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Receiving curricular messages: Engineering students’  

understandings of valued practices in their field 
 

Abstract 

 

This research paper examines the curricular messages perceived by students about what practices 

are valued and central to engineering work. Emphasis on certain practices, and de-emphasis on 

others, can impact if students see themselves as engineers and their interests in engineering. In 

this study, we compared the experiences of two 3rd-year Industrial Engineering students and two 

3rd-year Mechanical Engineering students through semi-structured interviews. We analyzed 

these data guided by Holland and colleagues’ figured worlds framework to build an 

understanding of the engineering practices and skills students perceived as important in their 

courses, what values, activities, and interests were encouraged and discouraged by their 

instructors and peers, and how these practices and skills aligned or misaligned with student 

career and engineering interests. Our findings showed that teamwork, problem-solving, technical 

communication, and using foundational technical knowledge were perceived by students as 

emphasized most in their classes. Students discussed how these practices and skills built the 

foundation to do their engineering work but were at times dissatisfied with the lack of social 

considerations around stakeholders, sustainability, and contextual aspects of their work. Students 

further described career interests to solve complex, societal issues. This paper has implications 

for incorporating sociotechnical practices and broader careers interest into engineering 

curriculum. 

 

Keywords: figured worlds; engineering curriculum; engineering culture; engineering practices; 

alignment 

 

1. Introduction 

Engineering curriculum frequently focuses on technical, analytical, and decision making 

knowledge and skills, evident by the common focus of courses on math and physics principles 

[1]–[3]. Course problem sets and projects routinely focus on determining variables and solving 

equations where there is one “right” answer [4]. However, engineering work is inherently both 

technical and social [5], [6]. To address major problems of today’s world, engineering students 

need to develop contextual and cultural competencies, ethical responsibility, and social 

engagement knowledge and skills, as well as the ability to work across disciplinary boundaries 

[7]–[10]. Engagement in these skills, which we collectively call “comprehensive engineering 

knowledge and skills”, are necessary to develop impactful, innovative, and successful 

engineering solutions [9]–[11].  

 

In addition to preparing engineering students to successfully address modern engineering 

problems, the inclusion of comprehensive engineering skills in the curriculum has implications 

for students’ engagement and persistence in the field. Students’ engagement in their field as well 

as their plans to pursue an engineering career or engineering graduate education is determined in 

part by an alignment between their personal and professional interests and values in engineering 

and curricular messages about what engineering practice includes. For some students, the 

potential to leverage engineering for social good is a key motivation for pursuing work in the 

field [12], [13]. Further, research suggests that socially-oriented engineering work attracts a more 



diverse group of students [14]; minoritized students disproportionately pursue engineering to 

create solutions to make a better world within their communities, create innovative solutions that 

align with their values and interests, improve people’s lives, and address large scale global 

problems such as climate change, global health issues, and various types of resource access [15]–

[18]. For students of any identity who are motivated by the social impacts of engineering work, a 

disconnect between their interests and the often narrowly technical focus of engineering 

curriculum has the potential to negatively impact their sense of fit and desire to persist in 

engineering work [19]–[21]. Thus, in this research we conducted in-depth interviews to explore 

what messages students received about what practices were central to their engineering 

disciplines and how these emphasized practices impacted their engineering engagement and 

pursuits. Understanding these alignments and misalignments can inform curricular revisions in 

both what is taught and how the practices of engineering are discussed. 

 

2. Background 

2.1 Engineering Practices and Culture 

While the engineering profession presents itself as a field that is objective, neutral, and 

depoliticized, i.e., purely “technical” space, where political and cultural concerns can— and 

should —be removed [22], engineering is inherently a social discipline that is impacted by and 

impacts people [22]–[25]. Beliefs that engineering work is purely technical can lead students to 

view societal concerns as distractions from engineering work and become disinterested in 

examining the social implications of their projects [26]–[28].  

 

We collectively call the skills necessary to integrate social and contextual considerations into 

technical engineering work as “comprehensive engineering knowledge and skills.” These 

practices include, but are not limited to, collaboration, creativity, cultural and contextual 

awareness (e.g., social, economic, political, cultural, environmental), ethical responsibility, and 

interdisciplinary competency. Comprehensive engineering knowledge and skills are key to 

successful engineering practice as emphasized in numerous engineering reports and scholarly 

works [1], [10], [29]. The Accreditation Board for Engineering and Technology (ABET) 

includes many comprehensive skills to their program accreditation criteria, such as social 

responsibility and consideration of global, economic, and cultural factors [23], [30]. There have 

also been some pushes from industry professionals who want to see engineering graduates better 

prepared for the workforce by demonstrating an ability to contextualize engineering work in 

coordination with technical skills and knowledge [23], [31].  

 

While comprehensive skills are important to engineering work, their inclusion in curricula is 

lacking [1], [29], [32], [33]. Even when a non-technical skill is noted as important, such as on 

course syllabi, this skill may not receive the same focus as the technical skills in practice and 

assessment within the course. For example, a study of teaching creativity in engineering found 

many engineering courses that had fostering creativity as a learning outcome included 

assessments of convergent thinking skills like evaluation and analytic thinking but little to no 

assessment of the divergent skills necessary for creativity like openness to uncertainty and 

exploring ideas and problems [34]. This is a potential signal to students that if a skill is not 

assessed, it is not important and valued in the classroom, as students are motivated to learn and 

engage in knowledge and skills from an alignment of learning goals, activities, and assessment 

[35]–[37]. Without alignment and consistent opportunities to engage and gain feedback on 



comprehensive skills and knowledge in a course, there could be limitations in potential learning, 

feedback, and improvement of comprehensive knowledge skills for both students and instructors.  

 

If students were to gain necessary comprehensive engineering knowledge and skills, they may 

gain them in the form of collaboration, ethical responsibility and interdisciplinary competence 

through out of class experiences, such as co-curricular organizations like project teams, 

professional engineering societies, or identity based organizations, research, study abroad, and 

internships [12], [23], [38]. However, the extent to which various comprehensive knowledge and 

skills are explicitly emphasized and effective in fostering such skills in those experiences vary 

[39], [40], especially in regards to cultural and contextual awareness in engineering work [23], 

[26].  

