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Abstract—Engineering education is widely perceived as 
focusing entirely on difficult technical analysis at the 
exclusion of consideration for the social contexts associated 
with such work. However, in reality, engineering practice is 
concerned with defining and solving problems which are 
both technical and social in nature and which require 
professional engineers to understand the complex 
connections between technical and social considerations. In 
recent years, there have been efforts across a number of 
research projects and curriculum development efforts to 
integrate sociotechnical thinking into students’ engineering 
courses. This paper leverages one such project to explore 
the connection between sociotechnical thinking and the 
development of an engineering identity in students. It 
presents the results from analysis of student focus groups 
using inductive coding to explore the connections between 
students’ beliefs about engineering practice, their 
perceptions of sociotechnical thinking in their engineering 
education, and their self-reported engineering identities. 
We identify and describe four clusters of students which 
capture the most common interactions between these three 
dimensions and discuss the implications of these clusters for 
broadening participation in engineering and engineering 
education. 

Keywords—engineering identity, engineering practice, 
sociotechnical thinking 

I. INTRODUCTION  

A growing number of engineering education researchers 
have called in recent years for increased integration of 
sociotechnical thinking into engineering courses and curricula 
[1]–[3]. Engineering practice has been shown to be inherently 
sociotechnical [4], requiring the integration of technical and 
social considerations to identify and address the problem or 
issue at hand. Researchers have also argued that sociotechnical 
education is a way to facilitate discussions around equity and 
social justice in engineering [5], [6] while also broadening 
views of who can be an engineer and the types of work 
engineers engage in [7], [8]. 

However, there has been relatively little work exploring the 
complex interplay between engineering students’ beliefs about 
engineering education and practice, their perceptions of 
sociotechnical thinking, and their self-reported engineering 
identities. In this paper, we aim to explore these connections by 
analyzing student focus groups recruited from engineering 
courses which included sociotechnical integration. The study 
described here emerged from a larger, mixed-methods NSF-
funded project which explored the formation of sociotechnical 
thinking in engineering undergraduates [2]. This project 
spanned three different engineering core courses at two 
different universities. While the larger project did not originally 
aim to explore the interplay between sociotechnical thinking 
and the formation of engineering identity, the student focus 
group data gathered during the project showed unexpected 
connections between the two. 

This paper sets out to explore such connections. 
Specifically, it presents results from thematic analysis of four 
student focus groups which aimed to answer the following 
research question: 

How do engineering students’ beliefs about engineering 
practice, their perceptions of sociotechnical thinking, and 
their self-reported engineering identities relate to one 
another? 

To answer this question, inductive coding was used to classify 
focus group participants’ beliefs about engineering practice, 
their views of sociotechnical coursework, and their engineering 
identities. Using this coding, we were able to identify patterns 
in how their views on these three dimensions (engineering 
practice, sociotechnical thinking, and themselves) related or, at 
times, were in contrast with one another. We expect that this 
work will contribute to the growing body of research about how 
to most effectively incorporate sociotechnical thinking into the 
engineering curricula by illuminating how students with 
different views on engineering and on themselves might react 
differently to sociotechnical integration in their coursework. In 
turn, it also shows how sociotechnical integrations influence 
students’ views of engineering practice and their own 
engineering identities. 

This work was supported by the National Science Foundation under 
Grant No. EEC-1664242 and by the San Francisco State University College of 
Science and Engineering. 



II. BACKGROUND 

A. Sociotechnical Thinking and Learning 

Sociotechnical engineering has been defined as, “the 
integration of the social and technical dimensions of 
engineering problems” [9]. It is often context-rich, ambiguous, 
and multi-dimensioned [7], and has been identified as an 
important aspect of engineering practice [4]. However, it is 
commonly deemphasized or explicitly left out of most 
engineering curricula. Researchers have hypothesized this is 
due to the common beliefs among engineering students and 
faculty that engineering is not concerned with public welfare 
[10], is depoliticized [11], and that social and technical 
concerns are inherently separate from one another within 
engineering systems [12]–[14]. 

In response to this need to better understand how 
sociotechnical thinking can be better integrated into 
engineering education, researchers have set out to measure and 
characterize aspects of sociotechnical learning. These efforts 
have included exploring how students conceive of 
sociotechnical engineering and how they respond to 
sociotechnical interventions in core engineering courses [2], 
[15]. Researchers have also pointed out the connections 
between sociotechnical approaches to engineering problem-
solving and related constructs, such as social justice [5] and 
engagement with public welfare [16].  

New course designs, classroom-based interventions, and 
curriculum revamps have also been developed to better 
integrate sociotechnical thinking and learning into engineering 
education. These include energy courses taught with a 
sociotechnical approach [3], [17], [18], a sustainable 
engineering course that emphasized sociotechnical systems 
[19], [20], and a set of engineering science and design courses 
redesigned to include sociotechnical thinking [2]. There have 
also been a number of curricular interventions proposed 
alongside or in addition to these new courses, including a 
proposal for an application such as drones being used as a 
center point for sociotechnical learning [21] and an assignment 
that encourages students to gather information on different 
approaches to a given engineering problem that can be easily 
adapted to multiple class contexts [22]. Finally, a few new 
curricula or degree programs have emerged with explicit and 
foundational reliance on teaching sociotechnical thinking, 
including the Integrated Engineering program at the University 
of San Diego [23] and the Humanitarian Engineering Program 
within the Engineering, Design and Society Department at the 
Colorado School of Mines [24]. 

Though such approaches to engineering education are 
increasing in number, research into how sociotechnical learning 
influences how students perceive themselves and their 
engineering work has been limited. Bilow et al. recently 
reported on preliminary work looking at how a sociotechnical-
focused course impacted students’ sense of belonging and their 
attitudes toward engineering [3]. Claussen et al. also used 
narrative analysis to explore connections between students’ 
engineering identities and their views of sociotechnical 
integration [8]. With the growing interest in sociotechnical 
education, there is also an increasing need to more thoroughly 

understand how students react to and are impacted by such 
teaching.  

