Examining the Implementation and Impact of Reflective Practices in
Engineering Courses: Insights from Faculty and Teaching Assistants

Abstract

This paper explores the implementation and impact of reflective practices in engineering courses,
as perceived by faculty members and teaching assistants (TAs) who integrated these strategies in
their Spring 2023 course offerings. Reflection provides a valuable opportunity for students to
enhance their learning process and become more self-aware of their strengths, weaknesses, and
overall progress. This study aims to investigate the experiences and perceptions of instructors
who employed reflective practices and gain insights into the effectiveness and challenges
associated with their implementation.

The qualitative research design employed for this study involved conducting in-depth interviews
with faculty members and TAs from two engineering disciplines, civil and environmental
engineering, and biological systems engineering. These reflective practices encompassed six
reflections over the semester, all aimed at promoting metacognition and fostering meaningful
learning experiences. The interviews were structured to elicit detailed information regarding the
perceived usefulness of reflective practices, the strategies employed, the perceived impact on
student learning outcomes, and any observed challenges encountered during implementation.
Preliminary results from interviews with three faculty members and three TAs highlighted the
diverse ways in which reflective practices were integrated into engineering courses. Common
themes emerged concerning the perceived benefits, including student and instructor growth,
better self-regulation skills for the students, deeper learning, and enhanced critical thinking
skills. Moreover, instructors found that these strategies could foster a more productive learning
environment and improved student-teacher communication. However, challenges included time
constraints, student resistance, and off-topic reflections. Faculty members and TAs stressed the
importance of clear guidelines and scaffolding to optimize the effectiveness of reflective
practices and mitigate these challenges.

The findings from this study will contribute to the scholarship of teaching and learning by
providing empirical evidence on the successful implementation and positive outcomes of
reflective practices in engineering education. This study also pinpoints valuable
recommendations for instructors seeking to implement reflective strategies effectively.
Additionally, the insights gained provide a foundation for further research and discussion
regarding the integration of reflective practices into alternative STEM disciplines.
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Introduction

Reflection is highly beneficial for both students and instructors in the engineering classroom [1].
For students, reflection promotes self-directed learning and enhances their self-awareness of their
strengths, weaknesses, and overall progress in achieving the learning objectives. Research has
shown that students who were trained to reflect on their work outperformed those who did not
have a similar opportunity [2]. For instructors, reflection allows for valuable insight into



students’ learning processes, the identification of students’ needs, and the opportunity to make
necessary adjustments to their teaching methods for improved student outcomes.

Based on Boud et al.[3], we define reflection as follows: "reflection is a generic term for those
intellectual and affective activities in which individuals engage to explore their experiences in
order to lead to new understandings and appreciation" (p. 19). This definition emphasizes that
reflection helps individuals review, contemplate, and assess their experiences with the intention
of refining their skills and gaining a more profound comprehension of those experiences [4].

Despite the importance of reflection, there is a paucity of research on the effectiveness of
reflexive practices in engineering education courses and the challenges encountered in their
application [5]. Moreover, prior literature has indicated that the formal incorporation of
reflection in the engineering classroom remains rare [6]. As a result, this study aims to
investigate the experiences and perceptions of instructors who have employed reflective practices
in engineering disciplines, seeking to illuminate the effectiveness of these methods and identify
the challenges encountered in their application. By doing so, this work will contribute to the
existing literature on reflective practices and provide insights into how instructors can improve
their teaching methods in engineering disciplines [2], [5].

Background

Reflection is a critical component of the learning process, enabling students to self-direct their
own learning and practice habits of lifelong learning [5]. In the field of engineering education,
the introduction of reflection is gaining attention [6]; however, there are few strategies available
for its implementation“ [7], resulting in sporadic use across the field.

Scholars emphasize the importance of structured reflection practices in the engineering
classroom. ‘Schén [8] lcontends that reflective practice is crucial for professionals to develop the
capacity to solve complex, real-world problems. Moon [9] suggests that reflective learning
should be integrated into the curriculum to enable students to make connections between
theoretical knowledge and practical applications. Dewey's [10] work on reflective thinking
supports this approach, highlighting the need for active and persistent consideration of one's
experiences for meaningful learning.

