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Who’s Smarter? Beliefs about Smartness and Self-Identities 
Across Institutionalized Educational Pathways into Engineering 

 

Executive Summary 

Introduction 

The underrepresentation of non-male and non-white individuals continues to be a persistent 
problem at all levels of engineering [1, 2]. In undergraduate education, multiple pathways into 
engineering degree programs (e.g., introductory courses offered at regional campuses and 
community colleges) are often viewed as a way to broaden participation in the field by 
increasing access and affordability. However, research within the K-12 context has uncovered 
that educational tracking practices, similar in structure to the pathways seen in higher education, 
function in ways that perpetuate social inequalities. Often students in less prestigious tracks 
develop lower self-beliefs and educational attainment goals while being offered less resources 
and educational support [3]. Despite these parallels, little is known about how institutionalized 
pathways function in higher education in terms of equity, access, and inclusion. 

In addition to the lack of knowledge about institutionalized pathways, little is known about the 
impact of beliefs about what it means to be smart in engineering. This is important because with 
an emphasis on math and science, common public messaging emphasizes that in order to be an 
engineer, one has to be smart [4, 5]. Indeed, prior work has indicated that being recognized as 
smart is somewhat of a prerequisite in engineering as the students who pursue engineering are 
those who have been given messages within their K-12 educational experiences that they are 
smart [6]. Further, students who leave engineering are often considered by others (and 
themselves) as simply not “cut out for engineering” based on how ability is constructed within 
engineering classrooms via even the most mundane, day-to-day interactions [7]. As such, the 
beliefs that students hold about smartness and how they identify as smart can impact who 
chooses to pursue engineering, through what pathways they engage, and who persists in 
engineering degree programs.  

The overall objective of this study is to understand what, if any, patterns exist in the beliefs about 
smartness and self-identities of undergraduate engineering students across institutionalized 
pathways. Specifically, this three-year qualitative study aims to answer the following research 
questions: 1) What do students believe about smartness and engineering, and 2) how do students 
express their self-identities as smart and as engineers? In this executive summary and poster, we 
will report on initial findings from preliminary analysis of the first of a series of three interviews 
over the course of our participants’ first- and second-years including engineering students from 
six different institutionalized pathways that feed into one college of engineering.  

Methods 

For this qualitative, exploratory study, we recruited first-year engineering students from across 
six institutionalized pathways, which are all designed to funnel into earning an equivalent 
engineering degree (community college, regional campuses, alternative math starting point, 



standard, residential learning cohort, and honors) at a large research-focused university in the 
Midwest. During the Spring 2020 semester, we selected 37 participants to interview based on 
their responses to several open-ended questions (e.g., please describe your educational 
background) and demographic information. The goal of our sampling plan was to capture stories 
of participants from different pathways with varying social identities and life experiences. Our 
initial plan was to obtain a demographically representative sample, however, we ended up 
slightly oversampling those from minoritized groups and non-traditional students to ensure that 
we were capturing variation in the life experiences of the participants. Of the 37 participants, 28 
also participated in the second and third interviews during the Autumn 2020 semester and Spring 
2021 semester, respectively.   

In accordance with IRB approved procedures, the first (of three) interviews took place during the 
Spring 2020 semester in the midst of the change to online instruction caused by the COVID-19 
pandemic. The interviews were semi-structured one-on-one interviews and lasted approximately 
60 minutes. The interview protocol consisted of questions related to each of our main constructs 
of interest (i.e., beliefs about engineering, beliefs about smartness, smartness identity, 
engineering identity). The interview protocol was piloted and refined during the Autumn 2019 
semester to ensure that the interview questions elicited responses from the participants that 
would answer our overarching research questions [8]. For the second round of interviews 
(Autumn 2020), the interview protocol consisted of questions that focused primarily on how the 
participants’ beliefs about smartness impacted their academic decision-making. For the third 
round of interviews (Spring 2021), the interview protocol consisted of questions based on our 
preliminary findings (which are presented in this paper) consisting of mostly follow-up questions 
related to how being identified as smarter than others have mattered in their lives and an explicit 
discussion of the qualities that they believe make engineers smarter than others. 