B. Engineering Identity 

There has been a variety of research written on engineering 
identity, including how students develop their identity [25], its 
importance in regards to retention and success [26], and the 
barriers that stop students from developing their engineering 
identity [16], [27]. Students develop an understanding of how 
they fit into engineering as a whole through their experiences. 
Put another way, “the formation of a student’s engineering 
identity – their willingness to identify as an engineer and be 
identified as an engineer – is affected by how that student 
comes to understand what engineering is, a definition informed 
by their personal experiences and beliefs and what is presented 
in engineering courses” [8, p. 3]. Due to how students 
experience engineering, this can lead students to create 
justifications on whether they can identify as an engineer: “The 
factors that students most frequently identified as being 
necessary to be considered an engineer were intangible in 
nature and included: making competent design decisions, 
working with others to share ideas and accepting responsibility” 
[28, p. 1]. A dissatisfaction towards engineering as a whole 
could increase in students who find themselves unable to 
achieve the high standards they hold for engineers while at the 
same time unable to receive external validation from their 
peers, professors and/or organizations.  

Students’ views of engineering often also serve to underline 
its perceived exclusivity and difficulty. According to a 
longitudinal study exploring students’ perceptions of 
engineering, “Participants’ responses reflect a definition of 
engineering that may on the surface appear open but is in 
practice exclusionary to individuals who do not conform to 
certain expectations” [29, p. 1]. Students seem to create strict 
and narrow ideas about what it means to be an engineer, which 
in turn limits their views on the various ways in which one can 
become an engineer.  

One way in which engineering educators might support 
these students is through developing curricula which makes 
visible and supports the other ways of approaching engineering 
problems. Rossmann et al. write, “Engineering students with 
historically marginalized identities who engaged with critical 
theorizing around identity, power and practice felt increased 
agency from the act of naming systems of power and oppression 
and, as a result, felt empowered to act in opposition to such 
systems. […] This form of empowered agency strengthened 
their identity formation and sense of belonging in engineering” 
[30, p. 13]. Giving students the tools to think about engineering 
not only critically, but also giving them the agency to think as 
an engineer in new and diverse ways may not only lead to 
stronger engineering identity in students, but a more diverse, 
responsible, and productive engineering profession as a whole. 

C. Student Perceptions of Engineering Practice 

 Like the analysis described in this paper, much of the prior 
work on student perceptions of engineering has intersected with 
studies of their engineering identities [28], [31]. Researchers 
have drawn upon the perspectives of social scientists who study 
engineering alongside those of engineering faculty and students 
to answer the question, “What is engineering practice?” [32], 



finding that engineering practice is composed of problem 
solving, engineering knowledge, and the combination of 
processes and knowledge. Critical scholars within engineering 
education have also explored questions around how engineering 
practice is perceived by engineering students [5], [20]. In many 
of the prior studies of engineering practice, the views and 
experiences of professional engineers or faculty are prioritized 
over the perspectives of students [4], [32], making it difficult to 
discern precisely how students view engineering. 

 A recent piece of work which is perhaps most similar to that 
of this paper aimed to classify students’ views of engineering 
and engineers following completion of a sustainability-focused 
energy course taught with sociotechnical elements [7]. The 
research team found that students were beginning to alter their 
views of engineering to include a sociotechnical framing, but 
that it was only a partial or incomplete integration. 

III. METHODS 

This work stems from a project exploring how to integrate 
sociotechnical thinking into core engineering courses and the 
impacts of doing so on students and faculty [2]. In the process, 
it also proposed frameworks and definitions for sociotechnical 
concepts [2], developed new methods of assessing and 
developing sociotechnical thinking in students [15], [22], and 
measured how students and faculty view sociotechnical 
thinking and learning [33], [34]. As part of that research study, 
our research team developed sociotechnical interventions in 
three engineering courses at two universities: an introduction to 
engineering projects and design at University A taken by first-
year students across engineering majors (referred to as 
“Projects” in this paper); a sophomore-level introduction to 
mechanical engineering course at University B (“Intro to ME”), 
and a junior/senior-level engineering electromagnetism course 
at University B taken by electrical engineering students 
(“EM”). Details describing these interventions have been 
published elsewhere [2], [22], [35]. 

To assess the impacts of these interventions and gather 
information on students’ views of sociotechnical thinking, we 
conducted eleven student focus groups distributed across the 
three courses, with a total of 49 students participating. During 
the focus groups, we asked questions about the students’ 
engineering identities, their experiences in the course of interest 
and in prior courses, and their perceptions of engineering 
practice and the engineering curriculum. The focus groups were 
recorded and then later transcribed by an outside transcription 
service. The full focus group protocol can be found in [8]. 

After the focus groups were completed, two researchers were 
assigned to do an initial thematic analysis of each focus group 
transcript (two researchers were used to improve the 
trustworthiness of the analysis, as defined in [36]). Each 
researcher wrote an analytic research memo (ARM) identifying 
broad themes that emerged from the focus group. Then, the two 
researchers met to collaboratively write a single consensus 
analytic research memo (cARM) which captured the themes 
that they collectively observed and agreed upon. A similar 
analytical process has been employed and described in [37] and 
is based on methods proposed in [38]. 

Through this initial analysis, we observed persistent 
interplays between students’ responses on three topics: their 
views of themselves (specifically with regards to their 
engineering identities), their perceptions of engineering 
practice, and their reactions to sociotechnical thinking. We have 
explored some of these relationships in [8] and [39]. In the work 
described in this paper, we build upon this early work to 
identify the most common patterns relating these three topics in 
a sample of four of the focus groups (total number of 
participants n = 17): one focus group randomly selected from 
both the Projects and Intro to ME courses and two randomly 
selected from the EM course (as this was the class where we 
had the highest number of intervention semesters and focus 
groups over the entire project). 

A. Data Analysis 

To answer the research question of this work, we split the 
four focus groups transcripts evenly between two members of 
the research team and began by reading them in depth. The 
objective in going through the transcripts was to obtain 
information on each student’s viewpoints regarding their 
engineering identity as well as their perceptions of 
sociotechnical education and engineering practice. Once the 
two team members completed an initial review of their 
respective transcripts, they went back to the transcripts to find 
illustrative quotes. These quotes were organized into three 
categories which had become evident from the original cARMs 
associated with the focus groups: perceptions of sociotechnical 
thinking, their beliefs about engineering, and their engineering 
identities. We also wrote individual summaries about each 
participant based on their responses in these three categories.  

