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PAPER

Catalyzing Change in Engineering Pedagogy: The Role 
of Workshops, Modules, and Reflective Implementation

ABSTRACT
This paper presents the implementation of a professional development program that aims 
at enhancing instructional practices to foster student-centered teaching approaches among 
engineering faculty at two universities in Pakistan. The program was guided by the theoretical 
perspective of enactivism and involved an initial three-day workshop, online modules, and 
reflective implementation assignments. The paper provides a detailed account of the program’s 
framework, design, and evaluation. The research questions addressed are: What are the per-
ceptions of faculty members regarding (a) the benefits of the program topics and (b) changes 
in their actions as a result of the program? Likert-item survey instruments with retrospective 
items were analyzed using descriptive statistics and paired t-tests. As the program moved 
from being required to voluntary, participation was declined. Faculty who participated in this 
engineering pedagogy project reported positive attitudes and significant growth in utilizing 
student-centered strategies. The three-day workshop was perceived as the most beneficial of 
the components. The module was perceived to be of the highest benefit when focused on writ-
ing effective questions for high-level thinking. All the pre-to-post retrospective items showed 
statistically significant increases, with the two largest being the use of student response sys-
tems (SRS) and the focus on big ideas in teaching. The combined approaches show promise 
for faculty who persist in long-term professional development projects, catalyzing changes in 
perceived value and the implementation of active learning techniques.
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pedagogy, engineering education, student response systems, higher-level thinking, big ideas, 
question-asking, discrepant events, professional development

1	 INTRODUCTION

In recent years, engineering programs have undergone significant curricular 
transformations to better align with the evolving needs of future engineers [1–3]. 
These changes go beyond mere content outlines, aiming to foster active learning 
among students. While tangible aspects such as syllabi, assignments, and readings 
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reflect these curricular revisions, their successful implementation relies on intangi-
ble factors, including the faculty’s knowledge, abilities, and attitudes. Consequently, 
faculty professional development often focuses on these areas, aiming to optimize 
curricular enhancements. It is widely recognized that research-based curricular 
reforms, coupled with effective professional development, can greatly contribute to 
meeting the demands of future engineers.

Within the realm of university faculty professional development, there is a growing 
emphasis on fostering creativity through reflective, research-informed, and iterative 
practices. Published accounts that detail engineering curricular changes, along with eval-
uative research findings, can serve as valuable resources for other programs. Research 
and program descriptions suggest that active learning techniques (ALT) can improve 
student learning outcomes. However, there is a relative scarcity of published literature 
specifically addressing professional development programs designed to enhance ped-
agogical practices among engineering faculty. Engaging in scholarship related to the 
professional development of engineering faculty can help identify successful program 
components while promoting reflection and interactive improvements.

This paper aims to describe a professional development program implemented 
with engineering faculty at two universities in Pakistan. The primary objective of 
the program was to equip faculty members with student-centered pedagogical tech-
niques that would enhance their implementation of revised curricula. The overall 
research question addressed is: What are the perceptions of faculty completers on 
(a) the benefits of the program topics and (b) changes in their actions as a result of 
the program? Descriptive statistics and paired t-tests of survey items address faculty 
completers’ perceptions and changes in actions. The article provides an in-depth 
account of the program’s design and implementation, along with a presentation and 
discussion of the collected data.

2	 LITERATURE REVIEW

2.1	 Active learning techniques in engineering education

Learning is an active process that requires both attention and critical thinking. 
While traditional lecture formats, supported by board notes or slide decks, can capti-
vate student attention and foster thoughtful engagement, there is a diverse range of 
instructional methods specifically crafted for lecture classes that can further elevate 
student engagement, attention, and critical thinking [4–6]. These methods are part of 
the broader reform efforts in engineering education [7–8], driven by student-centered 
approaches and facilitated through the use of active learning techniques.

Rather than completely replacing lectures, an attainable objective is to supple-
ment them with ALT, moving beyond the passive act of students merely listening 
and taking notes. These techniques encompass various approaches, such as facil-
itating brief dyad or small group discussions and incorporating student response 
systems (SRS). For the purposes of this research, ALT is operationally defined as 
methods used during a lecture to actively involve students in content-related tasks, 
surpassing traditional note-taking [9].