To date, we have completed the preliminary analysis of the first round of interviews. We began 
our analysis with a structural coding technique to categorize the data [9]. Structural coding was 
also helpful as this study involves multiple complex constructs; thus, our approach allowed us to 
categorize the data in such a way that we could see where the constructs initially overlapped 
(e.g., beliefs about smartness overlapped with beliefs about engineering). The next step in the 
data analysis was a more inductive coding approach, which involved breaking down each 
structural category into discrete codes and them comparing for similarities and differences across 
categories [10]. Two members of the research team iteratively developed the codes within each 
main category of data. We then compared the codes across the main categories of data and 
across the pathways to see which codes were more salient in the given pathways. Future work 
will consist of data analysis for the second and third rounds of interviews as well as a longitude 
comparison of how the participants’ beliefs and identities changed or developed over time in 
addition to across pathways. 

Initial Findings 

Research Question 1:  Students define engineering and smartness in similar ways indicating 
that there is significant overlap between how students conceptualize engineering and smartness.  



Our initial findings based on the first round of interviews indicate that beliefs about engineering 
and smartness are intricately connected for the participants. Not surprisingly, the consensus 
among students regardless of the pathway is that engineering is primarily about solving complex 
problems. Additionally, when students were asked to define what it means to be smart, the 
students provided similar definitions of smartness. For example, a common response when asked 
what makes somewhat smart was the ability to apply knowledge to solve problems.  

“[a good engineer] is someone who has really good problem-solving skills and someone 
who can think like, not outside the box completely, but they can find different ways to 
create something that is needed.” – Daisy (community college) 

“I think a smart person is like really tactful in how they approach problems and they're 
not lazy that they don't want to fall back on someone else or some other outside source. 
Like they want to, they really try to use their own brain to come up with a solution..” – 
Chris (alternative math) 

We also found that engineering students generally believe that engineers are smart and thus to be 
an engineer one must be smart. These findings mirror the dominant narratives and messaging 
that are pervasive within and about engineering [5, 11]. This indicates that students are 
reproducing these dominant messages about what it means to be an engineer while aligning those 
narratives with what it means to be smart. As suspected, our findings indicate that engineering 
and smartness are intricately connected for these students. As such, beliefs about the self as 
smart and as an engineer are also connected.  

Shifting Research Questions 1: Beliefs about smartness are really about what makes someone 
(or themselves) smarter than others 

The second significant finding from our preliminary analysis has led to a pivot from the research 
team to shift the focus of our first research question from asking what do students believe about 
smartness in engineering, to how do students decide who is the smarter (or smartest) engineer? 
This came from the realization that when students discussed smartness, it was typically framed in 
a comparative way. For example, we found not only that students believe that engineers are 
smart but that they are smarter than others. Being smart is not just about meeting some standard 
but rather something determined through social comparisons. For example,  

“I think there's just that general sense about STEM majors, particularly 
engineering…thinking that engineering’s the hardest major there is and how we're so 
much better than arts and science.” – Skyler (Standard) 

“I definitely feel like there's a bit of a stigma against engineering students… there's a 
stereotype of like a prideful engineering student, you know, like a student who just thinks 
they're better than every other student. Um, which I mean, being in an engineering class I 
have seen and I have fallen into that trap a few times.” – James (Regional Campus) 

Our shift in conceptualizing smartness as a means of social comparison aligns with extant 
literature on smartness [12]. In her work, Hatt argues that smartness is a cultural practice, 
meaning that it is something that we do to each other (and ourselves) based on the implicit 



judgments we make within our local environments (e.g., a classroom, an educational system). 
This then results in social positioning and power for those identified as smart.  