Reflection is operationalized within the engineering classroom using various activities. To
implement reflection effectively, Boud, Keogh, and Walker (1985) recommend incorporating
structured reflective activities such as journaling, group discussions, and portfolio assessments.
These activities provide students with opportunities to critically evaluate their experiences,
identify assumptions, and gain deeper insights into engineering principles. Additionally, Hativa
and Goodyear (2002) propose that educators should create a supportive environment that
encourages open dialogue and self-assessment, fostering a culture of continuous improvement in
engineering education. Turns et al. [11] created a platform known as The Reflective Learner, an
environment designed to facilitate reflection through essays. Though essays are the most
common reflection activities, portfolios, surveys, reflective discussions, and other techniques
have all been used to operationalize reflection in the engineering classroom [6].
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Literature has investigated students’ perceptions of reflection, specifically focusing on their
understanding and appreciation for it as a lifelong learning skill. Csavina et al [5] found that
students primarily view reflection as an opportunity to look back upon the past. A small portion
of students saw it as an opportunity to inform future decisions, implying that most view
reflection as simply an instructor-assigned activity as opposed to a useful life skill [S]. Senior
students were far more likely to have positive associations with reflection than second-year
students, meaning these perceptions can and will change over a curriculum. The data collected
and analyzed in this paper is from a larger NSF-funded project on reflection centered on better
understanding how reflection can develop students’ ability to employ metacognitive strategies at
a deep level over the course of an engineering degree.

Methods

This study aimed to answer the research question: How do instructors and teaching assistants
(TAs) describe the experience of implementing reflection in the engineering classroom?

Setting and Participants

To answer this question, we employed a qualitative research design centered upon in-depth
interviews with three faculty members and three teaching assistants (TAs) at a large, midwestern
R1 university who taught or supported four courses within two engineering disciplines, civil and
environmental engineering, and biological systems engineering, in Spring 2023. These
disciplines were strategically chosen based on the principal investigators’ home departments as
proposed in the larger study from which this research is a part. 115 students participated in the
reflection activities. The study was conducted in accordance with ethical guidelines and has
received approval from the Institutional Review Board (IRB) of the University. The study
protocol underwent rigorous review by the IRB to ensure the protection of participants' rights,
safety, and confidentiality. Measures were implemented to uphold ethical standards throughout
the research process, including obtaining informed consent from all participants and ensuring the
secure handling of data. As part of a larger student-on-reflection integration into engineering
courses, we asked each instructor to incorporate at least six reflections over the semester, all
aimed at promoting metacognition and fostering meaningful learning experiences.

Data Collection and Analysis

Borrowing from the ‘Cunningham et al. [12]\ framework, each reflection asked students to answer
three questions:

1) What is one difficulty you are (or were) most concerned about? Be specific. Include a
description of how you know (or knew) you are (or were) having this difficulty.

2) How have you tried to overcome this difficulty? Include a description of how your
approaches have been successful or unsuccessful and what you learned.

3) What is your plan to further address this difficulty? Include an explanation of why you
believe your plan will help. Or, if you were successful in addressing this difficulty,
discuss how you might use these approaches to address future difficulties.
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Students were asked to focus on a difficulty related to the course content in each of the six
reflections.

At the end of the semester, instructors and TAs from each course were interviewed about their
experience integrating reflection in their course. The interviews were semi-structured and were
designed to elicit detailed information regarding the perceived usefulness of reflective practices,
the strategies employed, the perceived impact on student learning outcomes, and any observed
challenges encountered during implementation.

All interviews were transcribed and cleaned. Thematic analysis by Braun and Clarke [13] was
then used to identify salient themes across all the interview data collected. Specifically, we began
by familiarizing ourselves with the data through repeated readings, followed by generating initial
codes that captured key concepts and ideas, and then organizing these codes into potential
themes, which were refined and reviewed until the final themes emerged.

Findings

Four themes captured the insights from faculty and TAs on the impact of their reflection
instructional practices in their courses during the spring 2023 semester. These include: (1)
growth, (2) varied understanding of reflection, (3) importance of instruction, and (4) difficulty
giving and using feedback.

Theme 1: Growth

We define growth as indicators that instructors are beginning to see that reflection has the
potential to improve outcomes for both themselves and their students. This theme highlights the
difference in the mindset of the participants before and after implementing reflection in their
courses.

First, instructors highlighted their own personal growth in seeing how the students’ reflections
were instrumental in helping them review and revise their teaching practices. Specifically, they
were able to focus on what the students noted as missing or unclear. One instructor explained:

If there is a certain homework problem that a lot of people made a comment about in the
reflections, we could talk about that.” (12)

In other words, instructors used students’ reflective responses to refine their teaching activities or
make necessary changes to the curriculum based Students’ reflections allowed the instructors to
have a better understanding of the areas in which students may be struggling.