 

While these co-curricular experiences can be helpful and beneficial to engineers’ learning [41], 

the implications of these types of opportunities being mostly outside of the classroom are 

potentially detrimental.  For example, putting the responsibility on students to build these skills 

outside of required engineering courses may lead to perceptions that these skills are secondary 

and non-essential [28], [40]. Moreover, not all students may have opportunities or access to 

participate in out of class experiences due to socioeconomic disparities or may have a variety of 

negative experiences related to their race, ethnicity, and gender in some co-curricular 

experiences that lack an inclusive or equitable culture [42]–[44]. Therefore, students’ 

development of necessary engineering skills is best enabled through continued practice in regular 

coursework as curricular activities and learning outcomes in courses communicate what is 

important for engineering students to learn as perceived by students and faculty [38].  

 

Students motivated to pursue engineering with goals to solve complex societal problems may 

experience a sense of misalignment in their engineering courses that lack a focus on 

sociotechnical knowledge and skills [20], [45]–[47], and unsurprisingly, this misalignment of 

values and interests in engineering can lead to a lack of sense of belonging for these students 

[46], [48]. The underemphasis or omission in the engineering curriculum of sociotechnical 

concepts developed by diverse groups may dissuade students from studying or continuing in 

engineering [12], [49]. This is due, in part, to the content that is required in engineering which 

has historically been constructed by dominant culture [50], [51] with a narrow technical focus 

separate from sociocultural knowledge and skills. In particular, students of minoritized and 

marginalized backgrounds, such as but not limited to, women, people of color, disabled people, 

and/or queer and trans people, are less likely to pursue a degree in engineering, or more likely to 

leave engineering during their education or career [52]–[54].  

 

These barriers to diverse participation have become such a prominent issue that it threatens the 

nation’s global competitiveness [55]. Studies have demonstrated that diverse groups tend to be 

more creative and innovative in their problem-solving strategies - a trend that the field of 

engineering strives for [46], [56]. As a result, it is imperative that engineering education examine 

and restructure the delivery of content and incorporate more sociocultural content in engineering 

curriculum to attract and retain more talented diverse students [57] and prepare engineers to 

solve the world’s complex problems.  

 

 



2.2 Figured Worlds Theoretical Framework  

Our work is guided by the figured worlds theoretical framework by Holland, Lachicotte, Skinner, 

and Cain [58]. Figured worlds are “socially and culturally constructed realms of interpretation in 

which particular characters and actors are recognized, significance is assigned to certain acts, and 

particular outcomes are valued over others” [58]. The figured worlds framework draws on 

activity theory [59] to emphasize the dialectical nature of people and their environments in which 

individuals actions are shaped by the cultural meanings and values within a given environment 

and in turn shape those cultural meanings through their actions.  Further, Holland and colleagues 

emphasize how particular actions and the meanings ascribed to them differ in the extent to which 

they are recognized as meaningful or valued in a given world and that individuals occupy 

different positions within (or are excluded entirely from) them [58]. The extent to which one’s 

activities are widely recognized as meaningful or valuable by others in a given environment is 

determined in part by the extent to which these align with the dominant forms of practice in that 

space. Individuals’ actions may in turn serve to reinforce or gradually redefine the cultural 

meanings and values central to that environment, or be excluded from that space.  

 

For the purpose of the present study, this framework brings a focus on understanding (students’ 

perceptions of) the dominant forms of practice that constitute what it means to “do engineering” 

in the context of core engineering courses in two disciplines. We examine the extent to which the  

dominant forms of practice within these disciplines align or misalign with individuals’ own 

values and interests related to the practice of engineering, and the potential consequences for 

students of this alignment or misalignment. The aspects of engineering practice emphasized in 

students’ core courses are likely to inform students’ understandings of what it means to do 

engineering. We know the undergraduate curriculum serves as a primary vehicle for transmitting 

messages about important disciplinary competencies, interests, and values of a given discipline 

[60], [61]. If, for example, an instructor routinely asks students to consider human impacts of 

solutions to engineering problems during the course, students may be more inclined to weigh 

such factors in their own work, seeing them as valued elements of engineering and an available 

way to be recognized as an engineer within that cultural context. Over time, then, individuals’ 

personal definitions of engineering work may come to more closely align with their engineering 

community’s dominant forms of engineering work. 

 

While students’ experiences in core courses are likely a powerful influence on their engineering 

interests and values, the aspects of engineering practice emphasized in these courses may or may 

not fully align with students’ personally held values and preferred practice of engineering, as 

these are likely shaped by a myriad of unique experiences students bring with them into their 

undergraduate studies. The figured worlds framework suggests that when students’ personal 

values or preferred practice of engineering do not align with the dominant forms of practice 

emphasized in their courses, these students may struggle to see themselves as an engineer as 

defined in that context, may be less likely to be recognized as doing engineering by their peers 

and faculty, or otherwise feel a sense of disconnect or exclusion from engineering.  

 

We utilize the figured worlds framework in our study of four upper-level engineering students in 

mechanical and industrial engineering disciplines. The framework was used to orient our 

attentions to what they perceive to be the valued practices of their fields based on their 

engineering course experiences, how these align with the students’ own interests and values, and 



how this relationship, if at all, has shaped students’ experiences in the field and their intentions to 

pursue an engineering career or graduate study.  

 

3. Methods 

The data for this paper comes from a larger study of two engineering departments at a large  

Midwestern research institution. The larger study examines curricular messaging about the 

nature of engineering practice in two engineering fields and how these curricular emphases align 

with students’ engineering interests and values and the ways this alignment may shape their 

career intentions after graduation. Data for that study includes interviews with 65 first- and third-

year mechanical engineering (ME) and industrial engineering (IE) students and follow-up 

interviews one year later recruiting the same students.  Additional study data include 

observations of multiple core courses in each discipline, interviews with faculty who teach core 

courses in ME and IE, and a survey sent to all undergraduate students in both disciplines. In this 

paper, we draw on data from interviews with four advanced undergraduate students (two in each 

discipline) to begin to characterize the aspects of engineering they perceive to be emphasized in 

their core courses and the variation in how, if at all, students’ own engineering interests and 

career aspirations align with these course emphases.  