Using the notable quotes and individual summaries, we then 
developed themes to characterize students’ responses within 
each category, specifically seeking ways to group the students 
based on similarities in their responses. These themes are 
defined in Table I, below. We point out that the themes within 
the category Views of Engineering Practice are adopted from 
the one-dimensional sociotechnical continuum proposed in [2]. 
Another theme, within the Engineering Self-Identity category, 
“More experience required to identify as an engineer,” was 
inspired by the work described in [8] and [39] on liminal 
engineering identities. 

To group students based on their responses within the three 
categories and show relationships between the categories, we 
used the themes to create two tables: one that compared their 
views of engineering practice to their engineering self-identities 
(Table II) and a second one that compared their views of 
engineering practice to their perspectives on sociotechnical 
integration in engineering courses (Table III). (We would have 
preferred a table that combined all three dimensions into one, 
but felt that our findings were easier to comprehend if they were 
split into two separate tables.) We note that, in each of the three 
categories, we did have a theme termed, “Contradictory,” as we 
found there were some students who were difficult to place due 
to them having contradicting viewpoints or not providing 
enough information with regards to the category at hand. 

Each of the two researchers then separately placed the 
student participants into one theme within each of the three 
categories. To minimize potential bias and ensure the accuracy 



of our findings [36], this was then repeated, with the researchers 
swapping focus groups and repeating the process of writing 
summaries, selecting illustrative quotes, and placing the 
participants in Tables II and III. In this way, two researchers 
reviewed and analyzed all four of the focus groups. Following 
the completion of their separate reviews, the two researchers 
then met to discuss their summaries of each participant and 
where they had placed the individuals in Tables II and III, and 
to resolve any disagreements. Through multiple discussions, 
they iterated toward the final versions of the two tables 
presented here.  

IV. RESULTS AND DISCUSSION 

In this section, we present the two tables created from 
sorting the focus group participants based on their responses in 
three categories: perceptions of sociotechnical thinking, their 
beliefs about engineering, and their engineering identities. 
Tables II and III present the findings from our data.  

To provide more context on our most important findings, we 
identified the four clusters of students with the greatest number 
of students contained within them (each cluster contains four or 
more students within it). These four clusters are shaded in 
Tables II and III (two are found in each table). In the 
subsections that follow, we describe these four clusters, provide 
illustrative examples of the responses from students within 
each, and discuss the significance of each cluster. We also 
identify and describe outliers of interest, as we found the 
outliers occasionally gave us as much information as the larger 
clusters of participants. These outliers are indicated with an 
asterisk next to their name on the relevant table. The Appendix 
contains selected demographic information for each student, 
including their pseudonym, course, and gender. 

A. Engineering identity and sociotechnical integration in 
engineering practice 

The two clusters of students observed in Table II differed in 
both their engineering self-identities and their views of 

TABLE I.  DESCRIPTIONS OF EMERGENT THEMES  

Category Theme Theme Description 

Views of Engineering 
Practice 

Technical-social dualism [2] 

Sees engineering as requiring critical thinking and (technical) problem 
solving, and as completely separate from any social considerations or 
contexts. Believes engineering only involves building, designing, and 
solving mathematical problems. Emphasizes technical innovation 
(including making the user experience easier) and not on the broader social 
context. Their work and efforts are focused on improving the technical 
performance of the design, rather than doing so to help people, the 
community, or society. 

Partial integration of social and 
technical [2] 

Sees engineering as combining technical and social considerations, but 
sees such integration as limited or incomplete, or places conditions upon it. 

Sociotechnical integration [2] 

Views the engineering field as multi-faceted, and about more than just 
designing, building, and technical aspects. Understands how engineering 
can influence society and communities and considers this influence 
(sometimes even prioritizing it above all other considerations) when going 
through the process of creating. Has a holistic view of engineering, and 
account for the social context of their engineering work. 

Contradictory views of engineering 
practice 

Has contradictory views on engineering practice. 

Engineering Self-
Identity 

Does not identify as an engineer 
Does not see themselves as an engineer and/or does not vocally identify as 
an engineer during the focus group. 

More experience required to 
identify as an engineer 

Expresses that they do not yet identify as an engineer due to their 
(perceived) lack of experience with engineering [21]. 

Identifies as an engineer 
Sees oneself as an engineer and vocalizes this identity during the focus 
group. 

Contradictory or vague engineering 
self-identity 

Has contradictory views on their engineering self-identity. 

Perspectives on 
Sociotechnical 
Integration in 

Engineering Courses 

Does not value sociotechnical 
integration 

Sees sociotechnical integration is irrelevant or out-of-place in engineering 
courses.  

Values sociotechnical integration, 
but not as much as technical skills 

Sees the value and importance of sociotechnical integration, but believes 
that technical skills, knowledge, and considerations still trump social ones 
in engineering courses and curricula. 

Values sociotechnical integration 
under certain contexts 

Perceives sociotechnical integration as important or relevant, but only in 
limited contexts. These contexts could include as specific engineering or 
non-engineering courses; in certain applications, technologies, or 
engineering projects; or based on an engineer’s specific role or task on a 
project. 

Values sociotechnical integration  
Sees sociotechnical integration as integral and highly relevant to their 
engineering education and does not place limitations on such integration.  

Contradictory views of 
sociotechnical integration 

Has contradictory views of sociotechnical integration in engineering 
courses. 



engineering practice. Students in the first cluster, referred to as 
Group 1, saw engineering practice as very sociotechnical, and at 
the same time, saw their own engineering identities as 
contingent on them gaining more engineering experience. 
Students in the second cluster, Group 2, had very secure and 
fully-formed engineering self-identities and perceived 
engineering as only a partial integration of social and technical 
considerations.  

1) Group 1: Engineering as sociotechnical and engineering 
identities requiring more experience 

As shown in Table II, we found that the majority of students 
who saw engineering practice as sociotechnical also believed 
they needed additional experience to identify as an engineer. 
There was, however, some variation in the degree to which the 
students linked their identities to acquiring more experience. 

One notable student of this category was Grace who took 
the Intro to ME class. She expressed her motivation to pursue 
engineering in a way that included sociotechnical integration 
and also showcased the fragility in her engineering identity: 

I haven't really always known I wanted to be an engineer, I 
feel like I realized I wanted to do something that'd help the 
environment, like my junior year [of high school] and I 
came in like my senior year, like, ‘I was like, hmmm, maybe 
I want to be an environmental engineer, cause I feel I want 
to do something like, I was like ‘that's what's gonna help the 
world.’ [...] That's what kind of made me start being [an] 
engineer, more just like being able to help the world in a 
sense. And I agree, I definitely don't view myself as an 
engineer yet, I feel like I obviously need more skills, but I 
guess my main motivation is finding a way to help others. I 
had science and math skills to do it, so this is what I want to 
do. 

