
Paper ID #41328

Board 204: Barriers and Supports to Divergent Thinking in Engineering
Problem-Solving: An Engineering Student Project Experience

Shannon M Clancy, University of Michigan

Shannon M. Clancy (she/they) is a Ph.D. candidate in Mechanical Engineering at the University of
Michigan. She earned a B.S. in Mechanical Engineering from the University of Maryland, Baltimore
County (UMBC) and an M.S. in Mechanical Engineering from the University of Michigan. Her current
research focuses on idea development and ideation tools, divergent thinking, and engineering curricular
practices and culture. Her research interests include front-end design practices, sociotechnical knowledge
and skills in engineering, and queer student experiences in engineering. Their work is motivated by
their passion for and experiences with inclusive teaching and holistic mentorship of students, seeking to
reimagine what an engineer looks like, does, and who they are, especially for queer folks, women, and
people of color, through empowerment, collaboration, and co-development for a more equitable world.
Shannon is also a Senior Graduate Facilitator and Lab Manager with the Center for Socially Engaged
Design.

Dr. Shanna R. Daly, University of Michigan

Shanna Daly is an Associate Professor in Mechanical Engineering at the University of Michigan. She
has a B.E. in Chemical Engineering from the University of Dayton and a Ph.D. in Engineering Education
from Purdue University.

Dr. Colleen M. Seifert, University of Michigan

Colleen M. Seifert is an Arthur F. Thurnau Professor in the Department of Psychology at the University
of Michigan. She received her Ph.D. in psychology at Yale University. She was an ASEE postdoctoral
fellow at the University of California âC” San Diego
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Barriers and Facilitators to Divergent Thinking in Engineering
Problem Solving: An Engineering Student Project Experience

Abstract

Engineering requires innovation to solve complex challenges. Creative solutions require
divergent thinking– the consideration of multiple alternatives– in addition to ultimately
converging on a single correct solution. Few studies have focused on the impact of engineering
education, structures, resources, and environments on students' exploration of divergent options.
While often considered during design concept generation, divergent thinking can be pursued
throughout engineering projects– when building an understanding of a problem, gathering
information and considering stakeholders, choosing problem solving strategies, evaluating
possible solutions, and predicting implications of decisions. This narrative study describes one
student’s experience in an open-ended project, highlighting barriers and themes related to project
structures and environments. We identified varied influences on divergent thinking during the
student’s engineering processes, such as mentor guidance and support of exploration, the
participant's knowledge and skills, scholarly research, and material resources. These findings
suggest attention to structural support as well as resource accessibility and availability for
divergent thinking may be effective in encouraging divergent practices during open-ended
problem solving. The narrative serves as a tool for educators, students, and practitioners,
emphasizing the importance of environments and structures in promoting divergent thinking
practices in engineering.

Introduction

Engineers can help address societal problems through the development of innovative
sociotechnological solutions [1]. Common in an engineers’ training is learning mathematical and
scientific methods, where there are often specific, detailed processes, and problem sets that
converge to a “right” answer [2], [3]. Engineering training also includes skills to navigate
open-ended problems, such as a design challenge, where there is not a single right answer.
Through these open-ended engineering projects, there are opportunities for engineers to navigate
ambiguity and consider multiple options. However, there is often little structure and guidance to
support engineering students in engage in divergent thinking– the exploration of multiple
perspectives, options, or alternatives [4]---during this work, for example, to take risks, consider
multiple perspectives or disciplines, and explore many solution pathways [5], [6].

Given current pedagogical limitations of tools and resources to facilitate divergent thinking
throughout a problem solving process in engineering education, the goal of our work was to
understand current environmental and structural factors that influence engineering students'
engagement in divergent thinking during open-ended problem solving. In this paper, we focused
on one student’s experience to dig into the complexities of her project, surroundings, and
decisions and leverage the power of storytelling. By examining factors that influence engineering
students’ engagement in divergent thinking, the outcomes of this work can support instructors in
proactively structuring projects, structures, and environments to promote students’ divergent
thinking.