 

3.1 Researcher Positionalities  

There were many members on this research team. The team included a mechanical engineering 

Ph.D. student (SMC), an engineering education research Ph.D. student with a background in 

electrical engineering and experiences teaching IE courses (SJB), a higher education master’s 

student with experiences teaching STEM courses (BAC), a higher education master’s student 

who left engineering (KM), a staff researcher with a background in higher education and 

studying engineering students’ experiences (EM), a mechanical engineering tenured faculty 

member (SD), an industrial engineering faculty member undergoing the tenure review process 

during the study (JLM), and a tenured professor in the school of education with a faculty 

appointment in integrative systems and design in the college of engineering (LL).   

 

One motivation for this study was to investigate what students learn about engineering practices 

in their engineering coursework, and how messaging from the curriculum about what are 

important engineering practices relates to students’ sense of fit and intentions to persist in 

engineering. On the other hand, this study was motivated by our lived experiences as both 

learners and educators within engineering and engineering education. We have experiences 

revamping and developing courses to better accommodate a diverse range of students and their 

interests for being in engineering. However, we know that not all of the engineering faculty have 

embraced this change, and that some students have felt marginalized and unwelcomed in 

engineering as a result of their courses. We therefore hope that this study can collect evidence to 

show how curricular messaging in engineering can change to be better aligned with students’ 

values and interests and how intentional curriculum design can change the culture in engineering. 

 

With these motivations, experiences, and prior literature in mind, we came to this study 

expecting to find some students’ interests in engineering not aligned with the messaging they 

receive in their coursework. Because of the technical focus of many engineering courses, we 

expected some students to seek out skills and knowledge beyond what courses emphasized, 

while other students would have a strong sense of alignment with their engineering curriculum.  



 

3.2 Research questions 

The aim of this study was to understand what curricular messaging engineering students received 

about engineering practice within their disciplines, how students felt about those messages, and 

how those messages shaped how students thought about their future careers. To do so, we sought 

to explore the following guiding research questions:  

1. What do students learn about the nature of the work of their engineering discipline during 

their undergraduate education? 

2. How does what students learn about the nature of the work of their engineering discipline 

align with students’ own engineering values and interests? 

3. How does this alignment between what students learn about the nature of the work of 

their engineering discipline and their personal values and interests relate to their 

intentions to persist in their major and/or pursue graduate study or an engineering career? 

 

3.3 Participants 

This paper presents preliminary findings of interview data collected from four participants at one 

large, Midwestern university in the United States from two engineering disciplines, mechanical 

engineering and industrial engineering. The participants included four upper-class undergraduate 

students: one Asian female mechanical engineering (ME) third year (Participant A), one White 

male mechanical engineering third year (Participant B), one mixed South Asian and White 

industrial engineering (IE) recent graduate (Participant C), and one white male industrial 

engineering third-year (Participant D). The four student interviews analyzed in the present paper 

were selected from the larger dataset based on a review by multiple co-authors because of the 

richness of their narratives and range of engineering practices and experiences they discussed.  

 

Students were recruited into the larger study via email using listservs generated from registrar 

data to target first- and third-year engineering students in IE and ME. We aimed to recruit 

participants across a range of identities and prior experiences, sharing our recruitment message 

widely with all first- and third-year students who expressed an interest in declaring or who had 

formally declared ME or IE as a major. Included in the study solicitation was a pre-screening 

survey, asking potential participants to confirm their eligibility for the study as well as collect 

background information. Gender, pronouns, and race/ethnicity were the only demographic 

information collected and were self-described. Participant C (recent IE graduate) was included in 

our study due to having three years of IE coursework at the time of recruitment as he had 

changed majors in his second year. The team was not aware of his very recent graduation until 

the interview, and decided to proceed to capture his experiences.  

 

3.4 Data Collection  

Data were collected through semi-structured interviews, guided by an interview protocol we 

developed and piloted based on our research objectives, relevant literature, and study team 

members’ prior experiences [62]. After several iterations of protocol development within the 

team, the protocol was piloted by the study team with eight third- and fourth-year engineering 

students (three IE, four ME, and one other). As a result of piloting, we revised the protocol based 

on how well questions facilitated interviewees in discussing the topics we were trying to probe. 

During the design, piloting, and iterations of the protocol, we took intentional care and review of 

the protocol to create clear and consistent open-ended questions in a way that allowed students 



the opportunity to share and describe their personal perspectives and experiences without leading 

them to a particular response [63] and compare engineering disciplines.  

 

The final interview protocol had six main sections: (1) warm-up and background experiences, (2) 

educational messaging on nature of engineering work, (3) students’ values and interests in 

engineering, (4) students’ choices and intentions to persist, (5) final reflection, and (6) end/sign 

off. Interviews were conducted via Zoom and audio recorded. Interviews ranged in length from 

30-to-90 minutes.  

 

The four graduate students (SMC, SJB, BAC, KM) were responsible for conducting the 

interviews. Their positionalities, identities, and lived-experiences influenced how they interacted 

with the participants. Each interviewer was first interviewed by another member of the team to 

better understand the personal experiences and biases that were elicited by the interview 

protocol. This provided insight into the experiences the interviewer would be likely to try and 

confirm in the data collection process, and could therefore be mindful of during interviews to 

avoid questions and engagement that made the interviewee feel uncomfortable or inauthentic.  

Furthermore, as students themselves, the graduate students were able to relate to students’ 

experiences in college that helped build trust and dialogue during the interviews.  

 

3.5 Data analysis 

Recordings of the interviews were transcribed, de-identified, and reviewed for accuracy. The 

interview transcripts were inductively analyzed [62], [64] under three threads: (1) educational 

messaging from students’ engineering courses and program (e.g., what engineering is, what 

distinguishes their engineering discipline from others, etc.), (2) student values and interests in 

engineering (e.g., what they liked most/least about courses, sense of belonging, etc.), and (3) 

student career interests, choices, and relationships between their courses or major and their 

career interests.  

 

Leveraging the theoretical framework, engineering practices literature, and guiding research 

questions, the first author (SMC) read each transcript in full multiple times, and wrote initial 

thoughts to situate herself within each participant’s data. Treating every participant as a case, she 

pulled out all passages potentially relevant to this study’s research questions from the transcript 

to holistically review the participants’ experiences, and sorted each question and response for 

every participant to identify all instances of data by research question. She wrote summary 

statements to make meaning from the participant’s responses and gather evidence for each 

research question. An example of the data and summary statement from Participant A is 

provided below.  

