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ABSTRACT

Common discourse conveys that to be an engineer, one must be “smart.” Our individual and
collective beliefs about what constitutes smart behavior are shaped by our participation in
the complex cultural practice of smartness. From the literature, we know that the criteria
for being considered “smart” in our educational systems are biased. The emphasis on select-
ing and retaining only those who are deemed “smart enough” to be engineers perpetuates
inequity in undergraduate engineering education. Less is known about what undergraduate
students explicitly believe are the different ways of being smart in engineering or how those
different ways of being a smart engineer are valued in introductory engineering classrooms.
In this study, we explored the common beliefs of undergraduate engineering students regard-
ing what it means to be smart in engineering. We also explored how the students personally
valued those ways of being smart versus what they perceived as being valued in introductory
engineering classrooms. Through our multi-phase, multi-method approach, we initially qual-
itatively characterized their beliefs into 11 different ways to be smart in engineering, based
on a sample of 36 engineering students enrolled in first-year engineering courses. We then
employed quantitative methods to uncover significant differences, with a 95% confidence
interval, in six of the 11 ways of being smart between the values personally held by engi-
neering students and what they perceived to be valued in their classrooms. Additionally, we
qualitatively found that 1) students described grades as central to their classroom experience,
2) students described the classroom as a context where effortless achievement is associated
with being smart, and 3) students described a lack of reward in the classroom for showing
initiative and for considerations of social impact or helping others. As engineering educators
strive to be more inclusive, it is essential to have a clear understanding and reflect on how
students value different ways of being smart in engineering as well as consider how these
values are embedded into teaching praxis.
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1  INTRODUCTION

Common public messaging promotes the narrative that to become an engi-
neer, one must be considered “smart,” and being recognized as smart is frequently
linked to high academic achievement in math and science [1, 2]. Students who
pursue engineering degrees consistently report being institutionally identified
within their K-12 education as smarter than others and, therefore, as good can-
didates to become engineers [3]. Engineering students and faculty alike believe
that engineers are generally high academic achievers [4]. Indeed, researchers have
directly observed that the cultural practices within undergraduate engineering
classrooms work to position some individuals as being “not cut out for engineer-
ing” [5, p. 57]. Being positioned in this manner has tangible social implications. Our
previous research has demonstrated that engineering students believe that being
recognized as smart by their peers and instructors is essential for gaining access to
the resources needed for success in engineering (e.g., support from faculty, input in
teams, scholarships, etc.) [6].

The assumption that not everyone is “smart enough” to participate in engineering
is problematic because who and what gets recognized as smart is biased. Researchers
have consistently demonstrated that perceptions about what it means to be smart
can function in exclusionary ways, maintaining inequitable social hierarchies [7-11].
For instance, the practice of tracking students in the pre-college American education
system based on perceived ability perpetuates inequities related to social class and
race [8]. By exploring the different ways that undergraduate students believe one
can be smart in engineering, along with examining how these perceptions are val-
ued on a personal level and within introductory engineering classrooms, we can
gain insight into how our individual and collective assumptions about what it means
to be smart enough to pursue engineering hinder efforts to be inclusive of diverse
individuals, knowledge systems, and motivations to study engineering.

2  LITERATURE REVIEW
2.1 Beliefs about what counts as smart are culturally dependent

Researchers have long argued that our perceptions of intelligence are culturally
dependent [12, 13]. In other words, what it means to act intelligently or what is con-
sidered smart in one cultural context may not be considered smart in another [13].
For example, researchers found that American-born parents believed that a per-
son could be intelligent but lazy, while Asian-American parents believed that intel-
ligence was inherently linked to hard work [14]. Another study on beliefs about
intelligence revealed that individuals from India were more likely to believe that
everyone has the potential to become highly intelligent compared to citizens of the
United States [15]. In addition to variations across different cultural groups, specific
professional groups may also hold different shared beliefs about what it means to
be smart. Within the engineering field, researchers have demonstrated that greater
emphasis is placed on analytical ability and technical skills rather than on ethical
or social knowledge and skills [16-18]. Similarly, a study of engineering faculty
found that the non-technical aspects of engineering (e.g., aspects related to the social
sciences) are the least valued [19].
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2.2 Theorizing smartness as a cultural practice considers
both social forces and individual agency

Beth Hatt [20] theorized smartness as a distinct cultural practice that occurs in
schools. Instead of simply stating that various cultures acknowledge different ways
of being smart, she used the work of Holland et al. [21] to argue that students’ funda-
mental ideas of who they are in school come from engaging in the cultural practice
of smartness. In other words, smartness can be understood not as an inherent trait
of any individual, such as an IQ score or a specific skill, but rather as an ongoing,
interactive process involving multiple people in a specific context through which
meaning is produced. In this research project, we adopt Hatt’s [20] theoretical per-
spective, which posits that beliefs about what it means to be smart are commonly
held among students and are shaped by their participation in the cultural practice of
smartness in general, in educational systems and collegiate engineering education.

