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“Exploring other people's mind, exploring your own mind:” A 
Story of Divergent Thinking from Mechanical Engineering 

Practice 

Abstract 

Divergent thinking is the process of exploring many options and perspectives and is a key part of 
effective and inclusive engineering outcomes. In engineering education, divergent exploration is 
often applied within idea generation; however, many other stages in engineering projects may 
benefit from divergent exploration, such as defining problems, identifying stakeholders, selecting 
problem solving approaches, and understanding potential implications of engineering decisions. 
Professional engineers often struggle to identify and manage diverse perspectives, and little is 
known about the practice of divergent exploration in engineering projects. To investigate, we 
interviewed a mechanical engineer about her exploration practices in a past professional project. 
From her striking examples of divergent thinking and barriers to its practice, we constructed a 
narrative-based educational tool for students, educators, and practitioners. The engineer’s first-
hand experiences demonstrate that to think divergently, engineers must understand system 
constraints, explore widely, seek information from many sources, take risks, seek varied 
perspectives, and explore multiple methods to solve problems.  

Introduction 

Exploring many options is key to developing innovative and inclusive engineering solutions 
for complex systems, diverse stakeholders, and “wicked” problems [1], [2]. However, research 
has shown that engineers often focus on finding a single solution rather than exploring multiple 
potential solutions, methods, perspectives, and even problems during their problem solving [3], 
[4]. The broad exploration of many diverse options is also known as divergent thinking [5]. 
Studies show the benefits of broadening perspectives [4], [6], considering alternatives [7], [8], 
and exploring unknowns [9]. Engineering education often focuses on traditional technical skills 
[10] without introducing tools, training, and support needed to teach student engineers how to 
incorporate divergent thinking. Advancing divergent thinking in engineering education can be 
supported by increasing recognition of the value of divergent thinking in engineering and making 
visible how divergent thinking currently occurs in practice. 

To support the advancement of divergent thinking, we present an account from an engineer 
describing her own experiences with divergent thinking on the job. To develop an account 
grounded in engineering practice, we interviewed a mechanical engineering practitioner who 
described how she leveraged divergent thinking across her engineering problem solving. We 
asked about experiences with divergent thinking in conducting background research and 
identifying stakeholders, finding problem solving strategies, and understanding potential 
implications of engineering decisions. In this paper, we present an account of her experiences 
highlighting factors that impacted her ability to engage in divergent thinking in engineering 
problem solving. 

 



 

Background 

Divergent thinking is defined as the process of exploring many diverse options, alternatives, 
and perspectives [1], [5]. Divergent thinking opens a potential for more creative outcomes [11] 
because considering more diverse options increases the chance that the final selected option is a 
more creative one.  Divergent thinking is a key characteristic in creativity [12]. It has been 
shown important in solving complex problems creatively and generating more innovative 
outcomes [1], [2]. Divergent thinking is often considered during idea generation through 
generating many potential solutions to a problem [13], [14]. In response to engineers’ struggles 
with design fixation during idea generation [7], [15], [16], many ideation tools have been created 
to support generation of diverse ideas, such as Brainstorming [17], Design Heuristics [18], and 
TRIZ [19]. However, divergent thinking can occur across many areas of engineering problem 
solving. Engineers might leverage divergent thinking when developing their understanding of the 
problem and its context, identifying stakeholders, or exploring potential problem-solving 
methods and strategies [9]. 

As educational tools, stories have been employed to convey complex factors that impact 
engineering solutions in practice, such as ethics [20], conflicting technical requirements [21], 
sustainable development [22], and the human impacts of engineering decisions [23]. Accounts of 
how individual engineers have pursued divergent thinking in their workplace may be helpful 
pedagogical tools for engineering students to better understand its importance and motivate 
efforts to learn more. One study found that instructors with industry experience and therefore 
real-life stories made essential contributions to connecting lessons in the classroom to practical 
applications [24]. Divergent thinking stories may similarly support complex outcomes to 
normalize divergent thinking as an importance practice for engineers and support relevant skill 
development. 

Method 

Our goal was to better understand how engineers leverage divergent thinking during problem 
solving in practice to learn about the value of divergent thinking and barriers that might prevent 
its occurrence.  