 

Interviewer: “Expanding on that last question about, are there certain things that an ME 

engineer, distinguishes them from other engineers? What have you learned are the skills 

or knowledge that you would need to be considered a good ME engineer?” 

 

Participant A: “I think that really depends on what field you go into, but basically, any 

particular skills that would make you a good mechanical engineer? I think [a] skill [is] 

to understand a little bit of every other field. As a mechanical engineer, you would 

definitely be working with many other fields. On your team, there's probably going to be 



an electrical engineer, not one, but a group of them, and also aerospace, or others. I 

think a good skill to have is to understand a little bit of everything. The classes that we 

take now agree with this, because we take a little bit of electrical courses. We also take 

material science courses. It helps us because we're so broad, and for all engineering 

fields in general, we're constantly working with engineers from other fields. I think it's 

really important, maybe more than any other fields. It's almost like a bridge. We have to 

understand a little bit of every other field, so we can communicate with them. I think 

that's a really important skill to have." 

 

Summary statement: ME is a broad discipline where a good professional ME needs to 

have skills from a variety of engineering fields, which is reflected in the breadth of 

courses taken, such as circuits and material science, necessary to communicate across 

engineering disciplines. 

 

The first author then wrote summaries of each participant based on these statements and how 

each participant discussed and thought about each research thread, frequently going back to the 

data. The first author discussed each participant's summary with a co-author (EM) to gather 

feedback and iterate for clarity, meaning, and accuracy of participants' responses. The first author 

was then asked to have another author (BAC) review this process in a close manner.  

 

The second author (BAC) read each transcript, reviewed the supporting data and summary 

statement for each research thread developed by the first author (SMC), and reviewed the 

summary for each participant. In particular, the second author (BAC) was encouraged to find 

new themes and note any differences of interpretation, framing, and perspectives of each 

participant’s experiences when reading the transcripts and data analysis. For example, the second 

author (BAC) identified an additional practice of technical communication for Participant A as 

emphasized in her courses. Both co-authors then met to discuss all discrepancies and agreement 

for each participant summary. They frequently returned to the data collected and transcripts 

during this meeting to ensure participants’ language and experiences were accurately 

represented, where the co-authors iteratively revised the interpretation of the data and added 

themes and clarity to the summaries until full agreement was achieved to finalize the summaries.  

 

Both first and second authors were very familiar with the data as they both conducted interviews 

and were familiar with the literature and engineering practices for the larger study. They had 

extensive training and experience piloting the interviews, data analysis training, and reconciling 

processes for the larger study, preparing them both to be uniquely situated and informed to 

conduct analysis of this work. They made intentional designs in data collection and analysis to 

center the participants’ narratives. For example, by having both authors review the data and 

develop themes, they were able to check their assumptions made on the data and discuss how 

underlying assumptions could lead to inference from personal experiences as opposed to what 

was shared by participants.  

 

4. Findings 

In this section, we describe what curricular messages about engineering practice each of the four 

participants described, how those messages aligned or misaligned with their own interests and 

values, and how the alignment or misalignment impacted their future engineering plans. 



 

4.1 Participant A - 3rd Year ME 

Curricular Messages: 

Participant A reported technical knowledge and analysis and building skills were the most 

emphasized skills and knowledge in her required courses due to the types of class topics and how 

classes build on each other’s content. She said: 

 

I feel like a lot of the classes that I've taken are related to [calculations and analysis], because 

they also build on each other. You have to take [Solid Mechanics], and then you can 

take…[Mechanical Behavior of Materials]... It's the specific ideas, just more and more in depth.  

 

Participant A perceived a variety of skills and knowledge were included in mechanical 

engineering courses, describing that most technical courses focused on calculations, analysis, and 

understanding of foundational knowledge, while design courses focused on application of skills, 

teamwork, and creating and building in hands-on ways. She noted that there were only three 

design courses for students to learn these non-technical skills. 

 

She viewed ME as a broad discipline, and felt that the courses emphasized a breadth of content 

from a variety of engineering areas: 

 

“I think a.good skill to have is to understand a little bit of everything. The classes that we take 

now agree with this… we're constantly working with engineers from other fields…We have to 

understand a little bit of every other field, so we can communicate with them.”  

 

Curricular alignment with student interests  

Participant A described feeling very interested in the technical content of materials science and 

manufacturing more broadly and felt a strong sense of alignment with the content of her courses 

in this area. She was able to pursue a research experience with the instructor of her materials 

science professor focused on these topics to pursue these interests further. She also stated she 

desired more opportunities in courses to apply her knowledge and skills and better understand 

engineering choices. She expressed expectations for more hands-on experiences throughout her 

courses, not just in the design courses:  

 

“I think I expected more hands-on experiences, things like the [design courses]. I actually don't 

have as many classes about that as I thought I would. I really thought I would learn a lot more 

about things like, how different types of nuts and bolts work, and why we have to use a washer 

sometimes, and things like that. Actual applications, if you actually want to build something in 

your garage. I thought I would learn a lot more about that.” 

 

She explained how she had to find these experiences outside of classes through project teams and 

internships, where she realized her interest in manufacturing and production. 

 

Alignment or Misalignment to Future Plans: 

Overall, Participant A described an interest in the aspects of engineering practice emphasized in 

her coursework and an intention to persist in the field of engineering. Participant A discussed her 

plans to pursue a one year master’s program before getting a job in manufacturing at an 



aerospace company. She planned to apply content from one of her design and manufacturing 

courses in her future career. Participant A also discussed how she did not think some of her 

courses were relevant to what she wanted to do:  

 

At one point I took [Programming]...Basic coding skills, definitely, but data structure, maybe not 

so much. I don't know if I'm going to need a lot of the knowledge that I'm learning from system 

dynamics and control. Maybe, because for the production line, if you have robotic arms, that's 

definitely very related to that. I feel like that's not what I envision myself doing in the future, 

designing those things.  

 

4.2 Participant B - 3rd Year ME  

Curricular Messages: 

Similar to Participant A, Participant B described a noticeable difference in practices emphasized 

in his technical courses and practices emphasized in his project-based courses. He said the most 

emphasized skills and knowledge in ME courses were technical modeling and analysis, 

teamwork, and communication. He discussed the dissonance between these two types of courses 

and desired more teamwork and communication within his technical courses. He also felt that 

some courses named practices that were important, but then did not follow through on 

emphasizing those skills in the course. For example: 

 

Always at the beginning of the year in the first lecture, the professor makes one note or slide 

saying “Remember the ethics in engineering and do the right thing for the world.” And then 

throughout the vast majority of courses that I have been in, it is never brought up again in any of 

the examples they use. The examples that they use are frequently purely technical...”  