The framing of smartness as a cultural practice is significant because it acknowl-
edges that cultures not only have rules, guidelines, and social forces (e.g., broader
systems of power and privilege) that influence individual behavior but also that
individuals have the agency to behave in ways that influence culture [21]. For exam-
ple, Hatt’s ethnographic study in an elementary school classroom revealed that
social forces, including biased behavior from the teacher, led to Black boys receiv-
ing less recognition and being positioned as less smart compared to their White
counterparts [20]. Additionally, Hatt demonstrated that marginalized students show
resilience by leveraging their agency to redefine their value (e.g., identifying as
“street smart”) within unjust systems [22].

In our specific context, Hatt’s theorization of smartness as a cultural practice implies
that as students engage in society, pre-college education, and then introductory engi-
neering courses, they are engaging in the cultural practice of smartness, through
which they learn and collaboratively form common beliefs about what it means to
be smart in the field of engineering. It also means that we acknowledge the agency of
students in co-constructing these common beliefs. In other words, it is important to
investigate not only the common beliefs in a given context but also to compare 1) how
students personally value the different ways of being smart that exist within a context
with 2) how those ways of being smart are enacted as valuable in the context.

3  PURPOSE AND RESEARCH QUESTIONS

While engineering is often linked with being “smart,” limited research has explic-
itly examined the beliefs and values held by students regarding what it means to be
smart in the field of engineering. In this study, we aimed to: 1) qualitatively charac-
terize the range of ways that undergraduate engineering students believe one could
be smart in engineering; 2) quantitatively compare the personal value students
placed on these different ways of being smart in engineering with how they were
valued in their introductory engineering classrooms; and 3) analyze qualitative data
from students discussing their classroom experiences as they justified their ranking
of the values enacted in classrooms to explore the connections between beliefs, val-
ues, and classroom experiences. Specifically, we will address the following research
questions:

1. What are the common beliefs that students hold about ways of being smart in
engineering?
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2. What are the differences between students’ personal valuations of being smart
and what is enacted as valuable in their introductory engineering classrooms?

3. Whatdid students draw on to justify the differences they reported between their per-
sonal values and the values enacted in their introductory engineering classrooms?

4  METHODS

We utilized a multi-phase, multi-method approach, which involved conducting a
series of three one-on-one interviews with engineering students enrolled in first-year
engineering courses over the course of approximately one calendar year. Figure 1 pres-
entsan overview of the research design, organized by phase and research question (RQ).

Phase 2: RQ 2 and RQ 3

Quantitative:
Data Collection: Follow up
Phase 1: RQ 1 interview ranking ways of

e being smart
Qualitative: " Data Analysis: Inferential
Data Collection: Statistics
Interview 1
Data Analysis:
Qualitative coding ) Qualitative:
% Data Collection: Follow up
interview questions
Data Analysis: Data display
matrix, thematic analysis

Fig. 1. Overview of research design

4.1 Participants and context

We recruited first-year engineering students at a prominent research-focused
university in the Midwest. With approval from the university’s institutional review
board, we selected 36 first-year engineering students to participate in the study
during the spring of 2020. We purposefully sampled students from various insti-
tutional pathways into engineering at the university. These pathways included:
1) community college, 2) regional campuses, 3) an alternative math starting point,
4) standard, 5) residential learning cohorts, and 6) honors. Each pathway provides a
version of the same two-semester first-year engineering course sequence, which is a
mandatory requirement for an engineering degree at the institution that grants the
degree. The two-semester course sequence aims to introduce students to topics such
as engineering problem-solving, graphics, computer-aided design, programming,
teamwork, and oral and written technical communication. We include students
from various pathways to enhance diversity in our sample, particularly in terms of
the contexts in which they were introduced to engineering.

We experienced some attrition during the research study, with only 28 out of the
initial 36 participants completing both the first and follow-up interviews. Although
we aimed to have an equal number of participants in each pathway, there was
greater attrition in the alternative math starting point and community college path-
ways compared to the others. Table 1 presents a list of participants who took part
in both the initial and final interviews, along with their pseudonyms, pathways,
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gender, and race. The participants were given the opportunity to choose their own
pseudonyms (or use their real names), as well as indicate gender and racial identity.
We have included these demographic details to enhance the transferability of the
findings and to align with the call to “shift the default” [23] by being transparent
about the race and gender of the participants involved in this study.