Data collection 

Data were collected from practitioners through interviews as part of a larger project on 
divergent thinking in engineering. Engineers were asked to discuss a specific past engineering 
project and how they explored multiple options or perspectives across that project. We selected 
one participant’s interview to present in this paper who demonstrated many striking examples of 
divergent thinking and its barriers across her engineering work. The interview included questions 
about divergent thinking while identifying potential problem solving strategies, conducting 
background research, identifying stakeholders, and understanding potential implications of 
engineering decisions. Additional information about the protocol development process is 
described by Clancy and colleagues [25]. 



 

Data analysis 

One researcher transcribed the interview and highlighted excerpts where the engineer 
demonstrated or illustrated barriers to divergent thinking. Two other researchers listened to the 
practitioner interview and validated the relevance of the identified segments for divergent 
exploration. Segments were then selected to capture differing aspects of exploration. Following 
recommendations of qualitative analysis [26] and similar narrative-based educational tools [27], 
we constructed a narrative linking the selected segments. The resulting narrative includes a 
subset of divergent exploration described by the practitioner to represent major themes of the 
interview, including understanding system constraints, exploring widely, seeking information 
and varied perspectives from many sources, and taking risks to successfully solve engineering 
problems. 

Narrative: Radha 

Radha (pseudonym) is a Southeast Asian woman who at the time of the interview had worked as 
a mechanical engineer in the U.S. for 11 years. She has held several professional roles in her 
career across the energy and automotive industries. At the time of the interview, she was a crash 
safety engineer at a major automotive company.  

In describing her current role, Radha stressed how important it was to understand the impact her 
work was going to have on other parts of the system. In her engineering context of crash safety 
testing, this ‘system’ was the entire vehicle and its launch. She described how, “especially as 
mechanical engineer[s], we’re very prone to look at parts, right?...We are really important, but 
again, we’re just part of it.” She identified the dynamic between knowing her work was a part, 
but not the whole, of a project in her context of crash safety testing: 

“If you don't understand how everything connects in the vehicle, it makes it difficult 
for you. So that was part of unsuccessfulness initially because I didn't understand 
the system. So knowing your product when I talk about this initially is really 
important. Learning your product is really important. You can't just sit and learn a 
little bit, like, your own part. You have to also understand the overarching goal of 
your project. How do you fit in that overall project? So, you know engine is there, 
but [the] project, meaning the vehicle, is this much. How does that fit in? How does 
it affect everything else, right?” 

As a young engineer, Radha felt she learned a lot of theory in her undergraduate engineering 
training, but that she lacked a lot of the practical information she needed to be successful at her 
job. She acknowledged these gaps in her knowledge: 

“But I read. I watched YouTube videos. Okay. Diesel engine works. Okay. How 
does transmission, like what does transmission do? Right? It sounds stupid 
now. Right? But like, I mean, I tell you I was really not into that part of cars, how 
they work. I understood the mechanics. If you put [it] together, I can tell you and 
I can calculate, but like how every automobile…It was a shock. I was so bad. And 



I know I’m a mechanical engineer and it sounds bad, but like I was that bad. You 
know, like what is a shock? Now you talk with me, okay, I can point out 
everything on the truck. But what is the suspension like? [I] didn't know so [I] 
read up on it. But it wasn't enough because it was more learning on the job as you 
go.” 

Radha decided to actively seek out many different sources of information to learn what she 
needed to be successful in her engineering work. She read, she watched YouTube videos, and 
she talked to many people in her company. Sometimes, her search for information prompted her 
to find her own hands-on experience rather than relying on theoretical information alone: 

“I’m a person who likes to just have information. So what I'll do is I'll go look at 
the vehicle, right? Know what the different parts are. Ask, what does this do? 
Right? What is the difference between four by four versus four by two? I know in 
theory, right? But I want to go see these parts.” 

When dealing with a particularly complex new problem, she acknowledged she even had to 
generate new knowledge through testing: “There’s no book for that. You just have to go test for 
it.”  Similarly, to inform and guide her engineering work, Radha described seeking and 
developing relationships with people with varying perspectives and expertise. She described: 
“Okay. This is something I don't know. It's not my right area. I gotta ask XYZ engineer because 
he's an expert in it.” She developed a practice of explicitly comparing her own perspective -- 
what she thinks -- to other people's opinions in order to make more informed engineering 
decisions. She did not simply accept the expert’s advice without question, but brought a critical 
lens to their perspectives and then used her own judgment to move forward with her decision. 

