
had the opportunity to teach or have taught in a SCALE-UP classroom during their 2 years
within the program.

“I feel like when they are sitting and facing each other they're much more willing

to talk to each other because they're facing each other. It was really hard before

when they were just 4 across to get them to really talk because they weren't
looking at each other.”

This is an excerpt taken from Participant B. She now teaches in a SCALE-up classroom, but
before the availability of the new classrooms, she was teaching in a traditional lecture hall
classroom. This quote illustrated that having a setup where students can easily interact with each
other makes group work easier to implement, and it makes students more willing to engage with
each other.

“Like the room I'm in is the standard kind of lecture hall. It's a nice standard

lecture hall but it's still a standard lecture hall. And I'd like to do, I think it would

be easier for students to work together on longer problems if we had space like in

the SCALE-up room where there was tables that they could collaboratively work
together rather than in kind of these fix chairs that they can't move in.”
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Participant A would prefer to teach in a SCALE-up room because he thinks it would help
students engage with each other and work collaboratively on problems. He points out the
importance of having the ability to be mobile in the classroom.

“I do think that it makes it difficult for students to get in groups, you know sit
around a table and do things.”

This quote is an example of the difficulty of teaching in a traditional lecture hall. They stated
that yes, active learning and group work can still be implemented, but the classroom setup makes
it more challenging.

A third barrier established was the student population itself (Michael, 2007). There isa
variety of students and the student body demographics change every semester (for the most part).
“Students, I mean, students definitely can be. Again, they re, students themselves

are... well your student body is quite variable, right? There’s that whole
argument against a person vs. people, right? As an individual I think it’s, you

can'’t get through to everybody but as a class, sometimes when people get
together, they just become more stubborn than when they are alone. “

This quote from Participant E is an example of issues students can present. Managing the
change in variation and diversity of students every semester means that faculty need to
frequently adjust to align with their students. Faculty D said he gives a survey at the beginning
of each semester to assess the demographics of his students and what knowledge they are coming
into the class with, but he did not think students were a barrier to implementing active learning
strategies.

“Yeah, I mean there have been classes or activities where students just don’t want
to engage.”

At some point in time during the semester, it could be assumed that most faculty come across a
day where the students do not want to engage in what is being done in the classroom. Being able
to maintain structure during those ‘days’ is important for faculty and for keeping their students

on track.
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A topic that materialized was the importance of establishing classroom culture early in
the semester, so students know what to expect. Letting students know what the expectations are
right away is important.

“I know my first class | don't do anything. I don't like to lecture, I don't like to go

over the syllabus, and I like to get the students up and moving. And, so like, if |

feel like through that you know the student’s kind of learned that from the first
class onwards because this is the way it's going to be.”

Significance of setting the classroom culture was discussed by multiple participants.
Some said they struggle with it, but they have modified their actions to show students what their
expectations are.

In contrast to the excerpts about barriers, Participant C and Participant D stated they had
not encountered barriers to implementing active learning strategies. Faculty D stated that he was
‘stubborn’ and would not let anything deter his instruction in the classroom. Faculty C talked
about setting the classroom culture and expectations right away and in doing so she had never
experienced a barrier.

To give a general summary of what was found in the interviews, Table 7 was developed.
The X’s represent the presence of said category in the interview. A blank box indicates the
absence of that category within the interview. Four out of six faculties in the subset have had
experience teaching in a variety of course levels in addition to a diversity in enrollment numbers.

The answers given by the participants about barriers and the importance or peer support
are in agreeance with previous studies (Andres & Lemons, 2015; Cox, 2004; Rogers, 2003,
Sunal et al., 2001). Gateways ND provided faculty with workshops about active learning and
created an environment to foster new ideas, discuss potential issues, and provide feedback to

faculty members along with monthly FLCs to continue the discussion of pedagogical practices.
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Table 7. General summarization of interview results. “X” indicates positive participant answer.