Research Question 2: Students' beliefs about what makes one smarter are similar across 
pathways, yet smartness functions differently across pathways 

Although the students generally had similar broad definitions of smartness and engineering (i.e., 
problem-solving), the nuanced differences in how the students talk about smartness across 
pathways have led the research team to an understanding that smartness is functioning differently 
for students in their beliefs and identities among pathways. For example, for some students 
smartness is functioning as social status, a way to access opportunities, or a motivational 
influence, to name a few. Our analysis is still ongoing and thus we are still working to uncover 
how these functions align across pathways, but one finding that is clear is that smartness for 
students in the more prestigious tracks (e.g., honors) is functioning as an identity. For these 
students, their identity as a “smart” student is often more salient than their engineering identity.  
For example, J, an honors student, had the following response when asked if being smart was a 
big part of who he is:  

“[I’m] always kind of going for that next big thing. Always trying to go above and 
beyond. Um, the whole double-majoring thing. Um, being involved with research…and 
being in honors and trying to do all of it. Um, I guess it's just kind of a big part of who I 
am” – J (honors) 

This may reflect the social stratification of educational tracking, with students internalizing 
available stories (narratives) of overachieving related to being smarter for those in more 
prestigious pathways [13]. Overall, we have noted that smartness is a function of the context in 
which it is constructed, and the context of each pathway is of importance in understanding how 
students construct their identities. As such, this finding is being further explored across 
pathways, and a conceptual model of smartness identity is in progress to help us further explore 
this finding.  

Future Work 

Future work will consist of the full analysis of the second and third rounds of interviews along 
with a more in-depth exploration of differences (and similarities) across pathways. Future 
longitudinal analysis will also consider how the participants’ beliefs and identities may have 
changed over time. Finally, as a preliminary finding of this work is that smartness can function 
as an identity, we also are developing a conceptual model for how to integrate smartness into 
engineering identity work based on our data and extant identity literature.  

Acknowledgments 

This material is based upon work supported by the National Science Foundation under Grant No. 
1920421. Any opinions, findings, and conclusions or recommendations expressed in this material 
are those of the author(s) and do not necessarily reflect the views of the National Science 
Foundation. 



References 
 

[1] National Science Board, Science and Engineering Idicators 2018. Arliington, VA, 2018. 
[2] G. Lichtenstein, H. L. Chen, K. A. Smith, and T. A. Maldonado, "Retention and 

persistence of women and minorities along the engineering pathway in the United 
States," Cambridge handbook of engineering education research, pp. 311-334, 2014. 

[3] J. Oakes, Keeping track. Yale University Press, 2005. 
[4] N. Sochacka, J. Walther, J. Wilson, and M. Brewer, "Stories ‘Told’about Engineering in 

the Media: Implications for attracting diverse groups to the profession," in 2014 IEEE 
Frontiers in Education Conference (FIE) Proceedings, 2014: IEEE, pp. 1-9.  

[5] National Academy of Engineering, Changing the conversation: Messages for improving 
public understanding of engineering. Washington D.C.: National Academies Press, 2008. 

[6] A. Kramer, C. Wallwey, G. Thanh, E. Dringenberg, and R. Kajfez, "A Narrative-Style 
Exploration of Undergraduate Engineering Students’ Beliefs about Smartness and 
Identity," in 2019 IEEE Frontiers in Education Conference (FIE), Cincinnati, Ohio, 
2019: IEEE, pp. 1-9.  

[7] S. Secules, A. Gupta, A. Elby, and C. Turpen, "Zooming Out from the Struggling 
Individual Student: An Account of the Cultural Construction of Engineering Ability in an 
Undergraduate Programming Class," Journal of Engineering Education, vol. 107, no. 1, 
pp. 56-86, 2018. 

[8] A. Kramer, E. Dringenberg, and R. Kajfez, "Development and Refinement of Interview 
Protocol to Study Engineering Students' Beliefs and Identities," presented at the The 
American Society of Engineering Education Annual Conference and Exposition, Virtual, 
2020. 

[9] J. Saldaña, The coding manual for qualitative researchers. Sage, 2015. 
[10] M. Miles, A. M. Huberman, and J. Saldana, Qualitative data analysis: a methods 

sourcebook (Qualitative Data Analysis: A Methods Sourcebook). Sage, 2014, pp. 275-
322. 

[11] A. L. Pawley, "Universalized narratives: Patterns in how faculty members define 
“engineering”," Journal of Engineering Education, vol. 98, no. 4, pp. 309-319, 2009. 

[12] B. Hatt, "Smartness as a cultural practice in schools," American Educational Research 
Journal, vol. 49, no. 3, pp. 438-460, 2012. 

[13] L. M. Nunn, Defining student success: The role of school and culture. Rutgers University 
Press, 2014. 

 