 

This participant highlighted a key difference in his courses. While ethics as a practice in 

engineering is espoused by his professors and field, he stated a lack of integration of social 

considerations into his coursework. He further discussed that these classes could incorporate the 

core technical and social aspects: “whether that’s looking at different stakeholder views or 

looking at environmental impacts from an interpersonal human standpoint, rather than a tech 

standpoint…That’s something that is not highlighted in other engineering or even ME courses.” 

He indicated that many examples in his classes looked at simplified, out of context problems and 

solutions. 

 

This participant also said that a good professional mechanical engineer needs a baseline of 

technical skills and understanding, dedication to learn and work, and technical communication. 

He learned this from his Design and Manufacturing II course. “The techcomm paper… feels like 

a due diligence report a little bit where you need to show that you've put in the engineering work 

where it doesn't exactly matter if the end result is correct, but just that you legitimately tried and 

you took all of the things that you were taught in a short amount of time and applied them to the 

best of your ability…”. Participant B, further, characterized mechanical engineers as a more 

“generalist” engineer, where other engineering fields are a bit more specialized.  

 

Curricular alignment with student interests 

Participant B expressed a strong sense of misalignment with the ME field and his ME courses. 

He named multiple examples of topics he wished were integrated into courses to push students to 



think about issues like sustainability goals, how people are impacted by engineering solutions, 

and opportunities to situate work within local community contexts . He felt frustrated and 

exasperated by a lack of emphasis on these aspects in his classes. He discussed how this lack of 

consideration in engineering courses was rooted in capitalism and positivism within the field and 

industry funded by company and university interests, valuing the technical skills and content 

over others.   

 

Participant B described how he felt most of his ME courses didn’t address what he was most 

interested in and valued about engineering work, explaining he felt his “courses line up between 

25-35% with what I’m most interested in.” Even with the strong misalignment, Participant B 

named teamwork, communication, and complex problem solving of real-world systems as 

engineering work aligned with his interests, evident to some extent in his design courses. He 

discussed how engineering provides students with the complex tools to design complex systems, 

but it’s also within a capitalist system to make profit.  

 

Participant B also sensed that his priorities and goals were not well-aligned with those of his 

peers given his interest in sustainability and equity:  

 

“I'm here because I want to do renewable energy or make change in the world. Other people are 

here because engineering pays well or they're really interested in space and want to design 

spaceships. I feel a larger societal pressure to use the advantages that I've had just handed to me 

to try and make the world more equitable…” 

 

He perceived that the dominant mindsets of his professors were rooted in positivist beliefs about 

engineering. He expressed concerns about this emphasis, citing the harm engineering has the 

potential to do where “...science is separate from society…”, a separation he described as 

conflicting with his values. Further, he described “...in the overarching theme of ME, of 

meritocracy, of work your butt off, get paid well, don’t worry about the systems you’re designing 

for the government…In that sort of system, I don’t feel like I fit with that [ME] community…” 

with the ethical implications of that type of work conflicting with his motivations and values. 

 

While he expressed a strong sense of misalignment with the majority of his core courses, 

Participant B did find a sense of belonging and a connection and alignment with his values and 

interests in two ME electives: Racial Justice in Engineering and Sustainable Engineering Design. 

He expressed that these courses highlighted both the social and technical aspects of engineering 

work. The ME students and professors in these courses focused on impact, sustainability, and 

equity, as well as gave him the language and tools to more deeply understand the misalignment 

he was experiencing and critique his required mechanical engineering courses and the field.  

 

Alignment or Misalignment to Future Plans: 

Participant B expressed substantial frustration with his engineering training and planned to 

leverage his ME degree in a more broadly focused future career in renewable energy. He  

explained that his ultimate career goal was to create a non-profit: 

 

“...I work on a team with other engineers, but also with a lot of not engineers, some language 

based people, some culture based people, some society and community based people to develop 



renewable engineering solutions…highly affected either by the cost of energy in their area, the 

lack of environmental protection in their area, the environmental resources that they have…to 

create equitable distribution of renewable energy technologies to communities that don't 

traditionally have access [and the community takes ownership of the project].” 

 

He explained that he was most interested in working in a US context “because we have inequities 

and inequalities here just as much as other places around the world.” He intended to first work 

on renewable energy technologies at a smaller company for a few years before transitioning to 

less technical work focused on “...the human impacts of renewable energy or other highly 

societal engineering design”. 

 

Though Participant B had a desire to work in the renewable energy sector prior to starting 

university and he felt a majority of his courses had little influence on his career goals, he did feel 

his engineering training helped him develop technical understanding and technical 

communication skills that would enable him to discuss renewable energy concepts in 

understandable ways, so communities have the resources to understand and maintain the 

technologies. With regard to his required courses, he believed that technical communication and 

how to “move through the web” by critically thinking and solving problems would be most 

beneficial to his career plans, while content and skills from his elective courses on racial justice 

in engineering and sustainable technology design were the most relevant for his future career. In 

addition, he joined a project team and pursued an internship about wind turbine technologies 

after he learned about these opportunities from his introduction to engineering course. 

 

4.3 Participant C - Recent IE Grad 

Curricular Messages: 

Participant C reported that the most emphasized knowledge and skills in his IE courses related to 

technical knowledge and skills, such as optimization, business and finance, statistics/stochastic 

processes, simulation, machine learning, coding, modeling, and analytic skills, as well as how to 

look at problems:  

 

“I can’t walk into a restaurant without thinking about how is this line, like a queue, how can we 

make this better? My brain is basically geared towards looking at problems and trying to make 

things better…finding inefficiencies and solving them.”  

 

He explained many of his courses had application-based problems and utilized different skills 

and approaches. He perceived optimization and computational methods to be the topics 

emphasized most in the curriculum. He noted that while the curriculum included content on 

cultural engineering and human factors, these were less emphasized. Additionally, in his senior 

design course, he described having the opportunity to develop professional engineering skills 

such as working on a team, holding people accountable, navigating conflicts and issues of 

unequal contribution, and thinking critically.  