Grace demonstrates a belief shared among many of the 
students in Group 1: the notion that, despite holding strong 
sociotechnical motivations and views of engineering as a 
discipline, their core understanding of what it takes to self-
identify as an engineer lies within the technical domain. To the 
students, a technical background is what makes an engineer, 
essentially disregarding any sense of engineering as 
sociotechnical, despite explicitly stating a sociotechnical view 
of engineering elsewhere. In essence, their views of engineering 
contradict their views of themselves. They see engineering as 
inherently sociotechnical, yet in order to identify personally as 
an engineer, they also believe they need more technical skills 
and experience. 

As another example, in the Spring 2020 EM focus group, 
Roxy and Baphomet both expressed strong understandings of 
engineering as sociotechnical, but also had engineering 
identities based on gaining additional experience. During this 
focus group, two other students, Link and Tom, argued that 
there is a distinction within engineering, with some positions or 
project contexts that don’t necessitate consideration of the 
potential societal impacts of engineering. Roxy pushed back: 

I kind of disagree with those statements because even 
though you're not the one designing the technology or 
whatever it is, you're still an educated official that is 
handling the technology so there's a potential of negative 
impacts you should be conscious of [...] and that should 
always be a thing that you have on your mind. You can't just 
wipe your hands because you're like, "Oh, I didn't actually 
design this.” 

Here, Roxy shows a quality that was observed among all of 
the students in Group 1. Even though elsewhere in the interview 
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Roxy indicated that she didn’t have a strong engineering 
identity, she sees engineering as requiring sociotechnical 
integration at every level and in every job role. She was 
confident enough in this view to argue  against Link and Tom 
who were both noted to have stronger identities than her. In this 
instance, Roxy demonstrates that through strong sociotechnical 
ideation, she is able to form opinions surrounding engineering 
practice and think critically about said practice.  

For Group 1, we found that the main factor that was limiting 
the confidence these students have in regards to their 
engineering identity was the pressure they experienced 
(imposed by themselves or others) to have a strong technical 
background with very little space for sociotechnical integration. 
However, we hypothesize that sociotechnical coursework and 
curricula (such as the intervention courses studied as part of this 
larger project) might offer opportunities for these 
sociotechnically-inclined students to strengthen their 
engineering identities by broadening the messages they receive 
about what “counts” as engineering. 

a) Notable outlier to Group 1 
 One notable outlier to Group 1 was Jane who was 

placed into the Contradictory category. The reason why she was 
placed there is due to the fact that when asked if she identified 
as an engineer, she herself stated that she would not until she 
gained more experience. Instead, she referred to herself and her 
peers as students: “I think as students, we’ve been given a lot 
of the tools and we’ve been taught how to develop those skills 
that engineers possess but I just don’t think that we have the 
experience and hands-on stuff required to really consider 
ourselves engineers yet.”  

However, when talking about the importance of 
sociotechnical engineering in both classes and the professional 
sphere, she started to refer to herself as an engineer:  

...When we think about technology, we think like, oh, who 
can this benefit and how is this helping people… I think as 
engineers, that’s something we might not often think about 
because we think we’re making technology for positive 
impact and to better society, but in reality there are a lot of 
times where technology can end up hurting people and I 
think it’s important to consider that just in any context of 
engineering. 

Jane’s change of wording was noteworthy. She appeared to 
lack the confidence needed in order to present herself as an 
engineer when asked explicitly about her identity. However, 
when prompted to consider sociotechnical thinking, her 
engineering identity seemed to change. In Jane, it seems like 
the hyper-focus within engineering on technical skills may have 
contributed to her lacking confidence in herself and her 
abilities; similarly, prompts about sociotechnical thinking may 
have empowered her to take on this identity when she otherwise 
may have hesitated.  

2) Group 2: Engineering as the partial integration of social 
and technical and strong engineering identities 

The other large clustering of students in Table II believed in 
a partial integration of social and technical considerations 
within engineering practice and vocalized confident 

engineering identities. Seven, a student from the Intro to ME 
course, is one example of a student who showed interesting 
insight when asked about his engineering identity:  

I think [an engineering identity] really depends on what 
you're looking at here in a professional academic sense. You 
become an engineer the day you get your diploma, it's as 
simple as that. But as far as, you know, when do you exhibit 
the traits of an engineer? Well that's very subjective, very 
hard to pinpoint. Do you have to be book smart, is it the way 
you think? You can pick your criteria on that. But I think 
you'd get a different answer for everybody, and everybody 
will have a different answer for everybody else. 

Seven is noted to have one of the strongest engineering 
identities within the entirety of the focus groups. He also saw 
engineering as only the partial integration of social and 
technical approaches. However, though Seven places technical 
skills as more important than sociotechnical ones, he does 
acknowledge that being an engineer can involve more than just 
raw technical abilities. He does this by recognizing that there 
are different facets to engineers that are applicable to different 
people and situations.  

This observation can also be made when looking at the 
responses of other students in Group 2, such as Gerald. Gerald 
identifies as an engineer but does not identify with what he 
views as a “traditional engineer,” which he defines as someone 
who applies existing solutions to problems that only slightly 
vary from one another. Gerald sees himself as possessing an 
engineering identity due to his passions and understanding of 
the engineering world outside the technical: 

Yeah. I would say I do identify as an engineer. However, 
certainly not majority identify as an engineer. I think the 
engineering processes is more what I identify with, being 
able to execute on a set of criteria but not necessarily... I 
don't know if I want to ever be a traditional engineer. So in 
that way I don't identify as it. 