2.2	 Benefits of active learning

Multiple studies have demonstrated the benefits of ALT over traditional 
lecture-based approaches in terms of student learning outcomes. A meta-analysis 
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of 225 studies focusing on undergraduate STEM (science, technology, engineering, 
and mathematics) classes revealed that ALT implemented during scheduled lec-
ture periods led to greater student engagement and achievement compared to 
lecture-only methods [10]. Further supporting evidence from Pascarella and 
Terenzini’s [11] research underscores the impact of instructional approaches on 
student engagement and knowledge acquisition. Additionally, active learning tasks 
have been found to enhance positive student emotions [12].

Numerous methods contribute to student-centered approaches and active 
learning. Astin’s research highlights that student-student and student-faculty inter-
actions have the greatest impact on student academic and personal development, 
surpassing even curriculum factors [13]. This suggests that enhancing instructional 
techniques can amplify the benefits of curriculum development.

Active learning may benefit students by improving their attention span. Research 
indicates that the number of students taking notes declines as lectures progress [14], 
leading to decreased retention of information in the latter part of the lecture. 
Distractions such as clock-watching, texting, and unrelated homework further 
hinder student attention [15].

Lectures have been dominant in higher education [9], [16]. Lectures can be effec-
tive at introducing content to students [17]. Improving them doesn’t mean remov-
ing them; faculty who teach through lectures are not necessarily luddites. Multiple 
approaches can be useful, and lectures can be effective at introducing concepts, 
providing appropriate levels of detail and context for courses, and motivating 
students [18].

2.3	 Slow changes

In a survey of engineering department chairs, which may have favored higher 
perceptions of student-centered practices, disparities were observed between 
awareness and adoption rates [4]. While surveys indicated that 82% of faculty mem-
bers were aware of ALT, only 47% had adopted it, and 29% did not practice any 
form of ALT. In a modest-sized study involving engineering educators at Canadian 
universities, nearly 95% of the surveyed instructors indicated that their primary 
instructional approach consists of delivering lectures [19].

The slow pace of change in adopting active learning techniques has prompted 
speculation. The topic can be divisive, with some faculty strongly advocating for 
alternatives to traditional teaching methods, while others view active learning as 
just another passing educational trend [5]. Specific concerns, such as covering course 
content, loss of control in large lecture halls, fixed desks, and student resistance, 
have been well-documented [20–22].

Despite the challenges, improving instructional practices may be more feasible 
to implement than curricular reform, as it often relies on individual professors’ 
decisions. Promoting change may involve developing highly specific interventions 
that are perceived as manageable and not overly difficult to implement [10].

2.4	 Professional development for engineering educators

Faculty practices are the most important means for potentially affecting changes 
in student learning and motivation [23]. Numerous professional development 
(PD) initiatives within university settings have been created to offer educators 
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opportunities for enhancing their teaching techniques [24]. Although universities 
typically provide PD programs that address many disciplines and general teaching 
strategies, instructors have shown a preference for PD programs tailored to the spe-
cific requirements of their field [24]. More research in this area needs to be conducted 
for STEM faculty [25]. More specifically, engineering educators have indicated that 
they find non-targeted PD programs less directly relevant to their engineering-spe-
cific contexts. This has resulted in decreased participation in instructional develop-
ment workshops and other educational growth opportunities [19]. Modules have 
been shown to be effective tools with engineering students [26–27], and engineering 
educators to promote reflection and changes in approaches [28].

Changes to student-centered teaching are not always straightforward and 
easy [29–30]. A complication for implementing instructional change is that univer-
sity faculty frequently feel unprepared for their initial instructional roles [31–32], 
report that their graduate studies were not adequate in this regard [33], and begin-
ning engineering instructors have even been described as “well-intentioned gifted 
amateurs” [34]. Faculty in “hard” sciences, such as engineering, frequently report 
using fewer active learning methods than those in other fields [35–36].