Background

Divergent thinking in engineering education has predominantly focused on the generation of
solutions. A common ideation goal is to generate as many ideas as possible [7], and various
tools, such as such as Design Heuristics [8], Morphological Analysis [9], and TRIZ [10], exist to
support the diversity of these ideas and to overcome early attachment to a single idea [11], [12].
While divergent thinking is important in ideation, it is also important to multiple other aspects of
problem solving. For example, problem exploration includes considering different possible ways
to focus the problem definition based on information gathered [13], [14]. In addition to divergent
thinking informing possible solutions and possible problem understanding, divergent thinking is
beneficial throughout a problem solving process, such as determining what information to gather,
what stakeholders could impact or be impacted by project outcomes, what problem solving
strategies to use, and what implications might occur for potential decisions.

Divergent thinking can be beneficial to open-ended problem solving in many ways, and the
extent of this divergence can be influenced by external environments and resources [15]. For
example, giving students options of activities and choice agency, incentives for risk taking, and
providing flexible directions and listening to and affirming ideas of students by mentors or
teachers can cultivate supportive climates, all of which are important for creativity [16], where
divergent thinking plays a major role in more creative outcomes [17], [18]. Scaffolded and
structured divergent thinking tasks grounded within a discipline such as engineering, rather than
just general training, with explicit guiding instruction can boost problem-solving capabilities
[19], [20].

Greater evidence through stories or other methods of successes and failures of divergent thinking
within engineering contexts can help build critical thinking skills, diversity of thought, and
engage in engineering in new ways. Divergent thinking studied within an industry setting has
been shown to be beneficial for engineers to know how their work in their specific context fits
within larger systems and with decisions and specifications rooted in that context [21]. Stories
and reflection have been used to develop engineering literacy through contextual awareness for
sociotechnical problem solving [22], [23], [24] and creative engineering skill building more
largely [25], [26]. Given this, having stories that are useful for students, faculty, and even
practitioners to reflect on barriers and promoters of divergent thinking in engineering may help
foster encouraging environments, provide contextualized support and resources, and be an
educational tool for more creative outcomes.

Methods

The goal of this work was to describe in depth and contextualize barriers and facilitators of
divergent thinking for one engineering student. We selected one student to provide an outcome
that read as a narrative or story, which serves as both a research deliverable as well as an
education deliverable to support instructors in facilitating divergent thinking.



Data Collection

We collected data through an interview with one student to use for a narrative. The interview
data for this study was drawn from a larger data set collected as part of a project about
mechanical engineering students’ and practitioners’ divergent thinking experiences in
engineering problem solving. The interview with the student participant for this study was
semi-structured and conducted via Zoom. The interview protocol was grounded in an
open-ended engineering project selected by the participant that they perceived as successful.
After describing the project in detail including timeline, team members, goals, etc, the participant
selected two areas of exploration within a problem solving process from a list: problem
understanding, research and information gathering, problem solving strategies, potential
solutions, and project implications. More detail about the interview protocol development and
piloting process has been documented in a previous conference paper [27].

The participant we focused on for the study described in this paper was chosen for the rich
comprehensive description provided, enabling us to demonstrate multiple, diverse examples of
barriers and facilitators of divergent thinking. We use the pseudonym Evelyn for the participant,
and more information about her is provided in the narrative below, so her information can be
kept with the rest of the findings when presented as an educational tool. In her interview, she
selected to discuss divergent thinking within problem understanding and problem solving
strategies as the most relevant areas she explored in her project.