It is possible that the increased confidence the Group 2 
students have in their engineering identities is related to their 
view that engineering requires only a partial sociotechnical 
integration. As a result, these students may be able to find more 
motivation within their technical-focused academic studies and 
do not find themselves limiting their definitions of who they are 
as engineers because they feel like their abilities align with their 
views that engineering is a dualistic, partial combination of the 
social and technical. By contrast, Group 1 places high value on 
sociotechnical integration, which seems to serve to possibly 
weaken their identities due to the messages they receive about 
engineering requiring technical experience and expertise. For 
students in Group 2, it seems that the increased levels of 
assurance they feel in their engineering identities correlates 
with the value they place in the technical side of engineering 
(and their sense that they are adept at this aspect of 
engineering), despite their acknowledgement that engineering 
contains some degree of integration of social considerations 
into that technical work. 

a) Notable outliers to Group 2 
We observed two notable outliers to Group 2. These outliers 

were students that both saw engineering practice as requiring 



sociotechnical integration and who had strong engineering 
identities. One thing to note for this particular cluster of outliers 
is that both students were in the Projects class. Across the four 
focus groups analyzed for this paper, more students from the 
Projects class saw engineering as inherently sociotechnical than 
from any other class. 

When asked about what influences their engineering 
identity, one of these outliers, Ellie, replied with how being 
considerate plays a major part to her own identity:  

The value I think about the most is to be considerate and just 
think of – when building something or when thinking of 
solving a problem – thinking of other people it will affect 
and how it will affect them, whether that's a positive or 
negative way and try to avoid because you can't just 100% 
completely avoid [affecting] someone or something in a 
negative way. […] To minimize that, […]  that's something 
I feel I have to, or us as engineers have to think about all the 
time. At least, in my opinion, engineers want to better and 
not make things worse. Therefore, I think that's something 
I, at least, should think about a lot. 

Ellie has both a strong engineering identity and greatly 
values sociotechnical thinking. She views engineering as more 
than just technical and sees facets of the engineering profession 
which she strongly supports and believes in. Similarly, the other 
student in this cluster, Henrick, echoes a very similar take on 
the profession when he spoke in length about the growing 
diversity within engineering and its connection to his own 
engineering identity: 

Well, I would say yeah [I identify as an engineer]. Not with 
the common stereotypes of engineers, how we’re all just 
nerds and we just stay inside and build projects all the time, 
but I feel like the engineering population [has] grown so 
much and become so much more diverse that really, anyone 
can identify with [being] an engineer and say, enjoy 
building stuff and enjoy making the word a better place and 
have that as their main goal in their mind. I would say, [I] 
identify with that group of engineers. 

Much like Ellie, Henrick has a strong engineering identity 
that is tightly intertwined with his own views on sociotechnical 
thinking. Both of these outliers are able to relate to what they 
perceive to be the sociotechnical side of engineering, and thus 
feel confident identifying as an engineer. The ability to see 
engineering as sociotechnical allows students who value 
sociotechnical thinking in themselves or others to, in turn, 
strengthen their own engineering identities. They do not limit 
themselves to what type of engineer they can be, but rather 
focus on what kind of engineer they want to become. By 
allowing themselves to do so, they are able to gain confidence 
in themselves as engineers. 

B. Sociotechnical integration in engineering courses and 
engineering practice 

Two clusters of students were observed in Table III, which 
compares their views of engineering practice with their 
perspectives on sociotechnical integration in the engineering 
curriculum. One of these clusters, Group 3, contains students 
who saw engineering practice as inherently sociotechnical and 
who saw the value of integrating sociotechnical thinking into 

engineering curricula. The second cluster, Group 4, contained 
students who saw engineering as requiring the partial integration 
of social and technical considerations, and saw sociotechnical 
thinking as an important but not integral part of the engineering 
curriculum.  

1) Group 3: Perceives engineering to be sociotechnical and 
values sociotechnical integration in engineering courses 

When prompted for his opinion on the appropriateness of 
sociotechnical integration in engineering education, Henrick 
reported that such integration is something that is expected of 
working engineers, and hence is highly relevant to teach to 
engineering students:  

Isn’t that something that we’re always going to need in 
industries? It’s always going to be a part of us working as 
engineers, so why shouldn’t we be learning it in a technical 
environment? We’re going to be practicing it in a technical 
environment. I think it’s very applicable. 

In Group 3, this view of sociotechnical integration in 
engineering education was shared widely among the other 
students in this cluster. To them, learning to become an 
engineer and being an engineer both contain a great deal of 
sociotechnical integration in all aspects. What was interesting 
to note, however, was that within Group 3, some of the students 
were the same ones who reported not having strong engineering 
identities in Group 1, citing their lack of technical experience 
as their reason for not fully identifying as engineers. Even 
though they cite a desire for more technical experience, we also 
see that they express the need for strong sociotechnical 
capabilities to be taught in engineering education. They see this 
skill as vital within the professional field, as exemplified by 
Baphomet, a student in the EM course: 

As technologies are introduced into the world, there are 
several stages at which someone could potentially intervene 
or have an effect on how far it goes, the checkpoints 
essentially. I think that it gets kind of dangerous when 
people adopt the mindset that, well, it's just not my job to 
care what this technology is for. If you're an engineer and 
you're working with these things, it's important to always 
have that awareness. 

This cluster of students expects engineers to fulfill certain 
responsibilities. They see engineering as sociotechnical; these 
students expect engineers to solve problems so that the 
solutions account for elements beyond the technical sphere, 
including attention to who could be impacted by the solution. 

2) Group 4: Sees engineering as the partial integration of 
social and technical and places conditions on sociotechnical 
integration in their courses 

In our final group, we observe a cluster of students who see 
engineering as the partial integration of social and technical 
considerations, and believe that this integration only has a place 
in the engineering curriculum in certain contexts. To the 
students in this Group 4, sociotechnical integration in their 
education is only valuable and necessary at specific times and 
places.  

When asked about their views of sociotechnical integration 
in engineering education, Dan, an EM student, said that he 



thought there is not enough time for students to be fully taught 
both technical and sociotechnical content within their class: 

I think, if all of our classes where we’re learning these 
technical things, if we took time to think about the 
sociotechnical stuff in all of them, we, I don’t know, I feel 
like we’d run out of time to learn everything. I feel like 
there’s a time and a place to think about this stuff, and it’s 
probably…Definitely for practicing engineers, when you’re 
brainstorming ideas and stuff, you should be thinking about 
who it affects, but when we’re just learning about how 
waves move and stuff like that, I don’t think that’s 
necessarily the time to be learning about that. 