There are trends with engineering faculty spending more time understanding 
active learning, using more ALT in their teaching, and increasing active learning in 
their lectures [37], but the implementation percentages remain low [38]. Professional 
development efforts focused on increasing active student learning have had success. 
Attending a workshop on teaching had one of the strongest statistical correlations 
with implementing ALTs [39]. ALT did not replace lectures, but the practices were 
incorporated into a lecture-style teaching environment [40]. From their research, 
Borrego et al. [4] conclude that professional development that helps faculty mem-
bers incrementally adopt ALT and describes how to gain student acceptance is 
more important than just describing the innovation and its benefits. Modules can 
streamline the professional development process, making it more efficient and 
consistent. Faculty members can access specific content and resources as needed 
and are generally viewed positively by faculty [41]. For many of these reasons, a 
report by the American Society for Engineering Education (ASEE) [28] recommends 
career-long professional development to facilitate effective learning environments. 
Combinations of lectures, research tasks, classroom interactions, and new assess-
ment strategies may be key to transformative engineering education outcomes [42].

3	 THEORETICAL BACKGROUND

Enactivism, a learning theory that emerged from several theories and philosophies, 
provides more robust insights into “how our lived experience, the embodied nature 
of knowing, shapes what we know or how we can come to know” [43, p. 108]. The 
theory moves past the limits of often unstated assumptions of “knowledge-as-object,” 
where knowledge exists external to individuals and groups and can be stored and 
transferred as though it were a physical or virtual object. Definitions are a useful 
example of seeking an objectification of knowledge, yet useful definitions are those 
that seem to be agreed upon but are often subjective. Further, knowing is often 
tacit rather than explicit; it cannot be expressed or can only be expressed in limited 
ways. Thus, a more useful construct is “knowledge-as-action.” Brown and Cole [44] 
describe this as performative “knowledge as doing,” with equivalent words, which is 
also expressed as “doing is knowledge.” Thus, in a professional development milieu, 
knowledge is linked to effective behavior.
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As a full-sensory experience, learning is influenced by observations, emotions, 
actions, and culture [45]. In addition to cognition, our realities are created as selective 
observations. From this perspective, “the learner is shaped by the multitude of lived 
experiences from her history—she does not see the world as it is, she sees the world 
as she is, or rather as she has become. Consequently, this embodied understanding 
has the potential to shape, enable, or limit her learning” [43, p. 108].

Actions in the environment help to transform the individual, but these actions may 
transform the environment as well. This co-emergence can occur between interacting 
systems, such as humans, a culture, and an environment [45]. A conversation as a 
co-emergence analogy: We shape the conversation, but the conversation shapes us [46].

While the diverse aspects of enactivism can be chaotic, there are important appli-
cations for research professors and their teaching, where research competes with 
teaching for time, actions, and thoughts. Most engineering faculty have not received 
formal training in pedagogy as part of their doctoral work, and their pedagogical 
repertoire was obtained through action. Thus, their pedagogical knowledge is not 
knowledge as an object but knowledge as an action [47]. Based on their teaching 
experiences, interactions, and the culture of the department, their pedagogical 
knowledge may be unformulated, intuitive, or instinctive. Formulated knowledge 
from readings, peers, supervisors, and outside experts may catalyze change and 
be enacted. These changes in teaching change the learning environment. Selective 
and subjective observations of implemented changes by professors may have a cas-
cading effect on evaluating the changes, with implications for cognitive knowledge, 
intuitive/unformulated knowledge, and emotions [48]. The interplay of experiences 
and current pressures leads to possible outcomes of accepting and improving the 
changes or rejecting of the changes. Although the system is complex and many 
aspects are unmeasurable, unraveling aspects can help us deepen our understanding 
of transforming instruction, according to research professors.

4	 PROFESSIONAL DEVELOPMENT DESIGN

The professional development program, titled AIM (advancing instructional meth-
ods), consisted of three components (see Figure 1) that began at the start of the cal-
endar year and ended in the summer of the subsequent year. There was an initial 
three-day workshop that was presented as a requirement by faculty supervisors. This 
was followed by optional online, interactive modules, which were complemented with 
reflective implementation assignments. An enactivism framework ran through the 
experiences. In the workshop, professors experienced the techniques as if they were 
students; the modules induced reflection and written responses on how techniques 
could be applied, and the assignments required implementation in their teaching.