Table 1. Participants’ pseudonyms, institutionalized pathways, and social demographics

Pseudonym Pathway Gender Race
Ace Honors Program Male White, Hispanic/Latinx
Anna Standard Program Female White, East Asian
Apple Honors Program Male White
Carrie Alt. Math Female White
Charlie Residential Cohort Male White
Daisy Community College Female Hispanic/Latinx
Daniel Honors Program Male White
David Honors Program Male East Asian
Emma Residential Cohort Female White
Frank Regional Campuses Male White
Hailey Standard Program Female Asian
Hannibal Regional Campuses Male White
] Honors Program Transgender Male White
Jack Honors Program Male South Asian
Jackie Residential Cohort Female White
James Regional Campuses Male White
Jimmy Residential Cohort Male White
Kaylee Regional Campuses Female White
Kelvin Standard Program Male East Asian
Lynn Regional Campuses Female White
Magic Standard Program Male African American, White
Molly Residential Cohort Female White
Nehemiah Alt. Math Male White
Paul Community College Male White
Robert Community College Female White
Sarah Honors Program Female White
Skylar Standard Program Female White
Wyatt Residential Cohort Male White

4.2 Beliefs and values as research constructs

This project focused on students’ beliefs as a research construct. Beliefs are a
complex construct that lacks a working definition within or across fields [24]. We
operationalized beliefs as students’ espoused beliefs about ways of being smart
in engineering. This operationalization is evident in our methods for Phase 1. We
explicitly asked students to discuss what defines an engineer, a smart person, and a
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smartengineer. Of course, espoused beliefs, or beliefs that one can explicitly articulate,
do not capture (and may contradict) the implicit beliefs that operate outside of our
conscious awareness but may still influence our worldview and behavior [25, 26].

In Phase II, which focuses on values as the research construct, we asked students
to rank the common beliefs about ways of being smart in engineering from Phase 1.
Values refer to the importance we attribute to an idea, and our beliefs are embedded
within our values [27]. Having them rank the order twice enabled us to specifically
compare their personal values with the values enacted in their introductory engi-
neering classroom. This distinction is also important as we focus on the values that
were implemented through the classroom practices they experienced, which may
not necessarily reflect the values of the instructor or institution [28].

4.3 Data collection and analysis: Phase 1-characterizing the common
beliefs about ways to be smart in engineering

In the initial semi-structured, one-on-one interview, we inquired about partic-
ipants’ beliefs about engineering, beliefs about being smart, and how (or if) they
identified as smart and an engineer. Interview questions were piloted and refined
prior to the interviews to ensure that they would prompt participants to provide
responses that addressed the primary research questions [29]. The interview valida-
tion process consisted of pilot interviews and an iterative, collaborative refinement
process, as detailed in a previous publication [29]. The interviews took place during
the second semester of the participants’ introductory engineering course sequence.
Each interview lasted approximately 60 to 90 minutes and took place either in per-
son or via the video communication platform Zoom. After transcribing and cleaning
the interviews, two members of the research team analyzed them using a struc-
tural coding technique to condense the data and organize it according to the major
constructs of interest, such as beliefs about smartness, beliefs about engineering,
identity as smart, and identity as an engineer.

Two members of the research team then analyzed each excerpt resulting from
the structural coding to develop emergent and distinct codes based on the students’
shared beliefs within the categories [30]. Through an iterative and collaborative pro-
cess that included weekly analysis meetings over the course of three months, we
collectively developed 11 common beliefs about the ways of being smart in engi-
neering. We considered a belief to be common if it was explicitly espoused by at least
approximately half of the participants in an interview transcript.

4.4 Data collection and analysis: Phase 2-quantitatively comparing personal
and enacted values of the different ways of being smart in engineering

We conducted follow-up interviews approximately one year after the initial inter-
views. Similar to the initial interviews, the follow-up interviews were conducted
one-on-one, lasted approximately 60 minutes, and were held using the online video
communication platform Zoom. We asked participants to reflect on their experience
in their introductory engineering sequence. We presented the 11 different ways to
be smart in engineering, which were generated in Phase 1, as a list. Then, we asked
the participants to rank the 11 different ways twice, once based on each of the following:

1. What personally makes them feel smart enough to be an engineer.
2. What people did to be recognized as smart enough to be engineers in their
introductory engineering course.
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We designed this phase of data collection to enable us to quantitatively compare
the common beliefs about the different ways of being smart in engineering to assess
which beliefs were 1) personally valued by students, representing their agency
when participating in smartness as a cultural practice, and 2) enacted as valued
in introductory engineering courses, representing the social forces that influence
students as they participate in the cultural practice of smartness in introductory
engineering classrooms. We conducted a quantitative analysis of the interview
rankings to determine the overall average rank value for each item, considering
both personally held and classroom-enacted values independently. We then con-
ducted a paired t-test with a 95% confidence interval to determine the statistical
significance of the personal value and enacted value for each way of being smart
in engineering.