Participant Have taught a various Course level/enrollment Factors influence their Experienced barriers
course levels/enrollment numbers influences instructional decisions to implementation of
size instructional decisions active learning

strategies
Course Enrollment Course Enrollment Literature Peers PD
level size level

A X X X X X X X

B X X X X X X

C X X X X X

D X X X

E X X X X X X

F X X X X X X




CONCLUSIONS

According to the Theory of Planned Behavior, there are three factors that attribute to an
individual’s intent to exhibit certain behaviors; attitudes towards the behavior, subjective norms,
and perceived behavioral control. If an individual intends to do something, there should be a
direct correlation to their behavior. We focused on Gateways ND participants intent to
implement active learning strategies and their actions in their classrooms. Although most
participants had intentions to implement active strategies, that intent was not necessarily
reflected in their actions. There was no significant change in participant intent scores pre/post
workshop, but that could potentially be due, in part, to a ceiling effect. However, there was a
significant increase in an instructor use of ‘guiding codes’ which infers an increase in active
strategies being utilized in the classroom from Fall 2015 to Spring 2016. Additionally, there was
a significant correlation (p(xy)=0.4507 for n=28) found between intent score and guiding codes
in the Spring 2016 COPUS data. With the significance found, we can suggest that an
individual’s intent is significantly correlated to their behavior, which supports the Theory of
Planned Behavior.

Based on the COPUS observations, we found that there is not always an alignment
between an instructor’s intent and their behaviors when it comes to implementing active
strategies in their classroom. Even though we saw an increase in instructors ‘guiding codes’, we
did not see a parallel shift in student activity. This misalignment can be attributed to a multitude
of factors such as influences on instructional decisions and barriers to implementing active
strategies. Through interviews with a subset of Cohort 1 participants, we were able to determine

three influences on instructional decisions and three barriers to active strategy implementation.
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The three influencers on instructional decisions are peers, the department, and the
institution. Participants found that peer feedback can affect what teaching strategies faculty
choose to implement in their classrooms. Using FLCs, participants were given an arena to have
discussions about teaching strategies/methods and whether they were successful (Cox, 2004).

“...we give each other feedback on our teaching styles and problems we're
having but also often kind of workshop them together. ”

The importance of peer support in pedagogical change found within this study agrees with prior
findings (Rogers, 2003; Andrews & Lemons, 2015). Participants mentioned that a lack of
support from peers may deter them from making the change that is needed to reform STEM
education (Bybee, 2010; Fairweather, 2010: Goldweather & Harvey, 1983). The next influencer
determined is the department the faculty member is a part of. An interviewee said that the
positive environment within their department had an influence on their opinion of the new and
alternative strategies which supports previous research (Rogers, 2003).

“You know I like to bounce ideas off of them, I like to hear what they re doing in

their class and see whether it’s something I can directly use or something that |
can, you know, ‘Onh, I can do a similar type of activity’.”

Lastly, the attitude of the institution can influence faculty opinions on teaching reform and
whether a change in their teaching styles should take place which aligns with previous findings

(Sunal et al., 2001).

“Because all the institutions I've been at... were all very supportive of the active
engagement style of doing things and knew that it worked and just kind of
embraced it... I would have wanted to do that stuff, but | don't know if | actually
would have if the whole department would have been like ‘EHH don't do that so’”

Our participants identified three barriers to implementing active strategies; time,
classroom setup, and the student population. The amount of prep time can increase when
utilizing active strategies, but time was only mentioned as being a barrier by one of the

interviewees.
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“I think time for me is the biggest barrier because it really takes a lot of time to
figure out how you're going to do an activity and what that activity is going to be.
And I think that it's hard no matter what you teach. Sometimes I think it's a little
bit harder in the upper level electives because there really isn't any stock material
that you can get. There's a lot of great stuff for entry-level material that's online
and so even for my evolution class | use some of that intro level material even
though it's sometimes a little bit simple and it doesn't work as well.”

The second barrier mentioned by Gateways ND participants is the classroom setup.

“I feel like when they are sitting and facing each other they're much more willing
to talk to each other because they're facing each other. It was really hard before
when they were just 4 across to get them to really talk because they weren't looking
at each other.”