Second, participants acknowledged growth in students’ metacognition and thinking about their
learning. The instructors and teaching assistants believed that reflection in the engineering
classroom helped students think more about their learning and how they were using their time.
One instructor shared their experience:



“being able to ask them, like, “do you feel confident in the problem?” so like the calculation
part, and it's almost always yes. So I said. “then why are you spending time on that? Is that a
good use of your study time? ” and it's like a light bulb moment for them of like, no, it's not. And
so I think, through the reflection process. There was more conversation about how to learn in
the class versus what to learn in the class.” (12)

Through reflection, students were able to decipher their own thinking to pinpoint what they are
missing in the material, one instructor? even referring to it as a “light bulb moment.”

Third, instructors and TAs perceived students to have improved their time management skills.
Participants indicated that initially many students were reflecting on their struggles with time
management and scheduling their activities appropriately. However, the impact of reflecting on
their homework allowed students to discover their weaknesses and they become better at
managing their time and their expectations. One instructor said:

“So I learned, at least from this class that time management is a big thing for students. So
with their reflections most of the time they’re able to recognize that they’re having an issue
managing their time, causing them to start working on our homeworks late. And that'’s where
they found, I guess, the most trouble. If they could figure out why they weren 't doing well, it was
generally they found that they just were putting things off to the last minute.” (12)

Fourth, instructors also perceived growth in the students’ abilities to control and be accountable
for their own understanding of the course content:

"[ think it was one of my better semesters, and I'm not sure if it was part of integrating reflection,
and the student’s having a lot of more like accountability for their own learning versus seeing
me as the one that was in charge of their learning."” (12)

Fifth, results revealed that instructors and TAs were able to leverage the use of reflection in the
classroom to improve themselves in terms of development of new research skills. This was
particularly true for TAs who were involved in research in their graduate degree. They learned
how to be intentional and specific in their use of libraries and in developing better writing skills.

One TA explained:

"I think I have better research skills. You know, sometimes I don t know what I'm looking for in
an activity or I'm just going with the flow...but now I'm able to kind of think critically and draw
out some patterns from what I'm seeing from what I'm observing, you know.” (TA2)

As this comment illustrates, the teaching assistant became better at researching and synthesis
because they were able to analyze the responses from the students to draw out patterns and
observations.



In sum, students, instructors, and teaching assistants all experienced growth through the
implementation of reflection activities, highlighting the multi-faceted nature of the benefits
reflection can provide in the classroom.

Theme 2: Varied Understanding of Reflection

The second theme that emerged was centered around a varying understanding of reflection. This
includes both the value or purpose of reflection, as well as cultural influences that may impact
this perception of value. Both instructors and TAs expressed their concern about students not
understanding the purpose of reflection:

"Reflection is I think the main thing and they don't see the end goal because it's not really
attached to any engineering concept that they have. As an engineer, you already have a very
practical mindset, so you are like “why am I talking about my feelings?" (11)

Others emphasized that students felt the reflections were repetitive:

"[ think it starts getting kind of not redundant per se. But students get a little bored because
they're doing it over and over and over again, and they don't always see the value in it." (13)

When asked to explain why they think students do not see the value in reflection, several
participants mentioned the role of culture:

"Reflection is something people don't like to do because you need to sit there, quiet your mind,
forget about everything that is going on or the twenty things that you have to do and then think
and that is something that western society is not used to doing. We don't do meditation; we don't
do any perspective type of thinking. So, it’s not a cultural thing; it'’s not an instructional thing, so
it's something that is going to be hard for them to achieve, so we have to be mindful of that.”...
(12)

“I think that's probably a bigger cultural shift in how we educate people and it's probably a
big shift for them, because they haven't really thought of this before. But also the willingness to
think about it isn't there. It's like they don't want to think about thinking they just want to do it
and be done. It's almost like a larger cultural issue within the way we educate, like you said."

13)
These instructors note how our culture does not prioritize reflective practices, leading to students
placing less value on the reflection activities. Many participants emphasized the importance of

good instruction in surmounting this barrier.