The three-day workshop was designed for participants to experience ALT meth-
ods as first-year learners and then think about them as educators. The software 
Socrative was used as a classroom response system, and a variety of discrepant 
events were used to help them experience how they can be engaging, promote 
discussion, and enhance learning. The following topics were addressed:

•	 Less is more. The purpose of this topic was to shift the focus from presenting all 
the facts to an emphasis on big ideas, using the information, and engineering 
thinking. This is essential to helping faculty feel like they have time to implement 
ALT by presenting less. The faculty then worked together to consider big ideas for 
their courses.
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•	 Higher-level thinking. This topic promoted discussions about using high-level 
questions to engage students and promote higher-level thinking. Faculty then 
worked together to generate questions.

•	 Questioning techniques. Methods to maximize student thinking and communica-
tion by all students when asking high-level questions were explored. The faculty 
in small groups practiced asking questions with adequate wait time and having 
multiple students respond before they did.

•	 Assessing and engaging. During previous topics, the use of classroom response 
systems with Socrative and Plickers was modeled with faculty engaging as stu-
dents. The faculty were then led into the nuances of the approaches as instructed.

•	 Predict explain and test explain (PETE) method and discrepant events. During 
previous topics, the use of discrepant events with the predict, explain, test, 
and explain phases was molded for faculty. This led to discussions of alternate 
conceptions and discrepant events that could occur in engineering education.

•	 Scholarship for teaching and learning. This topic focused on how developing 
teaching methods can be used in presentations and publications. The idea is that 
improved teaching and research on the approach can be scholarly output. This is 
important as ALT can take time, but if it benefits both teaching and scholarship, 
more faculty may invest more time.

Fig. 1. The three components of the AIM Program

The interactive online modules, created with Articulate, were designed to deepen 
understanding of the three-day workshop topics. The five modules, each drawing 
from existing educational literature and research as its foundation, were as follows:

Writing Effective Questions for High-Level Thinking

•	 Questioning Techniques for Higher-Level Thinking
•	 Classroom Response Systems: Using Socratic
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•	 PETE Method and Discrepant Events
•	 Scholarship for Teaching and Learning

There were three reflective assignments for the program.

•	 A document showing ten lectures, divided into five assignments, the big ideas 
in each lecture, and two higher-level questions designed to be incorporated into 
the lesson

•	 Student Response Systems Document showing questions incorporated into four 
lectures, along with student polling results and professor analysis

•	 Predict explain test explain method and discrepant events document with two 
professor scripts for demonstration, activity, or thought experiment using the 
PETE method.

5	 METHODOLOGY

Engineering faculty from two research-intensive universities participated in 
this study. The first (University A) is consistently ranked by the Higher Education 
Commission (HEC) of Pakistan in the top three overall universities in Pakistan, and 
the second is smaller and lower ranked, but its engineering program is ranked by 
HEC in the top ten [49]. Participation was documented during the period of the 
program. This was assessed via attendance at the workshop and then via module 
and assignment completion. Participants who agreed to participate in the research 
completed a pre-survey with items from the Faculty Survey on Teaching, Learning, 
and Assessment [50], helped establish the needs and characteristics of the group. 
A mid-survey was completed after the three-day workshop regarding participants 
perspectives about the workshop. Participants completed a post-survey after the 
six-month implementation. The survey used Likert-items that ranged from strongly 
disagree (1) to strongly agree (5). Participants were also asked to evaluate the useful-
ness of the topics presented. Open-ended questions were provided for participants 
to elaborate on their responses and to delineate the program’s strengths and areas 
in need of enhancement. To reduce response-shift bias—where participants over-
estimate knowledge, abilities, or behavior prior to an intervention—retrospective 
survey items were included [51]. Likert survey items were analyzed with descriptive 
statistics, and retrospective items were analyzed with paired t-tests, and thematic 
analysis was used on open-ended items.