At NDSU, there are now several SCALE-UP classrooms which help alleviate some of the
physical constraints a classroom can pose (Beichner et al., 2007).
“Like the room I'm in is the standard kind of lecture hall. It's a nice standard
lecture hall but it's still a standard lecture hall. And I'd like to do, I think it would
be easier for students to work together on longer problems if we had space like in
the SCALE-up room where there was tables that they could collaboratively work
together rather than in kind of these fix chairs that they can't move in. ”
However, traditional classrooms are still the predominant classroom setup at NDSU and the
difficulty of using these rooms with active strategies was discussed by many participants.
The third barrier identified was the student population. The student population is an
everchanging variable (Michael, 2007). One interviewee described the difficulty in continuously
adapting to the students in their classrooms from one semester to the next.
“Students, I mean, students definitely can be. Again, they 're, students themselves
are... well your student body is quite variable, right? There’s that whole
argument against a person vs. people, right? As an individual I think it’s, you

can’t get through to everybody but as a class, sometimes when people get
together, they just become more stubborn than when they are alone. “

By identifying instructional influencers and perceived barriers to pedagogical change, we can
correct the misalignment between an individual’s intent to implement active strategies and their

behavior. If we can ensure instructors have platforms which support teaching reforms and help
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eliminate barriers to implementing active strategies, it will help drive the reform that is needed in

STEM education.
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LIMITATIONS

Like most research, there were many plausible limitations within this study. These
limitations include small sample size (n=35 and n=6), number of observations performed on
Cohort participant classrooms, the tool utilized in those observations (COPUS), the artificial
selection of the interview subset, and the self-selection of the participants into the program.

The first limitation was the small sample size available to work with. There was a
maximum of 35 participants teaching per semester, and during the spring 2016 and fall 2016
semesters there were numerous participants that did not teach a course, or they did not teach an
observable course. Once the participant intent score was selected as the determining factor of the
subset, only six participants were left within that subset. Having small sample sizes makes
statistics on quantitative data difficult but using interviews as a qualitative tool helps support the
findings of this study. Having artificially selected subset is also a drawback. There were no
statistics available to determine if choosing a participant with an intent score of 7 is significantly
different than choosing a participant with an intent score of 6, or 6.5. Not having justification in
support of the method used to artificially select the subset is not ideal.

Other limitations we encountered are the number of observations performed each
semester and the utilization of the COPUS for those observations. It is unknown whether two
observations of a class period within a semester (approx.16 weeks) provides an accurate
picture/dialogue of what is occurring. The use of the COPUS is highly subjective regarding the
meanings of the codes and, potentially, two observers could viewing/recording the same class
period very differently. We tried to combat this by monitoring inter-rater reliability for each
observation, but with a minimum 60% code alignment between the observers could result in a

high discrepancy between the observers. As a research group, it was agreed upon to not utilize
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the ‘student engagement’ category of the COPUS. Not using this category of codes gave rise to

the possibility that faculty are using active learning strategies, but students are not engaging with
them. Furthermore, it is possible that the COPUS was not the ideal tool for Gateways ND, as it

was designed for STEM courses. Not all of Cohort 1 participants taught STEM courses; can the
COPUS accurately capture what is happening in non-STEM courses?

Furthermore, an additional limitation is the self-selection of individuals into the program.
The participants have volunteered to be a member of the program, meaning they might already
be invested in using active learning strategies and transforming their teaching. Taking that into
consideration, this study may not provide an accurate representation of what is occurring within
the university.

Another limitation is not identifying what a ‘reformed’ classroom is. There is no
previous research that concludes what an ideal active learning classroom resembles or what the
ideal COPUS data is. Previous studies have shown that moving the responsibility of learning to
the student instead of the instructor is a way to shift from a didactic classroom to an active
classroom. Increasing active strategies is, by proxy, increasing student engagement. The data
collected in this study shows an increase in students partaking in active strategies (i.e. answering
instructor posed questions, asking the instructor questions, engaged in whole-class discussion, or
presenting to the class). This would suggest there was reform in the classrooms to some extent.
But without having knowledge of what a reformed classroom is, we are unable to explicitly say
whether reformation has occurred. So even though we saw a change from pre-workshop to post-
workshop COPUS data, we cannot say that this, in fact, shows a reformed classroom. We can

state there is evidence which supports reformation but can make no concrete statements.
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FUTURE DIRECTIONS

This study could lead to a plethora of future studies. One direction would be the
introduction of diversity within the sample and eliminate the self-selection. A randomization of
cohort participants could lead to more interesting results and classroom observations. Having
faculty members in Gateways ND that did not volunteer may be more stubborn in terms of
adopting new ideas and teaching strategies. There is potential that they could not want to change
or see the need to change their teaching practices.