Data Analysis

The interview was recorded, transcribed, and de-identified for analysis. The first author and a
research assistant read through the transcript and wrote detailed memos, following qualitative
best practices [28]. These memos included notes describing the participant’s experiences and
example quotations, questions, potential factors that impacted her divergent thinking, and
whether these factors were barriers or facilitators to her divergent thinking. These interpretations
we made are based in the context of the situation we know because of the in-depth discussion
that was had during the interview. These interpretations were discussed with the co-authors and
iterations were made on the findings until agreement. We chose to analyze and write the
participant’s experience as a narrative to 1) root the findings in the context of her project and 2)
elucidate the intersecting influences of her environment on her experiences based on the
resources, people, and structures she had available and had to navigate in her problem solving.
Narratives are important tools to illustrate inherent complexities and understand important stories
in engineering education environments and research [29]. This narrative illuminates different
aspects to divergence, and barriers to it, for one student including troubleshooting as a process
for divergence, gathering information from various sources, trying different problem solving
strategies, leveraging knowledge and experience of mentors and others, and reflections on
divergence.

Narrative

Evelyn was an Asian woman and a senior in mechanical engineering at a large Midwestern
research intensive university at the time of the interview. She had multiple internship experiences



within the defense and aerospace industries and was involved in various research experiences
and a manufacturing engineering project subteam within the college of engineering. She
described her most recent internship project focused on updating sensor equipment to improve
technician assembly and transportation time as well as reduce bulk on the system.

During her initial work on the project, the plan was for her to design, develop, and test a new
sensor enclosure. However, she found an issue with overheating of the sensor that was
unexpected both by her and her mentor. Her mentor then encouraged her to explore this issue
further. This prompt to explore the unexpected problem provided Evelyn an opportunity to apply
divergent thinking in troubleshooting the problem:

“I remember when some of these issues started, specifically when the printed circuit
board (PCB) started overheating, I immediately turned off the equipment and I had
written down all my observations to see what exactly was going on, if there was smoke,
which there was, if there was a specific time after things were running, and then I had
reviewed those observations. And then from there, I had decided that I needed to take a
step back and check what was going on. So I had checked if this issue would repeat itself.
I had a couple different spares of this setup anyway. So I had swapped them out over and
over to see if the issue repeat itself, whether it was just a pure issue...or just one defective
component. And unfortunately it was definitely an issue because all of them had been
experiencing the same issue that somehow never got caught before in other tests.”

In discovering this sensor issue, Evelyn took a step back and thought widely of how to approach
her work: leveraging observations, testing multiple devices, and asking herself multiple
reflective questions about the system and her process to explore the problem at hand and
understand what was going on. She explored her options first before jumping directly into a
conclusion as an initial key step to divergent thinking in her problem solving.

Evelyn also explained her feelings of uncertainty and ambiguity around this problem during her
exploration given her limited knowledge and experience with circuits, both limiting her ability
and pushing her to explore more herself and leverage others’ knowledge:

“It was definitely a mechanical side of thinking at first, is it on my end? Because from
what I heard, it worked before it got into my hands. And then when I realized there was
no way it couldn't have been, I started looking into the electrical side, which I knew was
a little scarier for me, because I just did not have that experience. I didn't know 100%
what I was doing. So I think it definitely got a little more intense as I tried going into a
field that I felt like... it was kind of when they told me, ‘You can work on it and let us
know what you see.’ I felt it was blind leading the blind of, I really don't know what I'm
looking at. But I think I definitely... it was definitely helpful for me to at least try to
understand it. And when I realized I couldn't, because it was just something I wouldn't
understand in time, something that definitely felt it would take multiple courses to
understand. I had just showed it to other electrical engineers.”

Given Evelyn only had one circuits course, she was struggling in the beginning of her problem
solving to know how to explore the issue further, at first creating a barrier to her divergent



thinking and how to proceed. Through reflection, she recognized an opportunity to take initiative
to gather more information she had access to and more experienced circuitry knowledge of
electrical engineers around her, facilitating her divergent thinking in later stages.

Evelyn explored multiple different problem solving strategies in parallel during troubleshooting:
reduce overheating and explore the underlying issue. Evelyn took initiative to further her
circuitry knowledge given her engineering education did not provide the depth she needed for
this problem.