Theme 3: Importance of Instruction

Throughout the conversations with the instructors and TAs, the importance of good instruction
came up frequently. This theme primarily helps us understand best practices for incorporating
reflective prompts into the curriculum and helping students understand its importance and
implications for future applications. In fact, emphasizing the importance of reflection was



something most instructors planned to improve the next time they implement reflection in their
courses:

"I explained the importance of reflection...that it is something you take with you... they didn't
really grasp it...so I need to figure out a better way of connecting that to them where it's
relevant." (12)

Many of the instructors recognized that one of the challenges that affected the responses of the
students was due to them not explaining the essence of the reflection prompts properly. They
claimed that while they spoke about it, they felt they could have done better in terms of
integrating the reflection prompt as a seamless part of the students' assignments. One instructor
felt that if they had done this, it would have helped the students respond better to the reflection
assignments. This is illustrated in their interview:

"I think where I might have, where I failed, is to not only let them take the lead on it, but to
really integrate it more, not only in the grading part, but in the assignment part and talk about
it more than I did. I did talk to them a few times, I did reinforce it a few times, but really make it
seem like seamless part of their assignments..." (12)

One of the participants explained the purpose of using rubrics to clarify expectations in a formal
manner. Rubrics can also provide more context for the reflective prompts, which may help the
students as they answer the prompts. Several participants echoed this sentiment:

"they need to be guided" (TA2)

"the other thing that helped was the rubric...rubric provided that initial guidance." (TA2)
"Have clear instructions when they are reflecting, reflect on what has happen in the course."”
(TA2)

These quotes all reveal that getting quality responses from students heavily depends upon giving
clear instruction and scaffolding the experience throughout the semester.

Notably, the importance of instruction was emphasized not only in the classroom, but also
outside the classroom to properly prepare instructors and TAs for implementing reflection:

"I think one thing I found useful was guidance, too, because I wasn't- I didn't have experience
with it, so I had a senior colleague that kind of put me through, you know. Gave me the pre-
orientation and explained and actually gave me a task to do. “Okay...tell me what you think
about this reflection.” And 1 did that, she corrected me and from there with practice, I got better.
Meet your other colleagues that are doing it and try to get more understanding about it." (TA3)

For this participant, the orientation they received from a senior colleague helped them improve
their grading and understanding students’ responses. This interaction with the senior colleague
also helped them give better feedback to the students on how the students could improve their
learning and future application for the course outcomes. Simply put, students, instructors, and
TAs all need quality instruction to make reflection valuable in engineering courses.



Theme 4: Difficulty Giving and Using Feedback

Finally, the fourth theme that emerged centered on the difficulty of giving feedback, the reasons
for which are multi-faceted. These reasons mainly included a lack of time, clarity, and context.

A primary cause of the difficulty participants experienced while giving feedback on reflections
stemmed from a lack of time. Instructors, in particular, expressed their desire to read through
each reflection to understand what students were having difficulty with, but found that skimming
was often their only option due to time constraints:

"[ think I probably could have more time to look at them. I skim through them, but I don't
always have the time." (13)

Though many instructors shared that reflection has the potential to help them stay in touch with
students’ experiences in the classroom, thoroughly reading the reflections (especially for large
courses) takes a significant amount of time, a resource that is already strained for many
instructors.

Instructors and teaching assistants alike both expressed frustration with the lack of clarity in
student reflections:

"...things are not really organized when they express themselves. They want to rant. Lack of
specificity. Too vague. (TA2)

Beyond clarity, instructors also emphasized that the reflections were often off-topic. Though the
reflection prompts asked students to reflect on a difficulty directly related to recent course
content, many focused instead on more general study or professional skills:

“Something that we saw a lot was there were a lot of logistical things of like *

1 need to manage my time better.” Like, what are you struggling with? ...so it wasn't related to
the course content, but more like the logistics of being a student in a class or being a student
in general.” (11)

This made it difficult to provide helpful feedback, which is a critical part of effective reflection
in the classroom. In fact, while many instructors planned on discussing common difficulties that
came up in reflection in their lecture, many were unable to do so due to the off-topic nature of
the reflections.

Another reason cited for difficulty giving feedback stemmed from a lack of context on the part of
the TAs. Many instructors chose to have their TAs grade the reflections, which became difficult
for those TAs who were unable to attend class themselves:

"[ think one think that would have helped was to be involved in that maybe to just have a feel of
what their class is like, because while I was giving feedback, I'm giving feedback as a, what will
I call it, third party - I don't know anything about the course. So, I'm only able to use my



knowledge of engineering to kind of figure out what's going on...So probably being in one or two
classes that they will reflect upon would have helped to guide them appropriately.” (TA2)

TAs that were involved as graders only expressed difficulties connecting with the material that
was not fresh in their minds. Though familiarity with the material is a common requirement of a
TA, responding to reflections requires a deep understanding of the course material.