“And it sometimes takes interviewing people, ‘Okay, this is sort of what I'm doing. 
What do you think?’ And then they'll say something. It could click with you and it 
will be like, ‘Oh, this totally…we need to do that, right?’ I didn't think of it, but 
again, exploring other people's mind, exploring your own mind. Write down 
what you think, write down what they think, compare your notes.”  

To have a network of experts to consult when needed, Radha invested time and energy into 
developing great professional relationships at work. She spent time with others to learn how they 
approached different problems in varied contexts: “I would sit with other people and it was not 
my project, but I would go and sit with them and learn what they're doing. And that's how I 
started learning about the vehicles.” She talked about the importance of understanding the roles 
and perspectives of her immediate teammates and customers: “We were only a few engineers. So 
if one engineer's down, I'm doing their job. So you had to learn. So what I started to do is I 
started following people, asking questions, and going out to the customer and actually just 
spending time [with them].” 

Radha applied her new knowledge from many diverse sources when choosing strategies to solve 
her own given problems. She described pursuing multiple approaches to avoid “putting all her 
eggs in one basket.” She found that pursuing many problem solving strategies helped her come 
to a great solution in the shortest amount of time: 



“So you have problem [solving] strategies, right? So you have couple of options. 
First of all, you can do your own research and come up with a solution. Or you 
can bring an expert and ask them. Or you have to work together, identify the 
problem first, come up with a reasonable solution, get an expert and then work 
towards them… So it's not that you are just looking for one avenue when you 
[are] going with the problem [solving] strategy. You’ve got to explore 1, 2, 3…. 
And then we'll be like, ‘Okay, we're having this other avenue.’ And you're like, 
‘Why are you exploring so many at the same time? Why don't you wait for an 
answer?’ Because there is no waiting time because the longer you wait, the 
longer that the product is just staying there and you're losing money and you're 
losing time to test that vehicle.” 

Throughout the interview, Radha emphasized how important it was to ‘put herself out there’ and 
overcome fear of judgment and rejection. Especially as a young engineer, she felt pressure to 
avoid showing any faults or weaknesses: 

“First of all, I didn't ask many questions. So I tried to read books because I was 
shy and I wanted to be good at my job, but I didn't want other people to think I 
didn't know what I was doing even though as the young engineer, I think you have 
that. Well, some people do. I had that. I wanted to learn everything on my own 
and not sound stupid.” 

Radha reached a turning point in her journey towards empowerment and self-confidence as an 
engineer when she realized she had to stand up for her own engineering perspective despite 
everyone else in the situation holding a different one: 

“And I think it was one day I went to the customer. And there's this engine plug-
in. They’re saying the car is not starting. And there was this plug that was not 
connected. And I kept on going back to it and they kept on telling me because 
again, I didn't have any support. I was the only person there and I was not 
confident but I'm like, ‘do me a favor. Disconnect it and plug it back in.’ Right? 
We're spending hours at this point. Engine was not turning on and it was just that 
connection was not plugged in properly. And all I had to do is I had to have 
enough courage to tell them to do that, right? So sometimes your own inhibitions 
make you unsuccessful and sometimes you don't know enough, but you gotta, 
“okay, just do it for me.” And they were not happy because it was like, you know, 
they were hourly workers. It's 3:15. I'm getting out in 15 minutes. I'm like, ‘Please 
just, it will solve problem for me for you.’ And they did it and the engine started 
and we were done in five minutes and I packed my bags and we went. And I think 
that was just a turning point for me where I was just like, stop being scared, you 
know, you can be good at it if you just follow your instincts sometime.” 

Across her engineering practice, Radha follows this process of initiating opportunities to learn 
from multiple people, projects, and experiences while solving engineering problems. She 
describes this divergent exploration as key to her success in projects because it allows her to 



build upon her own ideas by making room for influence from other perspectives. This suggests a 
role for divergent exploration throughout the engineering process as a way of thinking to arrive 
at the best solutions. 

Discussion 

Radha’s first-hand experiences highlight several potential takeaways for students and 
engineering educators: to think divergently, engineers have to understand system constraints, 
explore widely, seek information from many sources, take risks, seek varied perspectives, and 
explore multiple methods to solve problems.  