It would be interesting to see the correlation between course type and active learning
methods. If correlations were identified they could be used to determine if different instructors,
courses, or departments implement variable alternative strategies. If there are strategies that are
easily modified to fit certain courses, faculty, or departments, we could use that information to
target specific audiences in future studies.

Administering a pre-program survey and post-program survey to determine what
participants know about active learning strategies would be a method of validating the Gateways
ND program. If we can show evidence that faculty leaving the program have learning gains as a
result from their participation in Gateways ND, it could be used to validate the importance of the
program, as well as illustrating the importance of making professional development workshops

and FLC opportunities available to all faculty on campus.
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BROADER IMPACTS
Gateways ND leaders could use this knowledge to inform future workshops. They could
look at what barriers their participants have been presented with and then form workshops to
help them combat the barriers. Universities are vastly different in faculty demographics and
student diversity, so knowing what our faculty community is dealing with is helpful when trying

to make a campus-wide push for changing from traditional lecture to active learning classrooms.
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APPENDIX A. COPUS CODES AND TEMPLATE

Diservation ooddes

1, Stwsdents sre Ooang

L Listening to instructor taking notes, ebe,

Ind  Indivichasl thinking/problem waking, Only mark when an instractar explcily asks students 16 think about s clicker
guestian or another question/problem on thelr osn

€3  Diecuss dicker question in groups of T or moee students

WG Waorking in grougs an workshieel activity

06  Other assigned group activity, such as responding to instructor questian

AnQ SRudert answering 8 guestion posed by the mstrector with rest of class Btening

80 Suder paks question

WC  Engaged inwihobe class discussion by offering explanations, opinion, judgment, ¢ic. to wihale class, often faciltated
by instruct or

Prd  Misking a prediction about the cutcome of dema or exgueniment

SP Presentation by studentis)]

TQ  Test orquiz

W Waing |insbructor labe, working on fring &Y problems, indtroctor gthersise occupied, oic |

o Othier — explain in comments

A Insfructos js Doirg

Lec Llecturing {presenting content, deriving mathematical results, prosenting a problem solution, ete.|

REW  Real-tme wribng on board, doc, prajectar, ebc, [often checked alf along with Lec)

Pllp  Folow-upffeedback on dicker question or activity to entire dass

PO Posing non-chcker question o students. [ran-rhatoricall

€ Asking & dicker question {mark the enbire brese Ehe insbnactar is using & chcker question, not et when Tirst asked|

An Lstening to and answering student questions with entire class listening

MG Maoving through class guiding ongoing student work during active kearning task

Lol  One-on-ore extended diecussion with cre or @ Tew indriduals, not paying attertion Bo the rest of the class (can be
akang with MG or And)|

DV Shoeing or conducting 4 deme, expeiment, simudation, wideo, or samation

Adm Administration |assipn homeveork, rebum Bests, @G )

W Waiting when there & an opporunity far am instructar to be interacting with or obserdngflstening to student or
Froup activities and the instructor & not doing so

o Other — mgolain in comments

3. Shedent Engagemant jopsional] Sudent engogement altemathes:

L Small fraction { 10-20%) shwiously ergaged, [4) fust mark when engogemsent it by o or abwows o
M Substantal fractians both clessly engaped (2] Copnt "W stoderts near pou [0 ovd gesess bow mony appear
and dearky not engaged. engaged ot every 2 minute éenal. Ender value for ol engaged
H  Large fractcn of students (B0+%] clearly inshead off LOWH WOTE what pour vilue of Nwos,

engaged in dass actiwity or Ietening o
Instructor.