 

Based on his experiences in engineering courses in other disciplines, Participant C perceived 

many engineering fields place an emphasis on problem definition and analysis, figuring out 

technical methods to solve problems, and proposing solutions. However, compared to other 

fields like ME or aerospace, he felt IE placed a greater emphasis on broader skills beyond 



physical solutions. He described the field as“...more on the delivery of the product, where the 

product is in our long term view, resources used to make the product…We think to make things 

efficient.”  

 

Curricular alignment with student interests 

Participant C expressed strong alignment between IE course content and his own engineering 

values and interests. He described how he had enjoyed a majority of his classes due to a variety 

of applications and topics “...on the cutting edge of IE”, and how it was interesting to approach a 

problem with different methods and skills from different classes. Additionally, Participant C 

described how he enjoyed his Global Cultural Systems Engineering course, which integrated 

philosophy and social aspects into engineering: 

 

“Understanding cultural values and stuff like that makes so much sense…when you're coming up 

with an engineering approach in another country, you need to think about these things because it 

might not work the way it works in the U.S.” 

 

He never felt pressured to do a certain type of IE work; he perceived he had the flexibility to 

learn a bit of everything IE had to offer and dove deeper into his interests. He did wish, however, 

that more coding and machine learning courses were offered in the curriculum due to their 

relevancy in IE and industry.  

 

Participant C mostly expressed alignment of values and interests in engineering with his 

professors and peers. He described how professors “...love to hear what we are passionate 

about, especially in office hours, a lot of just small talk [we] have with instructors,” especially 

about his experiences with healthcare research. He discussed how he aligned with some peers 

and instructors through “helping people or doing something you care about,” especially in his 

healthcare research experience. He did point out, however, a more common value of engineering:  

 

“I definitely think a lot more engineers would say they value solving problems and I think that's 

not a coincidence, that's what engineers do…I think that's something that would come up a lot 

more than potentially other people. And the instructors, [problem solving is] what they've 

dedicated their life to doing. Someone that has a PhD in IE is probably pretty dang good at 

solving problems…” 

 

Alignment or Misalignment to Future Plans: 

Participant C expressed an interest in applying his IE training within the healthcare field, doing 

work related to healthcare policy and consulting. In the short term he planned to go into 

consulting, “...striking a lot of deals with healthcare companies…being able to pitch IE 

solutions…to say, okay, now, we're going to use this type of optimization model to improve your 

efficiency by X amount and we can predict it this way because we have information on how your 

company functions…” He was considering the possibility of eventually pursuing a policy or 

public health master’s degree, and did not rule out a PhD in IE so he could start his own 

healthcare consulting firm using IE methods and solutions.  

 

He explained that his interest in healthcare was shaped by his undergraduate experiences 

working in a research lab with the local hospital trying to improve the system during the 



COVID-19 pandemic and how that impact had “fortified my values for helping people…when 

you can see the change you’re making…” He anticipated drawing on much of what he learned in 

his coursework in this future work, including operational mathematics, optimization skills, 

improvement of processes, and technical communication. His IE courses shaped his desire to use 

“data driven solutions,” mathematical models, and tools, planning to use every skill he learned at 

some point in his career. 

 

4.4 Participant D - 3rd Year IE 

Curricular Messages: 

Participant D described data analysis and use of statistics in optimization techniques as the most 

emphasized skills and knowledge in his IE courses, noting instruction on these topics across 

multiple courses that built upon one another. He saw his courses in quality engineering principles 

and optimization and computational methods as foundational and applicable to many different 

disciplines; in particular, he viewed optimization as typical IE work “...combin[es] all the stats 

we’ve learned, the optimization methods…basically every core course is incorporated in there.” 

He also named an emphasis on technical communication, stating “You have to be able to be 

concise, keeping to a certain word limit, use these terms, make sure anyone who’s reading it can 

understand.” He explained that his technical courses focused on one area of knowledge, such as 

business and finance, work organization, and operations management, while design courses are 

the application of knowledge from multiple technical courses. He mentioned there hasn’t “felt 

like a huge teamwork component in most of [his] classes, there’s been [individual] projects.”  

 

He contrasted IE with other engineering disciplines given the field’s focus on “trying to improve 

processes, instead of the actual physical components of a system.” Further he explained, “it 

seems like most of industrial engineering’s very intangible, and we’re not really building, we’re 

just doing analysis, or trying to figure out ways to improve a process through analysis…”. To be 

a good professional industrial engineer, he learned that having comprehensive knowledge, clear 

and understandable technical communication, and problem-solving skills to “identify a 

problem...define, measure, analyze, interpret and conclude…” are necessary to be successful. He 

explained that the intangible nature of IE did not make him “always feel like an engineer.”  

 

Curricular alignment with student interests 

Participant D expressed strong misalignment between his IE degree and his personal interests 

and motivation for pursuing the degree. He felt the “[IE] department doesn't exactly do a great 

job of marketing what it does.” He felt his courses focused too heavily on statistics and 

manufacturing and not enough on business and organizational philosophy, which he found 

frustrating because prior to declaring a major“...everyone was telling [him] it's the business 

degree for engineers.” He chose IE after switching from aerospace engineering as “[it] was the 

closest to a business major or an economic major, so [he] just thought ‘Perfect, this is what I 

should be doing’.” Ultimately, he felt disappointed with the focus of his IE degree, explaining it 

did not challenge him to think broadly beyond the technical. He wanted different perspectives, 

and ways of thinking. He expressed a desire for a greater focus on business principles and their 

application within engineering. 

 

Participant D’s frustration with the focus of his coursework ultimately led him to regret his 

decision to pursue a degree in engineering.  He felt another major that focused more on both 



human behavior and mathematics would have been a better fit, but was reluctant to switch out of 

IE into a business or economics degree because he perceived such degrees to be less marketable 

for jobs and due to the high value of his university’s engineering degree. “I regretted doing 

engineering, and it was too late to switch into business...” Despite this regret, he was committed 

to completing his degree as he wanted “...to go work, and…have the degree”.  