“I was running it at different current inputs…put it in a different orientation and see what
was causing this specific component to just get so hot. And because I knew that my circuit
knowledge was very limited because we only had really one circuits course, and it wasn't
as intensive, or it wasn't as involved as it should have been to prepare me for this project.
I had to also take a step back and read about general circuitry, why certain things
overheat, how you could reduce that. And then when I couldn't figure out why it was
overheating, I was also simultaneously, which probably wasn't as efficient, but I figured
I'd do it anyways, look for how to keep it from overheating while I was trying to also
diagnose issues since at that point...”

Evelyn combed scholarly papers to gather a diversity of information about the issue in addition
to running different types of tests with the sensor in different orientations, current levels, and
other various inputs for the sensor, engaging in divergent thinking in her problem solving. She
sought to explore her options through testing the PCB in fourteen different ways she and other
engineers could think of with the time and resources they had to diagnose the overheating issue.

Mentorship was helpful in guiding her exploration by working with her to create a systematic
plan and thoroughly explore the issue before trying to fix it:

"It was a lot of me learning to take a step back and not just jumping headfirst into
assuming, ‘Oh, this is the issue. Let's fix it from here.’ And it did take a couple engineers
to come up to me and tell me like, ‘Hey, you need to take a step back because what you're
trying to do is too many things at once, and you need to prioritize. Do this first before
doing that kind of thing. Don't look into the issues and how to mitigate it before
completely diagnosing the issue, so we can figure out if this is something really... fixing
its roots of how bad it is and how we can even take it out, or if it's gonna mess up
everything.’ So it's a lot of that.”

In this case, multiple mentors recommended she step back from convergently deciding the issue
and encouraged her to continue considering different reasons the problem was happening. From
supervisor guidance, he helped her write down a course of actions, things to pay attention to, and
look out for, which helped guide her exploration process, save time, and be organized to not
misdiagnose the issue.

Further, she sought out the knowledge and experience of other engineers around her as a
resource to explore more, as well as leveraged material resources to prevent this issue:



“I had talked to electrical engineers and we had discovered together that we were
misusing the PCB. The PCB design was not meant for this type of sensor development by
itself. We needed to find ways to mitigate the heat because for now this is the PCB we had
to use based on the time crunch and the time it already went into to getting this PCB in
our hands…So I had spent numerous days playing with different heat syncs, playing with
different materials to see what was the most efficient way to draw away all the heat and
to keep it from overheating…There were definitely some on PCBs that were a little
defective. So I had taken all the PCBs to the technicians and I had them inspect them.
And they found out that not only was it this one issue was also that some of these PCBs
were defective by themselves...So the technicians also took over and said that they would
expect each one that I wanted to implement, or incorporate thoroughly…Yeah, that was
definitely a lot of changing gears constantly and trying to figure out how to solve this
within a fair amount of time and be efficient without wasting too much time. So it was a
lot of jumping around and a lot of jumping from engineer to engineer, and technician to
technician.”

A major aspect of Evelyn’s engagement in divergent thinking and navigating ambiguity was
being flexible and leveraging knowledge and experience of engineers around her by providing
her options to explore and increasing her learning. Also, she had multiple different materials at
her disposal to try to mitigate heat away from the sensor, which enabled her to divergently try
different options in her attempts to solve the issue.

Evelyn described how guidance and support to explore from various mentors and engineers were
influential in her development of understanding the problem with the part, developing
confidence, and her knowledge and skills:

“I think it was just a lot of the guidance from my mentors. I think that at first it was me
just thinking I can figure this out. And I think it was just my mentors in general, who were
the reason I was able to even change my understanding and take a step back and learn
everything. It was just them saying like, ‘Hey, these are all the things that we think from
our experience…’ I should be doing. They were empathetic. They were telling me stories
of how they were at some point in my shoes, and they were trying to do similar stuff. So, I
think it is mostly from the help of other people and their own words of kindness and
wisdom, and just trying to genuinely be a good mentor that really changed. At least that
was what brought me to change it. I think it was also experiences in general that brought
me to change my understanding.”