6	 RESULTS

6.1	 Demographics and context

Eighteen faculty members completed the presurvey, establishing context for pro-
fessional development and study. Seventeen listed their highest degree as a doctoral 
degree and one as a master’s degree. 15 indicated they were male, and two indicated 
they were female. Table 1 shows the responses for the largest class taught and the 
smallest class taught within the last year. No class had more than 100 students, and 
only one had more than 51 students.
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Table 1. Class sizes of participants

Within the last year… Largest Class Taught Smallest Class Taught

Range # of Responses Percentage # of Responses Percentage

Less than 10 students 0 0% 6 33%

10–25 students 1 6% 7 39%

26–50 students 16 89% 5 28%

51–100 students 1 6% 0 0%

101-more students 0 0% 0 0%

Faculty responses to an item (regarding your own preferences, do your interests 
lie primarily in teaching or in research?) about teaching and research are presented 
in Table 2. Table 3 shows how the faculty self-report spending their time during a 
typical week during the semester.

Table 2. Teaching and research interests of participants

Items # of Respondents Percentage

Primarily in research 0 0%

In both, but leaning toward research 17 94%

In both, but leaning toward teaching 1 6%

Primarily in teaching 0 0%

Table 3. Faculty reports of time spent during a typical week

Items 1 Hour  
or Less 2–4 Hours 5–10 Hours 11–15 Hours 16 and 

More Hours

Teaching (including class time, grading, lab, preparing for class) 0% 0% 13% 38% 50%

Research (activities leading to a product) 6% 19% 25% 25% 25%

Scholarship/professional growth (expanding your knowledge 
of the field

13% 38% 31% 19% 0%

Institutional service (committees, administrative duties) 0% 19% 13% 38% 31%

External service (including professional organizations and 
civic projects)

38% 25% 19% 19% 0%

 Professional consulting for pay 81% 13% 0% 6% 0%

Education committees (including thesis and examinations) 13% 31% 38% 19% 0%

Student advising 13% 0% 63% 19% 6%

6.2	 Mid-survey

There were 33 participants in the workshop, 18 from one university and 12 from 
another. Three of the participants identified as female and 30 as male. The mid-survey 
was administered after the three-day workshop to obtain participants’ perspectives 
about the workshop. It consisted of five responses, Likert items (1 = strongly disagree 
and 5 = strongly agree), and open-ended responses. 19 faculty members completed 
the survey, and the items are presented in Table 4.
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Table 4. Participant perspectives of three-day workshop

Items Avg SD % A or SA

Instructions given were consistent with stated objectives. 4.53 0.41 100%

Teaching methods were appropriate for subject matter. 4.58 0.77 94.74%

Contents of instruction were relevant and appropriate. 4.26 0.81 89.47%

The workshop met the stated objectives. 4.26 0.99 89.47%

The workshop enhanced my professional expertise. 4.32 1.00 89.47%

 The learning outcome will be advantageous to my role. 4.42 0.96 94.74%

6.3	 Levels of participation

The participation rates declined during the program period. There were 
33 participants who attended all three days and completed the mid-survey. There 
were 22 professors who completed at least one module or assignment, with 13 
completing at least half. The five big ideas and high-level question assignments had 
100% completion by these 13 professors. The module on scholarship in teaching 
and learning and the PETE Sheet and Discrepant Events assignment had the lowest 
completion rate (77%). Nine participants completed all the assignments, attended 
the final online workshop, and answered the post-survey questions. Two faculty 
members were from University A and seven from University B.

6.4	 Post-survey

The most valuable survey for this analysis was the post-survey, administered as 
an anonymous Google Form. The questions were composed of Likert items and were 
divided into the following three sections: (a) perceived benefit of PD topics; (b) per-
ceived benefit of modules; and (c) retrospective pre- and post-test items to ascertain 
perceived changes as a result of the PD. There were open-ended questions for par-
ticipants to explain their answers to (b) and to describe aspects of the program they 
perceived to be strong and where improvements could be made.

Table 5 shows the responses to the prompt, “How beneficial were each of the 
following for your professional development?” The responses ranged from “not 
beneficial at all” (scored as a 1) to “very beneficial” (4). The three-day workshop 
was viewed as the most valuable, followed by the online modules, while the SRS 
assignment was viewed as the least valuable.