 

Alignment or Misalignment to Future Plans: 

Ultimately, Participant D felt few of his IE courses were relevant to his future career and 

solidified his decision to pursue a career outside of engineering. He planned to pursue strategy 

consulting and investment banking after he completes his education. While Participant D 

described dissatisfaction with most of his courses, he felt they provided a lens to “...understand 

what [he’s] interested in personally at a deeper level”, equipping him with skills and knowledge 

about how organizations and systems are run, how to structure a facility, and find most optimal 

solutions. Though he did not intend to work in an engineering field, he did feel that finishing his 

technically focused engineering degree demonstrated his capabilities and that he could apply his 

engineering skills and problem solving methodologies in the finance field. He also anticipated 

that his coding training would open more doors for him professionally.  

 

5. Discussion 

5.1 Student perceptions of curricular emphases 

This paper presents an in-depth look into two mechanical engineering and two industrial 

engineering students’ perceptions of curricular emphases in their engineering disciplines, how 

these curricular emphases (mis)align with their own interests and values in engineering, and the 

extent to which this alignment relates to their persistence and career choices.  

 

All four participants perceived technical knowledge and skills to be the most emphasized 

practices in their courses. Technical skills of analysis, critical thinking, and problem solving 

were evident in both fields, but approaches and specific knowledge necessary to solve these 

problems differed by field. Furthermore, all participants believed their fields included broad 

skills and knowledge applicable to many different industries, although Participants C and D 

mentioned IE did not focus as much on physical dimensions compared to other engineering 

disciplines. This heavy focus on technological knowledge and skills is consistent with literature 

that points to an often narrowly technical emphasis within engineering training [1]–[4], despite a 

growing acknowledgement of the importance of a broad array of comprehensive engineering 

skills. A persistent underemphasis on broader less technical aspects of engineering practice 

within engineering training has been attributed to the field’s roots in positivist ideology and 

depoliticization of engineering, a dominant narrative excluding social and cultural considerations 

driving engineering work and decisions [5], [22], [65]–[69]. Interestingly, Participant B 

identified these ideologies as shaping the focus of the content in his engineering courses and 

informing his understanding of his own sense of misalignment and lack of belonging in his 

courses and in engineering, feeling these core cultural values of engineering were in conflict with 

his personal values.   

 

Participants who described the greatest misalignment between course content and their own 

interests desired greater emphasis on comprehensive engineering skills and knowledge in their 

courses, particularly in regards to ethics, equity, sustainability and the environment, and business 



and human organizational philosophy. This desire for courses to address these sociotechnical 

aspects was discussed by Participant B; he was frustrated that courses claimed the importance of 

ethics but did not teach ethics and lacked social considerations in problem solving. Participants B 

and C noted that their elective courses discussed aspects of sociotechnical work but that there 

were limited curricular opportunities beyond these courses. Participant D also expressed similar 

dissatisfaction with his courses and experiences in IE; he felt courses focused heavily on 

technical skills and did not discuss diverse perspectives and ways of thinking that affect solutions 

and decisions. Participant D switched into IE from another engineering field, hoping for greater 

emphasis on business aspects of the field, but still found himself surprised and disappointed by 

the focus of his IE courses, feeling he didn’t have many IE courses to explore human philosophy 

and other perspectives outside of technical practices within the major, needing to explore through 

consulting and business organizations. He felt unable to switch degree paths outside of 

engineering but decided to complete his degree finding motivation in his upper levels and 

ultimately pursue work in another field. His case highlights the importance for clear messaging 

to prospective students about the nature of engineering work that is consistent with course 

content in a given field. Further, his story illustrates how misalignment between course emphases 

and student interests can shape their intentions to persist in the field.  

 

Across both engineering disciplines, participants identified distinctions between project-based 

courses and more foundationally technical focused courses. Participants A and B described how 

they felt their design courses, including introductory and capstone courses, were their only 

classes focused on technical communication, teamwork, and application of technical knowledge 

to engineering problems, all technical competences necessary for engineering practice [10]. 

Participants A, B, and D expressed the desire to incorporate more application of knowledge and 

project-based learning or hands-on experiences throughout the curriculum, not just in design and 

introductory engineering courses. Differently, Participant C felt his courses included multiple 

skills and knowledge that he found applicable to his research experiences, though he wished for 

more coding and machine learning in his courses. Still, his only mention of teamwork, by 

navigating group conflict and work delegation and contribution, and leadership, was in his senior 

design course, associating the focus of these skills in design-based courses. Students’ 

experiences of these course emphases may reflect the common curricular structure in most 

engineering disciplines relegating practices such as leadership, technical communication, and 

teamwork to introductory and capstone design courses [70] and the need to incorporate more 

project-based learning and skills in technically focused courses [71], [72] .  

 

Participants A and C felt the most alignment of their values and interests with curricular 

emphases of their disciplines, while Participants B and D felt misalignment between their values 

and interests and their discipline’s. Curricular practices and messaging that align with student 

interests and values can heavily influence a student’s ability to see themselves in future 

engineering careers and pursue further engineering study [13]. Participants B and D expressed 

how they felt their courses had little impact on shaping their future career interests and the types 

of jobs they wanted to pursue, while Participants A and C made connections between their 

engineering courses and future careers more directly. Participants B and D especially noted how 

they would not pursue engineering careers common in their fields after graduation but would 

utilize their engineering degrees and skills to carve their own paths. As the figured worlds 

framework suggests, the extent to which messages about the dominant forms of engineering 



practice in a given discipline align with students’ own values and interests have implications for 

how students are perceived and perceive themselves as “fitting well” in the discipline. A lack of 

alignment with these dominant forms of practice may influence students’ choices to pursue 

careers less closely aligned with traditional engineering work. Conversely, those whose personal 

engineering practice is well-aligned or valued in their discipline may be more inclined and better 

positioned to continue in a well-aligned traditional career path. This phenomenon was evident in 

our study in that Participant A had research, internship, and co-curricular opportunities that 

reinforced her belonging in engineering and alignment with her goals and interests in aerospace. 

Participants B and D needed to pursue internship and co-curricular opportunities they perceived 

as belonging in a niche part of engineering or outside of the engineering field altogether to 

advance their sociotechnical interests in non-profit community-focused sustainable engineering, 

and business and organizational philosophy, respectively, while Participant C was able to 

combine his passion for helping people with his IE interests and still align himself with IE 

because of his accepted research experiences in his discipline.  