Her experiences with supportive mentorship shifted her thinking when problem solving to take a
step back “...confront the things that we [are] given and look through them slowly and
thoroughly…”, encouraging exploration of a problem and reflection during the process.
Supportive mentorship of navigating the uncertainty and problems she was facing supported her
divergent thinking, creating a boost in her self-efficacy and affirming her approaches to divergent
thinking. Evelyn described how the environment surrounding her project encouraged her to
explore by leaving her comfort zone, learn a variety of knowledge in other disciplines, and be
more multidisciplinary in future:



“I think my environment…it was mostly electrical engineers with several supporting
mechanical engineers. I think it definitely encouraged me to have to leave my comfort
zone, because I knew from the very beginning I was going to be working with a group
that was more focused in one engineering discipline than the one I specialize in. So I
think from the very beginning, I was encouraged to have to pick up these things as I went.
And I think that definitely forced me to be a little more learning more about other
disciplines from the very first day, knowing that all these words, all this jargon that I
didn't understand was always going to be used and I had to just pick it up. So I think it
was definitely encouraging. And I also had great mentors around me who didn't major in
electrical engineering. There were other aerospace engineers who just taught me as I
went, because they could tell that I was confused.”

By being around people in various engineering disciplines, she was able to gather and learn from
diverse perspectives she had access to about the technical information regarding the sensor,
facilitating divergent thinking in her different ways of approaching the sensor issue and learning
from a wide variety of people and engineering perspectives.

While Evelyn described how her engineering education through collaboration and working with
others in school has been beneficial in her development of divergent thinking, she expressed that
she felt her internship experiences helped her explore more:

“I think it was probably more of outside education. I feel at least in [design and lab]
classes, the answers were like... I wasn't thrown with as many challenges in terms of
problems that just can't seem to be solved. Sure, there would be some homework
problems that just made zero sense and would take a while to get through, but I felt
experience-wise, [the internship project] forced me to really think out of the box and
really grow in terms of being more multidisciplinary and learn to hone my soft skills, like
communication. And in general, just other technical skills. So I think those really help... I
think it was more outside of education.”

Evelyn mentioned how her internship project allowed her to navigate more ambiguous problems
and options where there isn’t one right way to solve the problem, or an easy or existing solution,
unlike her experience at times within curricular contexts.

Evelyn, in hindsight, wished she would have asked more critical questions in the beginning of
her project to get a better understanding of who will be affected:

“At the time, I guess I should have asked who are the stakeholders, because it was my
first time in charge of an engineering project at a company. And I guess I assumed all the
information given to me is all the information I needed, which was very wrong. I should
have asked what actually is at stake here? Who's affected by it? How critical is it to have
it done by this deadline? How much testing do they need to do when it's no longer in my
hands and in someone else's hands? So I think I started further understanding the project
and its necessity to the launch more and more as I attended more meetings, and more
engineers were asking how we were going to integrate this sensor, who needed to be



involved. And that was definitely when I started getting a full grasp of who's actually
going to be affected…”

Evelyn expressed a missed opportunity for her own divergent thinking within her project of
gathering more information about the larger context and impact of her work and implications of
her decisions. She felt she didn’t have a full grasp of these implications until later on in her work,
as she didn’t know at the time how to gather these perspectives of more people who may have
had experience with the issues she found, preventing her from exploring stakeholders. From her
reflection of asking these questions in the beginning of her project, she could have gathered more
information and explored the stakeholders and implications of her work as areas of divergent
thinking and developed a more holistic picture of her problem solving and factors to consider
earlier on in her project.