Table 5. Perceived benefits of program components

Items Avg SD % A or SA

Three-day workshop 3.89 0.30 100%

The online modules 3.67 0.45 94.74%

The PETE sheet assignment 3.33 0.77 89.47%

The Student Response System assignment 3.22 0.75 89.47%

The Big Ideas and Higher-Level Question Assignments] 3.67 0.46 89.47%
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Participants were asked to identify modules that were most and least beneficial. 
They were able to select none, one, or more than one. For the most beneficial, all 
respondents selected at least one, with three respondents selecting more than one. 
For least beneficial, seven selected one item and two did not select any. The results 
are shown in Table 6. The least valuable topic was using discrepant events and the 
PETE method. The reason suggested for this being least valuable was that it was per-
ceived that the discrepant events were best used with fundamental science concepts 
and not with advanced engineering concepts.

Table 6. Relative benefits of modules

Items
Number Selecting

Most Beneficial Least Beneficial

Writing Effective Questions for High-Level Thinking 5 0

Classroom Response Systems 4 1

Questioning Techniques 3 1

Scholarship of Teaching and Learning 2 1

PETE Method and Discrepant Events 1 3

The most valuable module topic was writing effective questions. In the open-
ended questions, the value was explained by two professors as follows:

“The writing effective questions for higher level thinking module helped me 
changing the pattern of my questions from simple recalling to analysis, evaluation 
and synthesis-based questions.”

“I observed that when I prepared lecture with BI [big ideas] and HLQs [high 
level questions], students remained focused and they tried to think of possible 
answers, which helped to deepen their understanding of the topic. In this way 
I could easily deliver the concept of the lecture.”

Retrospective pre- and post-test items were used to explore participants’ perspec-
tives of the changes that occurred. The items are matched, and means, standard devia-
tions, mean differences, and T-values for paired T-tests are reported in Table 7. The final 
section of the post-survey had items that began with the stem: “As a result of my par-
ticipation in AIM.” Participants used this prompt to answer the items shown in Table 8.

Table 7. Two-tailed, paired t-test for retrospective items

Item Mean SD Mean Diff
t-test, p =

1a.	Before AIM, how often did you focus on big ideas during 
your teaching?

1.44 0.47 MD = 2.89

1b.	After AIM, how often did you focus on big ideas during 
your teaching?

4.33 0.45 p < 0.000001

2a.	Before AIM, how often did you ask higher-level questions 
during lectures?

2.78 0.87 MD = 1.78

2b.	After AIM, how often did you ask higher-level questions 
during lectures?

4.56 0.47 P = 0.001224

(Continued)
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Item Mean SD Mean Diff
t-test, p =

3a.	Before AIM, how often did you use good question asking 
techniques when asking questions during lectures?

2.00 0.89 MD = 2.44

3b.	After AIM, how often did you use good question asking 
techniques when asking questions during lectures?

4.44 0.47 P = 0.00008

4a.	Before AIM, how often did you use a Student Response System 
such as Plickers or Socrative?

1.00 0 MD = 3.00

4b.	After AIM, how often did you use a Student Response System 
such as Plickers or Socrative?

4.00 0.77 P = 0.000006

5a.	Before AIM, how often did you have students make 
predictions in class?

2.44 1.11 MD = 1.56

5b.	After AIM, how often did you have students make 
predictions in class?

4.00 0.63 P = 0.000736

4a.	Before AIM, how often did you conduct activities that would 
lead to outputs in the Scholarship of Teaching and Learning?

2.22 0.75 MD = 0.78

4b.	After AIM, how often did you conduct activities that would lead 
to outputs in the Scholarship of Teaching and Learning?

3.00 0.45 P = 0.023197

Notes: N = 9, degrees of freedom = 8, all mean differences are statistically significant.

Table 8. Respondent perspectives of participation outcomes

Items
As a result of my participation in AIM, I think… Avg SD % A or SA

I use more student-centered strategies. 4.56 0.50 100%

I find more joy in teaching. 4.44 0.50 100%

I’m a more innovative educator. 4.33 0.47 100%

My students like my classes more. 3.78 0.79 77.87%

Students are developing important abilities during my classes. 4.56 0.50 100%

Students are deepening their learning. 4.56 0.50 100%

7	 DISCUSSION AND CONCLUSIONS

This study explored engineering faculty perspectives on the effects of a long-term 
professional development program promoting the use of active learning methods 
in their teaching. Acknowledging the inherent intricacy of student motivation and 
learning [52], it becomes apparent that the pedagogical expertise of engineering 
faculty, along with their integration of educational methodologies, is even more 
intricate [53–54]. Pedagogical knowledge is a component of this complex system 
that encompasses students, groups, classrooms, colleges, universities, communities, 
and cultures [55]. From the enactivism perspective, this knowledge evolves and 
is best understood through perceptions and actions within the teaching-learning 
environment. While direct instruction holds importance in engineering educa-
tion, there are potential benefits for faculty exploring methods to enhance active 
learning [56].