Discussion

The results of this study coalesced into four themes: (1) growth, (2) varied understanding of
reflection, (3) importance of instruction, and (4) difficulty giving and using feedback. Our
findings are consistent with literature that states incorporating reflection into teaching is
beneficial to both the instructors and students. Reflection helps students become better self-
regulated learners [14] is crucial for the identification of areas of improvement, the consolidation
of new knowledge, and the application of insights gained to future situations, ultimately
enhancing the overall learning experience. Our study also highlights the multi-faceted nature of
the growth that occurs to reflection. Aside from student improvement, reflection can lead to
improved communication between the instructor and students [15] and enhanced research skills.

Realizing these benefits depends upon clear instruction and scaffolding. Many students may
come into the classroom with different beliefs about reflection, its importance, and its usefulness
in engineering. Providing explicit instruction on the benefits of reflection for metacognition and
lifelong learning [16] may help in ensuring students understand the importance and impact of
quality reflective practices. Rubrics, along with appropriate scaffolding [17], can help ease
students into reflection and provide clear guidelines for what is considered acceptable. The
expectations for responses to the reflective prompts should also be reiterated to the students
regularly so they are able to connect what they have learned to what the reflective prompt is
meant to address.

Our results are also consistent with the challenges that many instructors face when implementing
reflection in the engineering classroom. At the top of this list are the experiences of both the
instructors and the TAs is the difficulty when giving feedback on student reflections. Feedback is
key to achieving self-regulated learning, an objective which most instructors expressed as a key
objective of incorporating the reflection into the classroom; hence, it is important that
engineering instructors can set apart adequate time and resources to ensuring that students are
given effective feedback, characterized by intentionality, ease of understanding, and relevant
comments [18]. If done properly, students can grow from the feedback and continuously improve
their reflective practices. Instructors must also collaborate effectively with their teaching
assistants in giving feedback on reflection prompts. It is important that TAs are on board with the
expectations of the instructors for the quality of students’ responses. This encourages synergy
between both parties and ensures that the gap experienced at times between the instructor’s
expectations and the students' responses is bridged [19].

Despite the challenges the participants highlighted, it was clear from the interviews that
reflection can be beneficial in the engineering education context. It is evident that with the right
training and implementation, students can grow and leverage the use of reflection to achieve



lifelong learning. For this reason, we recommend that “reflective practices can and should be
taught — explicitly, directly, thoughtfully and patiently” [20].

Recommendations

The following summarizes our recommendations for incorporating reflection into the
engineering classroom based on this study's findings, several of which align with
recommendations provided by Aronson [21].

Emphasize the value of reflection in the classroom. Be clear to students and TAs why
reflection is important, both in the course of interest, and in life more broadly. Employers need
lifelong learners who understand how to direct their own learning — this should start in the
classroom.

Ensure instructors and teaching assistants have proper training on reflection. Deriving the
benefits of reflection in the classroom is dependent upon the instructional team having a good
foundation in the value, importance, and implementation of metacognitive practices.

Use detailed rubrics. To be successful, students need to understand what constitutes quality
reflection. Providing and using detailed rubrics encourages transparency and equips students
with one tool that sets expectations for quality.

Allow ample time for providing feedback. To improve students’ metacognitive abilities,
detailed feedback on students’ reflection responses requires time to read and interpret. Ensure
adequate time and resources are allocated for proper assessment.

Limitations

The study presented in this paper has certain limitations inherent to qualitative studies that
should be acknowledged. First, the study relied on a small number of instructors and teaching
assistants from one university in the midwestern United States. Findings from this study are not
generalizable to all contexts in which reflections may be implemented. Second, the use of
interviews as the primary data collection method could introduce responder bias, as participants
may feel compelled to provide socially desirable answers. Nonetheless, despite these limitations,
the study provides valuable insights and a rich understanding of reflection implementation in
engineering courses.

Conclusion
In conclusion, this study examined the implementation and impact of reflective practices in

engineering courses through in-depth interviews with instructors and teaching assistants. The
findings demonstrated participants’ valuing of reflection in enhancing student learning and self-



awareness. The results highlighted instructor and TA identified common benefits such as
personal and student growth. However, instructional challenges were also identified, including
time constraints and student resistance. The study emphasizes the importance of clear guidelines
and scaffolding to optimize the effectiveness of reflective practices. Future work will include
more data collection along these lines as a part of the larger NSF grant geared towards
incorporating reflective practices into engineering education. Overall, the findings contribute to
the scholarship of teaching and learning and provide valuable recommendations for instructors.
Furthermore, the study lays the groundwork for further research on the integration of reflective
practices in other STEM disciplines.
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