Dan’s words here exemplify the contradictory views held by 
the students across Group 4: that while engineering practice has 
elements of being sociotechnical, there is a time and place for 
learning it in engineering courses. This group, in particular, 
conveys a sense that technical-heavy content is the more valued 
and important part of what is taught in engineering courses. At 
the same time, they are able to see the importance of 
sociotechnical work and why it is vital for a professional 
engineer to have skills beyond just technical ones. Despite this 
group placing a heavy focus on the technical side of 
engineering, they also acknowledge the relevance of 
sociotechnical thinking. 

V. SUMMARY OF DISCUSSION 

Our analysis demonstrates that there are many students who 
are like those in Group 1: they see engineering as 
sociotechnical, yet struggle to identify as engineers because 
their education and coursework does not value or emphasize 
sociotechnical thinking. Thus, including more sociotechnical 
thinking into engineering courses could help these students 
identify more fully as engineers. When students are given the 
space to picture themselves as engineers, it allows for them to 
identify with the field of engineering.  

There was also a very high number of students who 
mentioned the importance of sociotechnical engineering 
(seeing engineering as a complete or partial integration of 
sociotechnical considerations). All four of the major clusters 
described in this paper contained students who reported some 
semblance of sociotechnical values. If students are able to see 
the importance of sociotechnical integration in engineering, 
why is there not more integration within the engineering 
courses? The expectation that every student will excel in 
engineering by being presented only with technical-focused 
content risks marginalizing the students who see engineering or 
their own engineering identities as sociotechnical; it also 
presents an inaccurate picture of what engineering practice is 
actually like [4]. 

When the focus of engineering education becomes too 
technical-heavy, the degree to which these students are willing 
to identify as engineers decreases and, in some cases, appears 
to lead to disillusionment as their views of engineering as 
sociotechnical come into conflict with the other messages they 
receive from their peers, faculty, etc. about what it means to be 
an engineer. However, when students are given space to see 
engineering in a much broader sense, some students may be 
more willing to take on engineering identities, like Jane did. 

This could in turn allow them to find much more meaning 
within this field of study and allow higher retention in 
engineering programs.  

The clusters we saw in Groups 3 and 4 were not particularly 
surprising. It made sense that there would be a large group of 
students who saw sociotechnical integration as integral to 
engineering, and thus thought it should be a prominent part of 
their engineering education (Group 3). It also seemed rather 
expected that many of the students who saw engineering as only 
the partial integration of social and technical work would place 
limitations on when and the degree to which sociotechnical 
thinking was taught in their engineering education (Group 4). 
However, even these students with fully developed engineering 
identities and who emphasized technical practice within 
engineering could see the importance of (partial) sociotechnical 
integration in that practice. Even though some believed 
sociotechnical thinking should only be taught in certain 
contexts (as seen in Group 4), these students still valued 
sociotechnical integration. 

VI. CONCLUSION 

This work identified the most frequent connections made by 
engineering students in focus groups between how they 
experienced sociotechnical integration in their undergraduate 
coursework, their engineering identities, and their perceptions 
of the engineering profession. It follows from previous work 
which showed initial connections between students’ 
engineering identities and views sociotechnical learning, but 
which fell short of systematically characterizing such 
connections [8]. It also builds on other analysis which used 
quantitative data to look at students’ gender identities and how 
they relate to views of sociotechnical engineering [40]. 
Together with these previous publications, the work described 
in this paper makes evident that students’ views of 
sociotechnical are influenced by their engineering identities, 
personal identities (such as gender), and perspectives of 
engineering practice.  

Awareness of these connections is important for faculty 
members aiming to incorporate sociotechnical thinking into 
their courses. Our findings show that successfully bringing 
sociotechnical thinking into the classroom may require 
instructors to also engage with students’ identities and views of 
the profession to ensure their buy-in and convince them of its 
relevance to their future practice. This differentiates the 
integration of sociotechnical thinking from other, more familiar 
content that engineering instructors might bringing into their 
classes – like a new simulation tool or a novel technical concept 
– which may already align with their views of engineering and 
dominant engineering identities. Failure to acknowledge the 
connections between sociotechnical thinking and students’ 
identities and views of engineering may reduce the likelihood 
of success of sociotechnical course-based interventions, 
especially among certain clusters of students with strongly-held 
engineering identities. 

At the same time, we propose that further integrating 
sociotechnical thinking into engineering classes could support 
some students who do not strongly identify with the dominant 
views of engineering, especially those who value engineering 
as a sociotechnical undertaking. Introducing sociotechnical 



concepts may contribute to a greater sense of belonging and 
higher motivation among some students through 
contextualizing the topics they are learning. In our focus 
groups, it was evident that when the students felt that their 
engineering identities were limited due to the believe that 
technical skills and abilities were valued above any 
sociotechnical ones, this sense served to undermine the other 
qualities they possessed and which they professed to value 
highly in professional engineers. It is our claim that increased 
sociotechnical integration may lead to more students finding 
aspects of engineering to identify with – essentially broadening 
the definition of what it means to be an engineer – while also 
bringing engineering education into closer alignment with the 
realities of engineering practice.  

In future work, we hope to expand our research to focus on 
the views of marginalized engineering students of 
sociotechnical integration and their perspectives of engineering 
practice. (The original study set out to do this, but due to a very 
limited sample of students from nondominant groups, no 
conclusions could be drawn.) We believe that, armed with 
additional information on a broader group of students, we might 
gain more insight on the formation of engineering identities 
within undergraduate students and the connections between 
those identities and sociotechnical practice and learning. 

ACKNOWLEDGMENTS  

This material draws from data gathered during a project 
supported by the National Science Foundation under Grant No. 
EEC-1664242 within the Research in the Formation of 
Engineers program. Any opinions, findings, and conclusions or 
recommendations expressed in this material are those of the 
authors and do not necessarily reflect the views of the National 
Science Foundation. The authors also wish to thank the other 
researchers who were part of the original project and contributed 
to the gathering and initial analysis of the focus group data: Dr. 
Kathryn Johnson, Dr. Jon Leydens, Dr. Janet Tsai, Dr. Jenifer 
Blacklock, Alyssa Boll, Jacquelene Erickson, and Natalie Plata. 

REFERENCES 
[1] K. Johnson, J. Leydens, B. Moskal, and S. Kianbakht, “Gear switching: 

From ‘technical vs. social’ to ‘sociotechnical’ in an introductory control 
systems course,” in 2016 American Control Conference (ACC), Jul. 
2016, pp. 6640–6645. doi: 10.1109/ACC.2016.7526716. 