Table 7. Two-tailed, paired t-test for retrospective items (Continued)
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Engineering faculty members who are involved in teaching, research, and ser-
vice face significant time constraints. Among the respondents, 94% of faculty partic-
ipants expressed interest in both teaching and research, but their research activities 
took priority and they had major service requirements. Implementing changes in 
teaching takes time [57] and thus can be an impediment to change.

Interpretation of the results of this study requires the understanding that the 
three-day workshop was required for faculty, while participation in the remain-
der of the program was not. The three-day workshop had 33 full attendees, with 
13 professors completing the remainder of the program. There were no fiscal incen-
tives for program participation or completion. To be sure, one limitation of the study 
might be that the program had a high attrition rate. The transition from a required 
to a voluntary program, however, created different circumstances that are beyond 
attrition. There is a long history of engineering faculty reluctance to participate in 
teaching workshops [58]. So, a positive interpretation is that about one-third of the 
faculty voluntarily opted into this long-term program.

These completers reported increases in using SRS, asking higher-level ques-
tions, using good techniques in question-answering, and having students make 
predictions. A perceived increase in focusing on big ideas may have helped them 
allocate time to ALT. An increased focus on the scholarship of teaching and learning 
may be a sustainable path for constant improvement and sharing.

The results align with the findings of Gormaz-Lobos et al. [59], suggesting that 
faculty develop positive attitudes towards workshops aimed at enhancing engineer-
ing pedagogy. Faculty members who persisted in this program likely possessed what 
Henderson et al. [60] refer to as an “impetus for change,” driven by internal motivation. 
The assignments led to actions that influenced the teaching-learning environment, 
and the perceived relationships among variables were influenced by professors’ past 
experiences. As faculty members reflected on their practices, they reported the most 
perceived growth in utilizing SRS, emphasizing big ideas, and employing effective 
question-asking techniques during lectures. Workshop topics highly valued by par-
ticipants included writing effective questions for higher-level thinking and imple-
menting classroom response systems. The use of discrepant events in engineering 
classes was not highly valued, possibly due to the limited academic work describing 
the utilization of phenomena in this manner within engineering courses.

All program completers agreed or strongly agreed that they were employing 
more student-centered strategies and experiencing greater joy in teaching as their 
students deepened their learning and developed important abilities. The positive 
emotion suggests that the professors felt in control and valued the implemented 
activities and the results [61]. These faculty may become what Middleton et al. [23] 
refer to as brokers, important in social networks and more powerful because they 
are in the same departments. Brokers “are largely considered critical for the dif-
fusion of innovation, as they provide validation of the efficacy of new strategies 
independent of the school’s administration or the faculty champions who may lead 
professional development” (p. 11).

Knowledge-as-action is an important tenet of enactivism. Faculty who implemented 
these techniques experienced significant growth in their perceived development. 
Enacted approaches change the teaching environment, and observations can rein-
force the changes and catalyze more exploration. A minority of faculty leading a 
charge for change is consistent with other faculty development programs [23]. Perhaps 
these changes are best explored with highly committed faculty members who can 
iterate approaches and share them with more hesitant colleagues. Brickhouse [57] 
found positive effects of faculty collaboration on teaching practices.
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Overall, this project suggests that experiences and actions can catalyze changes 
among engineering faculty in their perceived value and use of active learn-
ing techniques. The combination of face-to-face workshops, online modules, 
and reflective implementation practices shows promise and deserves further 
attention and support. Future research can explore these methods of produc-
ing knowledge-as-action and also explore how a minority of faculty brokers may 
influence departmental teaching cultures.
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