The narrative highlights that it is important for engineers to understand the ways in which their 
work is part of a larger environment. Many engineers work on a small part of a bigger product: 
they work on the brake system of a car or develop the mounting system for electrical components 
in a satellite. While the engineering decisions one engineer makes must be centered in their 
specific context and grounded in specific requirements, Radha described how engineers also 
must account for the way their decisions relate to other parts of the system, and the system as a 
whole. Many sources call for the emphasis on systems thinking in engineering education [28], 
[29] and propose methods to promote and assess systems thinking [30], [31]. Divergently 
considering potential implications of engineering decisions and exploring the problem context 
can be one way to facilitate engineers knowing what decisions are being made in other areas of 
the project system.  

Radha had personal barriers she had to overcome within herself and in the relationships she 
needed to establish with others. She had to acknowledge gaps in her knowledge and then actively 
seek out many types of information from many distinct sources. The divergent thinking that took 
place centered on investing time into background research and looking to many sources of 
information rather than a single source. She also had to put herself ‘out there’ and overcome fear 
of judgment and rejection in order to be successful. Her story about asserting her perspective 
while solving an engineering problem in particular aligns with an aspect of Treffinger’s [12] 
characteristics of creativity: listening to one’s ‘inner voice’ even when it goes against group-
think. It was a risk for her to overcome her fear and assert her perspective, but successful 
divergent thinking can involve taking on more risk [32].  

Radha prioritized building relationships to gather diverse perspectives from people with varied 
expertise. A key part of successful divergent thinking for her was the network of diverse 
colleagues she had already established and continued to build. Her engineering decisions, 
therefore, were informed by divergent perspectives and varying expertise. Building such a 
network seemed to depend on the initiative of the individual engineer as well as the cultural 
norms of her work environment. If a work environment is not already diverse in perspectives and 
expertise, or if engineers are (implicitly or explicitly) discouraged from engaging with people 
outside their immediate team, divergently exploring perspectives may be much more difficult to 
achieve. 

Radha explicitly described how important it was for her to explore and pursue many problem-
solving approaches. Therefore, her process was not a simple, linear one. Rather, her process 



involved divergently exploring many ways to solve a problem as effectively and efficiently as 
possible. This type of a process looks quite different than the linear processes engineering 
students are often taught [33], [34] and may require educators to expand the types of processes 
included in the classroom to make room for divergent thinking. 

Limitations 

Our understanding of Radha’s experiences with divergent thinking was limited to a single one-
time interview focusing on an engineering project. We may have generated different insights 
over time or through collected stories across many projects. To create the narrative-based 
educational tool, we chose a deep dive into a single engineer's project for a more concentrated 
focus on experiences across a project. Finally, the interview collected only Radha’s perception of 
success and divergence on the project. It is possible that triangulating the perspectives of her 
teammates may have provided additional context to interpret her experiences. 

Implications 

Radha’s story can stand alone as a valuable education tool to convey the complex nature of 
teaching and practicing divergent thinking. Engineering stories may play an important role in 
broadening perspectives on what engineers can do in practice and how it may differ from the 
“textbook” process taught in classrooms. Teaching through case stories has been shown effective 
in connecting students to the complexity of ‘real life’ outside of the classroom [35]. Radha’s 
story and others like it may support instructors in supporting students as they make that 
connection during their studies. Each student who encounters Radha’s story will take away their 
own contextualized interpretation of the importance of divergent thinking as well as how to 
foster based on their own lived engineering experiences. 

Future Work 

Future work will compare experiences described by other practitioners in interviews with the 
same protocol. By examining how divergent thinking occurs across many contexts during 
practice, its importance and execution can be supported in engineering education. Future work 
will identify more collections of divergent exploration stories to leverage in engineering 
classrooms. 

Conclusion 

This paper presents a constructed narrative describing a mechanical engineer's experiences with 
divergent thinking in practice. The case describes the complexity of engineering practice and the 
many social, emotional, and technical considerations contributing to successful project 
outcomes. Several strategies emerge from the account that appear to support divergent thinking, 
along with perceived barriers to divergence in approaches. Examples in the engineer's own words 
illustrate challenges including workplace environments, personal qualities such as identity and 
self-confidence, and the larger sociotechnical systems of engineering work. This engineer's story 
demonstrates multiple roles for divergent thinking on projects, and serves to inform and motivate 
students to consider alternative approaches while solving engineering problems.  
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