Discussion

Evelyn had multiple ways she engaged in divergent thinking throughout her problem solving and
troubleshooting. She explored different problem solving strategies in parallel to explore the
sensor overheating issue by trying to reduce the heat given off by the sensor, or fix the root cause
of the overheating. She collected a wide variety of information through scholarly research and
textbooks, and conducted over ten different tests with the sensor with different levels of inputs,
current levels, and orientations in developing her understanding of the problem and issue at hand.
Further, troubleshooting has been found to be a desired and useful skill for engineers in industry,
requiring divergent thinking as an initial base for the process. Described as “a search for a likely
cause through an enormous problem space of possible causes” [30], Evelyn’s initial stages of
troubleshooting included multiple tests, parallel and sequential strategies to gain information
about the problem, and writing down her observations. While troubleshooting can include more
convergent thinking with testing and evaluation to fix a problem, troubleshooting needs first
consideration of potential causes and even has been defined into steps including exploration of
the environment and the problem [31], potentially needing curiosity and creativity to investigate.
These potential causes are options available during problem solving, which is what Evelyn
leveraged and did during her problem solving that directly engaged divergent thinking.

There were two main groups of factors supporting Evelyn’s divergent thinking: 1) context of her
situation and 2) access and availability of resources. She was able to explore various options and
alternatives, engaged in divergent thinking in her troubleshooting due to the context of her
situation. She described how none of her mentors or other engineers had experienced this
overheating issue before, didn’t know the exact answer of how to solve the problem, and was
presented with an open ended problem with no direct pathway of how to explore. The context of
her situation provided an opportunity to engage in divergent thinking, but it was because of her
access to resources and how they were available to her that she was able to explore options
during her problem solving. These facilitators of divergent thinking included mentorship
supportive of exploration, a variety of different informational sources and testing materials
accessible and available to her, and engineers from multiple disciplines with knowledge and
experiences she could leverage to gather a wide variety of perspectives.



The supportive environment of exploration Evelyn was in, fostered by her mentor and other
engineers she worked with, was a major promoter of her divergent thinking. Her mentor
explicitly provided and continued to foster a foundation for exploration by believing in her
capabilities, providing guidance to pursue more options, resources to work with to try and fail
over and over again, and encouraging her to learn and improve, to be curious, and search widely.
Her mentor and other engineers Evelyn worked with acknowledged she must engage in divergent
thinking before converging on decisions to do quality and thorough engineering work and save
time and money in the long run of the project.

Through others’ modeled vulnerability, shared experiences, and guidance in the difficulties of
exploration, Evelyn was able to relate to those around her when she was struggling to navigate
the ambiguity and think divergently when problem solving. Psychological safety has been
described as a key aspect to feedback [32] and creativity [33] with student initiative, self-efficacy
and teamwork. Further, mentors and organizational environments that are open, flexible, and
encouraging foster creativity while fear of risk taking, criticism, punishment, and fear of making
mistakes inhibits it [34], [35]. Instructors and supervisors play a key role for engineering students
to feel comfortable and empowered to take risks, explore, and learn to truly engage in divergent
thinking.

Evelyn also recognized some barriers to her divergent thinking, such as limitations to her own
knowledge and education around circuitry and sensors, a perception of lacking ambiguous
problems in her engineering education, and not knowing she could consider or how to explore
stakeholders in her project and the impact of her work early on.

Evelyn’s existing knowledge was a barrier in the beginning of her problem solving. It can be
understood that in order to problem solve and troubleshoot, there needs to be a certain level of
knowledge and understanding someone needs to know their options and explore. Evelyn
acknowledged that while she had basic circuitry knowledge to understand sensors, she had
limitations of deeper knowledge with circuitry, and even didn’t feel challenged “in terms of
problems that just can’t seem to be solved” from her engineering education. Over 99% of
textbook problems in theoretical courses, like circuits, are algorithmic [3], which is debatable
how much this engages critical thinking in open-ended situations [31]. While it is unreasonable
to expect undergraduate engineering students to learn in-depth knowledge around every single
technical subject, which often requires higher level degrees, Evelyn faced a barrier of divergent
thinking approaching this problem early on and how to navigate the uncertainty and ambiguity of
the problem, which she felt wasn’t taught in her engineering education. Researchers have noted
how theoretical courses such as thermodynamics and circuits need to introduce more ambiguity
and real-world open ended problems to improve their problem solving skill development [36],
[37], [38], [39], [40].