 

While all participants articulated how they planned to use and benefited from the development of 

technical expertise, technical communication, and problem-solving abilities from their 

engineering degrees in their future careers, this study illuminates the risk of students who value 

broader engineering skills and foregrounding societal impact in their work may be relegated to 

the margins of the field or leave engineering entirely. All participants, but especially Participant 

B and D, described their discipline’s traditional engineering career paths as contrasts to what 

they wanted to do. This may point to a perception of lack of options or diversity of engineering 

career possibilities beyond what is traditionally considered. Also, if a student has interests and 

values that misalign with what they see as the dominant narratives for their discipline, this 

disconnect may influence a student’s sense of belonging or force students to conform or isolate 

part(s) of themself from their engineering work [50], [73], [74]. Such disconnects may even 

perpetuate deficit narratives or harm to minoritized and marginalized students by faculty and 

peers [50], [75] while encouraging or validating values and interests held by the majority. One 

way of centering interests and values of marginalized students could be through incorporating 

and opportunity for these students’ to connect engineering to their cultural and lived experiences 

[51], [54], [76]. By including intentional engagement of broader knowledge, skills, and values in 

engineering, more diverse student voices and needs can be centered, and reimagine who can be 

and what is an engineer.  

 

5.2 Limitations 

There are several limitations worth noting to provide context to our study’s findings. First, the 

summary of our findings in the present paper is based on a small subset of our study data, 

representing only one data type with a fraction of our study participants. While we used this 

paper to explore in depth a range of perspectives expressed by students related to their course 

emphases and how these aligned with their own engineering goals and interests, findings from 

this data may differ from themes evident in our larger study. The full study includes triangulation 

across multiple data types (i.e., first and second interviews with over 60 participants, course 

observations from multiple courses in each discipline, interviews with the faculty who teach 

those courses, and a student survey for both disciplines) to capture curricular emphases of each 

discipline from a variety of sources and how these relate to student interests and career 

intentions. 



A related limitation of this study was in diversity of participant identities. For instance,  only one 

participant identified as a woman. Since we wanted to provide a deep narrative analysis and 

selected a small number of participants based on the range of alignment for each discipline, we 

did not achieve a full balance in demographics across participants.  

 

Additionally, the extent to which students were able to reflect on and articulate their perspectives 

on how engineering course content aligned with their personal values or interests varied. While 

some students were readily able to discuss engineering culture and community, they sometimes 

struggled to reflect on what engineering practices they personally valued or thought aligned with 

their peers or instructors. These students discussed the extent of alignment with peers and faculty 

in terms of mutual desire to do well in courses, perception of instructional outcomes, or common 

struggle over assignments and difficulty of a class, rather than what practices they thought were 

valued in engineering or what practices they wished were a part of or missing from engineering. 

We asked follow-up questions and rephrased questions to gain further explanation regarding 

course emphases and students’ own interests, but we needed to balance a desire for greater 

clarity with a need to avoid potentially leading questions and want to acknowledge some 

responses lacked the depth we were seeking. Social desirability may have been another factor 

shaping students’ responses, as some may have been hesitant to critique the focus of their 

engineering training to others, as our study team includes faculty members in each department 

studied. 

 

5.3 Implications for Educational Practice and Research 

Based on these findings, we have some recommendations for engineering education practice and 

research. First, directly integrating and connecting broader social, economic, political, 

environmental, and cultural contexts into technical engineering courses to encourage critical 

thought, learning, and impact of engineering work in the development of comprehensive 

engineering skills. Supported by the ABET requirement that engineering decisions and informed 

judgments “must consider the impact of engineering solutions in global, economic, 

environmental, and societal contexts” [30], there is ample opportunity, desire, and need for 

engineering courses to expand and more explicitly incorporate comprehensive knowledge and 

skill development in course instruction through case studies [77]–[79], explicit activities in 

projects and problem-solving to think about stakeholders and how broader contexts affect 

engineering work [67], [80], [81], engineer positionality and reflection on their decisions and 

identities as it relates to their work [33], [82]–[84], and assessments and tools [31], [85].  

 

Additionally, there is a growing body of work in incorporating sociotechnical knowledge and 

skills in more technically focused engineering courses [86]–[90]. A recent study by Judge, 

Finelli, and Lord (2022) included the design and study of a sociotechnical module for exploring 

the implications of and building skills in social responsibility with learning objectives, pre-class, 

in-class, and post-class activities to connect the broader social, environmental, and political 

contexts surrounding electric vehicle technologies for a circuits course [88]. While this module is 

still being studied for its impact on developing sociotechnical skills, it is a starting point for 

integrating sociotechnical content into engineering technical courses, and we would be interested 

to see the research, practice, and impacts of expanding this content into other concepts, courses, 

and engineering disciplines.  

 



Secondly, in addition to broadening engineering knowledge and skills, engineering programs  

also need to broaden communication of career opportunities and career options for engineering 

students beyond a discipline’s traditional engineering careers.  This will be especially important 

for students who seek a larger impact of their work in solving today’s world problems or have 

values or interests that misalign with curricular messaging in their courses.   

 

Thirdly, this study looked at one large, Midwestern university and two engineering disciplines. 

In order to develop a deeper understanding of practices, values, and interests of engineering 

students and their future plans, we must look at a greater variety of universities and colleges, 

students’ interests and needs, and how students (mis)align with their respective discipline. This 

work complements and extends existing work on undergraduate engineering students’ 

motivations for studying engineering, but expanding upon the curricular content and impact will 

only benefit the field, help understand ways of retaining diverse students, and enhance outcomes 

of engineering courses and programs.  

 

6. Conclusions 

In this study, we compared curricular messaging perceived by two industrial engineering and two 

mechanical engineering students via semi-structured interviews about what they saw as valued 

practices central to their respective engineering discipline. Guided by the figured worlds 

theoretical framework, we analyzed how these practices aligned with student interests and values 

in engineering, extent of recognition by peers and faculty of important skills and knowledge, and 

how these factors impacted student career choices and interests. Participants reported technical 

knowledge, problem-solving, teamwork, and technical communication were most emphasized 

across the two disciplines. Students with the most misalignment of practices in their field desired 

more sociotechnical skills and development, which was underemphasized or almost entirely 

nonexistent in most engineering courses, and desired careers focused on integrating these skills 

and creating pathways beyond more traditional engineering careers. This work supports 

development of sociotechnical skills and knowledge through engineering curriculum and can be 

further expanded to explore curricular messaging of engineering practices to other engineering 

disciplines and university contexts.  
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