Suppestions regarding cocles snd commments:
w Clarify code chaices with tomments,
s Consider mdicabing your conhidende regarding coding, especially when you aren’t sure abaut choice of codes,

HOW TO: UPSE DBSERVATION MATRIN: Puf a check umsder all codes that happen anytene in each 2 minste time period (check

multiphe codes where appropeiate). If ro codes fit, choode 20" [other) and explain in comments, Pub in comments wiwen you feel
spmething extra showld be noted or explained,

o1



[4S)

Date: Class: Instructor: No. students Arranged how?
1. L-Listening; Ind-Individual thinking; CG-Clicker 0 discussion; WG-Worksheet group work; 0G-Other group work; AnQ-Answer 0; 50Q-Student Q; WC-Whole class discuss;
Prd-Predicting; SP-Student present; TQ-Test/quiz; W-Waiting; O-Other

2. Lec-Lecturing; REW-Writing; FUp-Follow-up; PQ-Pose OQ; CQ-Clicker Q; AnQ-Answer 0; MG-Maving/Guiding; 101-One-on-one; D/V-Demo+; Adm-Admin; W-Waiting; 0-Other
For each 2 minute interval, check columns to show what's happening in each category {or draw vertical line to indicote continuation of activity). OK to check multiple columns.
copus

1. Sruders doieg 2. instructor deing 3. Engagemant |C; G muplamn defficutt rodmg choices. flag key points for feertgck for the netrucioer. ety pood
man | L | bnd | O | WG | OG |An0] S0 JWC | Prd | 5P | TR | W | O JLec |RMW | Fup| PO | OO [AnO) K85 | Tod | 007 | Adm| W L M H |arakgie, e

[=]

0-X

L d | O | W | OG |AnO) SO | WC | Frd | 5P | T2 | W O JLec | RAW | Fup | PO | ©O | AnO) MG | o8 | D0 | Adm | W

[=]

L [ bd |[CO WO |06 [Aa0) S0 |WC P | 8P | T3 | W | @ Jlac |RM | Fup | PO | OO |As0) MG | Tof | DV [ Adm| W | O M|H
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€9

1. L-Listening; Ind-Individual thinking; CG-Clicker Q discussion; Wa-Worksheet group work; 0G-Other group work; AnQ-Answer 0; $Q-Student Q; WC-Whole class discuss;
Prd-Predicting; SP-5tudent present; TO-Test/quiz; W-Waiting; 0-Other

2. Lec-Lecturing; REW-Writing; FUp-Follow-up; PQ-Pose Q; CQ-Clicker O; AnQ-Answer 0; MG-Moving/Guiding; 1ol-One-on-one; D/V-Demo+; Adm-Admin; W-Waiting; 0-Other

For each 2 minute interval, check columns to show what's happening in each category (or draw vertical line to indicate continuation of activity). OK to check multiple columns.
pagn 2

1. Studisis diisg 2. inshrietor desng 3. Engagement [¢
min) L | bd |CO| WG ) OG |As0) 50 |WC | Frd | SP | TG ) W | O JLec | RNV Fup ] PO OO A0 WG| ot | Qi jAdn) W | ©
30.-
az

EG anplain difficuht coding choicas, Tag iy 2oints Tor Dagdbgoh 100 Che erloe, afantify good
LMo enalogie s

EH

34

EL

az

aa

ab

If you would like 1o have a protecel sheel that extends beyond 50 minutes, pleasa check the lollowing wabsite: www cwsei ube calresourcas/COPLUS him or contact the comesponding
author (michells k smith @maine edu) for a modifiable spreadshast.




APPENDIX B. ATTITUDES/BELIEFS QUESTIONS THAT COMPOSE INTENT

SCORE

Inlenbions

[ frterd L engage m stadent-Taculty inleraction at some towe during the pext month.”

1 2 i i 5 3] T
Strongly Slighaly Netrher Sligrhely Sirongly
Disagres IDhisagres Disagres Agree Agree Agree

| pfnm 10 @mpape in 3[|.|.dq:.|1[-!|'u.-'.'|.|.|l:.r mieraclion for the next month.

1 2 3 4 5 & 7
Strongly Klighaly Netther Sligrhely Sirongly
Disagres Dhisagres Disagres Agree Agree Agree

How seillimg are you to engage m student-Gacully dnleraction al some e dudng the next
muinth?

UNWILLING 1 4 3 4 3 £ T OWILLING
extremely  quite  slightly  neither  shghly  guie  extremely

[ want o engage in student-lfaculty inleracton_al somse dme dureng the next msonth.

1 2 i 4 5 & T
Srongly Kighaly Neither Shigrhify Krrmngly
Disagres Drisagree Disagres Agree Agree Agree
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