Evelyn’s own reflection and critical questioning, as well from the mentors and engineers around
her, in combination with the resources she had access and available to her, were significant in
overcoming her minimal technical knowledge potentially causing the overheating issues. Evelyn
took initiative to reflect on what information she knew and ask questions about possible causes
of the problem. This was the impetus for Evelyn to take action and engage in divergent thinking
to further her knowledge and know her options by leveraging multiple engineering experts from



a variety of disciplines to know what options were available to explore further and supplement
her knowledge with the resources she had access to when faced with uncertainty. Not all students
might have these types of resources around them to assist them in their divergent thinking when
unsure of their options, or really know how to figure out what their options are. Evelyn definitely
didn’t at times, and even in reflection during the end of the interview, Evelyn noted how she
should have questioned in the beginning the impact of her project and stakeholders that will be
affected. She didn’t realize stakeholders and project impacts were an area she might need to
explore early on in the project. There is limited stakeholder engagement skills and consideration
of social and contextual factors of engineering work taught within curriculum, [41], [42], [43]
often relegated to project based courses , and varying in the degree of effective consideration and
development of these skills [44], [45]. Developing divergent thinking skills with reflection and
critical questioning of who is or isn’t affected by engineering work and decisions could be a way
for engineering students to consider diverse perspectives [21], but may need explicit guidance
and consideration for students to think about its importance to engineering work. Students might
need scaffolding and explicit teaching about what options they have available within and around
their project contexts, and be taught to think critically about those options especially in uncertain
or ambiguous situations.

Limitations

There are some limitations to consider with this work. First, our narrative was constructed based
on a one time interview with Evelyn about her project experiences. There were no external
measures of this account and information. Another interview with her or other collaborators,
other types of data such as project documentation, may have been useful to triangulate the
findings and gain perspectives beyond her own perceptions. and which may provide more depth
and examples across different project types and more time. Second, at times Evelyn seemed to
discuss more generally about problem solving than divergent thinking, so at times there was a
lack of deep reflection or explicit connection to divergent thinking within Evelyn’s problem
solving, which at times made it hard to make connections to divergent thinking.

Implications

Understanding barriers and facilitators to divergent thinking can help provide an initial
scaffolding and awareness within project environments to foster consideration of alternatives.
Messaging, whether implicit or explicit, of project learning outcomes, emphases during
instruction or mentorship, and educational or skill building activities needs to create an
environment for engineering students where they feel comfortable, encouraged, and value the
importance of engaging diverse perspectives and consider many different options. Project
structures and requirements that center and incentivize risk-taking, consider multiple options,
and provide sufficient resources to explore are critically important to nurture and enhance the
value and development of divergent thinking skills.

Given faculty and industry mentors power and role in decision making in projects, course design,
and engineering activities, they need support to incorporate divergent thinking activities and
create outcomes focused in divergent thinking, while providing opportunities and fostering
agency for students to practice navigating their options within structures and environments and



reflect on their experiences. Additionally, engineering students need tools to navigate ambiguity
and further enhance their problem solving skills, which divergent thinking may assist with. We
hope this narrative can be used as a learning tool for engineering students, educators, and
practitioners to grow and reflect on their own practices and awareness of divergent thinking.

Conclusions

We analyzed and constructed a singular student’s narrative regarding divergent thinking
experiences as a way to portray the context specific complexities and ambiguities of exploration
and problem solving in engineering. Divergent thinking can be fostered throughout a problem
solving process, not just within generation of solutions, and it is a skill that must be taught and
continually developed when problem solving. By elucidating the barriers and promoters of
divergent thinking, we can understand how to create environments, structures, and resources to
support engineering students in consideration of options, navigating ambiguity, and
comfortability of multifaceted decision making in the face of complex sociotechnical problems.
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