[2] K. Johnson, S. Claussen, J. A. Leydens, J. Tsai, and J. Blacklock, “The  
Development of Sociotechnical Thinking in Engineering 
Undergraduates,” presented at the The 2022 American Society of 
Engineering Education Annual Conference and Exposition, 2022. 

[3] F. Bilow, J. DeWaters, and G. D. Hoople, “Work In Progress: 
Examining the Impacts of a Sociotechnical Approach to Energy 
Education on Engineering Students’ Sense of Belonging and Attitudes 
Toward Engineering,” presented at the 2021 ASEE Virtual Annual 
Conference Content Access, Jul. 2021. Accessed: Apr. 14, 2022. 
[Online]. Available: https://peer.asee.org/work-in-progress-examining-
the-impacts-of-a-sociotechnical-approach-to-energy-education-on-
engineering-students-sense-of-belonging-and-attitudes-toward-
engineering 

[4] J. Trevelyan, “Reconstructing engineering from practice,” Engineering 
Studies, vol. 2, no. 3, pp. 175–195, Dec. 2010, doi: 
10.1080/19378629.2010.520135. 

[5] J. A. Leydens and J. C. Lucena, Engineering Justice: Transforming 
Engineering Education and Practice. Piscataway, NJ: IEEE Press, 
2018. [Online]. Available: 
https://onlinelibrary.wiley.com/doi/book/10.1002/9781118757369 

[6] V. C. McGowan and P. Bell, “Engineering Education as the 
Development of Critical Sociotechnical Literacy,” Science & 
Education, vol. 29, no. 4, pp. 981–1005, Aug. 2020, doi: 
10.1007/s11191-020-00151-5. 

[7] M. H. Forbes, S. M. Lord, G. D. Hoople, D. A. Chen, and J. A. Mejia, 
“What Is Engineering and Who Are Engineers? Student Reflections 
from a Sustainability-Focused Energy Course,” Sustainability, vol. 14, 
no. 3499, pp. 1–11, 2022. 

[8] S. Claussen, J. Y. Tsai, K. Johnson, J. Blacklock, and J. A. Leydens, 
“Exploring the Nexus Between Student’s Perceptions of Sociotechnical 
Thinking and Construction of their Engineering Identities,” presented 
at the 2021 ASEE Virtual Annual Conference Content Access, Jul. 
2021. Accessed: Apr. 21, 2022. [Online]. Available: 
https://peer.asee.org/exploring-the-nexus-between-student-s-
perceptions-of-sociotechnical-thinking-and-construction-of-their-
engineering-identities 

[9] J. Erickson, S. Claussen, J. Leydens, K. Johnson, and J. Tsai, “Real-
world Examples and Sociotechnical Integration: What’s the 
Connection?,” in 2020 ASEE Virtual Annual Conference Content 
Access Proceedings, Virtual On line, Jun. 2020, p. 35120. doi: 
10.18260/1-2--35120. 

[10] E. A. Cech, “Culture of Disengagement in Engineering Education?,” 
Science, Technology, & Human Values, vol. 39, no. 1, pp. 42–72, Jan. 
2014, doi: 10.1177/0162243913504305. 

[11] E. A. Cech and H. M. Sherick, “Depoliticization and the Structure of 
Engineering Education,” in International Perspectives on Engineering 
Education, Switzerland: Springer International Publishing, 2015, pp. 
203–216. 

[12] W. Faulkner, “Dualisms, Hierarchies and Gender in Engineering,” 
Social Studies of Science, vol. 30, no. 5, pp. 759–792, 2000. 

[13] W. Faulkner, “`Nuts and Bolts and People’: Gender-Troubled 
Engineering Identities,” Social Studies of Science Social Studies of 
Science, vol. 37, no. 3, pp. 331–356, 2007. 

[14] National Academy of Engineering, Overcoming Challenges to Infusing 
Ethics into the Development of Engineers: Proceedings of a Workshop. 
Washington, DC: The National Academies Press, 2017. 

[15] J. A. Leydens, K. Johnson, S. Claussen, J. Blacklock, B. M. Moskal, 
and O. Cordova, “Measuring Change over Time in Sociotechnical 
Thinking: A Survey/validation Model for Sociotechnical Habits of 
Mind,” presented at the 2018 ASEE Annual Conference & Exposition, 
Jun. 2018. Accessed: Apr. 24, 2022. [Online]. Available: 
https://peer.asee.org/measuring-change-over-time-in-sociotechnical-
thinking-a-survey-validation-model-for-sociotechnical-habits-of-mind 

[16] S. Niles, S. Contreras, S. Roudbari, J. Kaminsky, and J. L. Harrison, 
“Resisting and assisting engagement with public welfare in engineering 
education,” Journal of Engineering Education, vol. 109, no. 3, pp. 491–
507, 2020, doi: 10.1002/jee.20323. 

[17] G. D. Hoople, D. A. Chen, S. M. Lord, L. A. Gelles, F. Bilow, and J. 
A. Mejia, “An Integrated Approach to Energy Education in 
Engineering,” Sustainability, vol. 12, no. 9145, pp. 1–21, 2020. 

[18] J. DeWaters, S. Powers, and F. Bilow, “An Introductory Energy Course 
to Promote Broad Energy Education for Undergraduate Engineering 
Students,” Sustainability, vol. 13, no. 9693, pp. 1–22, 2021. 

[19] N. Andrade and D. Tomblin, “What Are They Talking About? Depth 
of Engineering Student Sociotechnical Thinking in a Technical 
Engineering Course,” in Proceedings of the 2019 ASEE Annual 
Conference & Exposition, Tampa, FL, Jun. 2019, p. 33551. doi: 
10.18260/1-2--33551. 

[20] N. A. Andrade and D. Tomblin, “Engineering and Sustainability: The 
Challenge of Integrating Social and Ethical Issues into a Technical 
Course,” presented at the 2018 ASEE Annual Conference & 
Exposition, Salt Lake City, UT, Jun. 2018. Accessed: Feb. 01, 2019. 
[Online]. Available: https://peer.asee.org/engineering-and-
sustainability-the-challenge-of-integrating-social-and-ethical-issues-
into-a-technical-course 

[21] G. D. Hoople and A. Choi-Fitzpatrick, “Drones for Good: How to Bring 
Sociotechnical Thinking into the Classroom,” Synthesis Lectures on 
Engineers, Technology, and Society, vol. 9, no. 1, pp. i–148, May 2020, 
doi: 10.2200/S00984ED1V01Y202001ETS024. 

[22] S. Claussen, J. Blacklock, A. Boll, J. Tsai, and K. Johnson, “Pain and 
gain: barriers and opportunities for integrating sociotechnical thinking 



into diverse engineering courses,” presented at the 2019 ASEE Annual 
Conference & Exposition, Tampa, FL, 2019. 

[23] “Integrated Engineering - Shiley-Marcos School of Engineering - 
University of San Diego.” 
https://www.sandiego.edu/engineering/undergraduate/integrated-
engineering (accessed Apr. 24, 2022). 

[24] “Humanitarian Engineering - Humanitarian Engineering.” 
https://humanitarian.mines.edu/ (accessed Apr. 24, 2022). 

[25] R. Stevens, K. O’Connor, L. Garrison, A. Jocuns, and D. M. Amos, 
“Becoming an Engineer: Toward a Three Dimensional View of 
Engineering Learning,” Journal of Engineering Education, vol. 97, no. 
3, pp. 355–368, 2008, doi: https://doi.org/10.1002/j.2168-
9830.2008.tb00984.x. 

[26] J. A. Rohde et al., “Investigating the Intersection of Career Aspirations 
and Engineering Beliefs in First Year Engineering Students,” in 2018 
IEEE Frontiers in Education Conference (FIE), Oct. 2018, pp. 1–8. doi: 
10.1109/FIE.2018.8659311. 

[27] E. Cech, B. Rubineau, S. Silbey, and C. Seron, “Professional Role 
Confidence and Gendered Persistence in Engineering,” American 
Sociological Review, vol. 76, no. 5, pp. 641–666, 2011. 

[28] K. Meyers, M. Ohland, A. Pawley, S. Stephen, and K. Smith, “Factors 
relating to engineering identity,” Global Journal of Engineering 
Education, vol. 14, Jan. 2012. 

[29] J. Rohde et al., “Anyone, but not Everyone: Undergraduate Engineering 
Students’ Claims of Who Can Do Engineering,” Engineering Studies, 
vol. 12, no. 2, pp. 82–103, May 2020, doi: 
10.1080/19378629.2020.1795181. 

[30] J. S. Rossmann and M. A. Armstrong, “‘A New Way of Seeing’: 
Engagement With Women’s and Gender Studies Fosters Engineering 
Identity Formation,” presented at the 2021 ASEE Virtual Annual 
Conference Content Access, Jul. 2021. Accessed: Apr. 24, 2022. 
[Online]. Available: https://peer.asee.org/a-new-way-of-seeing-
engagement-with-women-s-and-gender-studies-fosters-engineering-
identity-formation 

[31] A. Godwin, “The development of a measure of engineering identity,” 
New Orleans, LA, 2016. 

[32] S. Sheppard, K. Macatangay, A. Colby, and W. M. Sullivan, Educating 
engineers: Designing for the future of the field. San Francisco, CA: 
Jossey-Bass Publishing, Inc., 2009. 

[33] K. Johnson, J. Leydens, J. Erickson, A. Boll, S. Claussen, and B. 
Moskal, “Sociotechnical Habits of Mind: Initial Survey Results and 
their Formative Impact on Sociotechnical Teaching and Learning,” in 
2019 ASEE Annual Conference & Exposition  Proceedings, Tampa, 
Florida, Jun. 2019, p. 33275. doi: 10.18260/1-2--33275. 

[34] J. Blacklock, K. Johnson, R. Cook, N. A. Plata, and Claussen, Stephanie 
A., “Faculty Interpretations of Sociotechnical Thinking in their 
Classrooms: Techniques for Integration,” presented at the American 
Society of Engineering Education Annual Conference and Exposition, 
Virtual COnference, 2021. 

[35] “Understanding the Formation of Sociotechnical Thinking in 
Engineering Education Project Webpage.” 
https://www.mines.edu/sociotechnicaleducation/ (accessed Jun. 26, 
2022). 

[36] A. K. Shenton, “Strategies for ensuring trustworthiness in qualitative 
research projects,” EFI, vol. 22, no. 2, pp. 63–75, Jul. 2004, doi: 
10.3233/EFI-2004-22201. 

[37] J. A. Leydens, K. E. Johnson, and B. M. Moskal, “Engineering Student 
Perceptions of Social Justice in a Feedback Control Systems Course,” 
Journal of Engineering Education, vol. 110, no. 3, pp. 718–749, Jul. 
2021, doi: 10.1002/jee.20412. 

[38] J. A. Hatch, Doing Qualitative Research in Education Settings. New 
York: SUNY Press, 2002. 

[39] S. Claussen, J. Y. Tsai, K. Johnson, J. Blacklock, and J. Leydens, 
“Manifestations of Liminal Engineering Identities: ‘Not an Engineer 
Yet,’” Under review. 

[40] M. Swartz, J. A. Leydens, J. D. Walter, and K. Johnson, “Is 
Sociotechnical Thinking Important in Engineering Education?: Survey 
Perceptions of Male and Female Undergraduates,” presented at the 
American Society of Engineering Education Annual Conference & 
Exposition, Tampa, FL, 2019. 

 

APPENDIX 

 

DEMOGRAPHIC INFORMATION OF PARTICIPANTS 

Pseudonym Focus Group 
Gender 
Identity 

Baphomet EM, 2020 Spring Female 

Bryan EM, 2019 Fall Male 

Colson Intro to ME, 2019 Spring Male 

Dan EM, 2019 Fall Male 

Ellie Projects, 2018 Fall Female 

Gerald EM, 2019 Fall Male 

Grace Intro to ME, 2019 Spring Female 

Henrick Projects, 2018 Fall Male 

Jack Projects, 2018 Fall Male 

Jane EM, 2020 Spring Female 

Jay EM, 2019 Fall Male 

Kai Intro to ME, 2019 Spring Female 

Lilly Projects, 2018 Fall Female 

Link EM, 2020 Spring Male 

Roxy EM, 2020 Spring Female 

Seven Intro to ME, 2019 Spring Male 

Tom EM, 2020 Spring Male 

 