4.5 Data collection and analysis: Phase 3-qualitatively exploring differences
in personally held values and the values enacted in classrooms

After students ranked the different ways of being smart in engineering twice
during the follow-up interview, we asked probing questions to understand the basis
for their rankings and to provide us with a rationale or justification. The probing
questions included asking them to provide specific examples from their introduc-
tory engineering classrooms that influenced their ranking. We used this qualitative
data to provide context and make sense of the participants’ quantitative rankings.
We utilized a data display matrix to condense the interview data from all partici-
pants and followed it up with a thematic analysis [30]. Two members of the research
team conducted the analysis independently and then convened at weekly meetings
over the span of two months to discuss their findings. We utilized a collaborative
and iterative approach to identify themes based on what students drew from their
introductory classroom experiences to justify their ranking of the items.

4.6 Researcher positionality

Acknowledging the influence of our positionalities on the research process, we
recognize the importance of reflecting on and being transparent about the aspects
of our identities that shape our work [31]. In this study, our race, gender, and roles
as engineering educators and researchers are especially relevant. We all identify
as White women who have benefited from White privilege. We have all been iden-
tified as “gifted” throughout our educational experience and hold advanced degrees
in engineering. Therefore, our participation in smartness as a cultural practice has
largely positioned us as smart and has also influenced our beliefs and values regard-
ing ways of being smart. Nevertheless, as women in the engineering field, we have
encountered scrutiny regarding our abilities. Gendered aspects of the cultural prac-
tice of smartness have negatively impacted each of us in various ways and at differ-
ent times. Additionally, all the authors of this paper have taught in the introductory
engineering course sequence at the center of this research. Therefore, we feel per-
sonally responsible for the experiences of students and the values enacted during
their classroom experiences, as these reflect the classes in which we hold positions
of power. Drawing on our positions, including our privileged perspectives, position-
ing as smart, and lived experiences as women, we were motivated to undertake this
study. By examining students’ beliefs about smartness and reflecting on our experi-
ences as educators in the classroom, we aim to critically analyze the cultural practice
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of smartness within introductory engineering classrooms and provide pedagogical
recommendations to challenge its perpetuation of the status quo.

5  RESULTS AND FINDINGS
5.1 RQ 1: What are the common beliefs that students hold
about ways of being smart in engineering?

Through our qualitative analysis of the initial round of student interviews, we
identified 11 common beliefs about ways of being smart in engineering based on the
expressed beliefs of the participants. Table 2 presents the 11 common ways along
with their definitions and an example quote to illustrate how the way of being smart
was represented in the data. The different ways of being smart are provided in the

table in alphabetical order.

Table 2. Students’ common beliefs about ways of being smart in engineering

Way of Being Smart " N“‘F“.’er ot
in Engineerin Definition Example Quote Participants
g g Out of Initial 36
1. Achieving with Smart engineers achieve with little “If you’re already really smart, you don’t always have 20
little effort effort. Achievements primarily to put as much effort into things in order to get the
included getting good grades in their | same amount of output or even greater output at
engineering courses. times.” — Jackie
2. Applying math Smart engineers can appropriately “What does it mean to be smart? I feel like I think 15
and science apply math and science to smartness is the ability to be able to figure something
solve problems. out in like the analytical sense. You would be given a
problem like math, physics or whatever, and you have
the skills and ability to figure that problem out.” — Molly
3. Being born with Smart engineers are born with innate | “Some people are just born more gifted at problem 18
Innate ability abilities. This can include innate solving than others. And of course, that also comes
problem-solving abilities or innate from, like, nature.” — Ace
abilities in math and science.
4. Communicating Smart engineers communicate well in | “/Engineers] are good communicators...really good at 19
well in teams teams and are good at collaborating teamwork because I feel like without teamwork you
with others. cannot be an engineer.” — David
5. Getting Smart engineers get good grades in “They get good grades; I think that’s what makes people 21
good grades their engineering courses. smart.” - Jack
6. Helping others/ Smart engineers help others and work | “/Good engineering] is creating new inventions to help 20
making the on projects that make the world better. | or benefit the world. Just trying to progress things past
world better where they are right now.” — Anna
7. Showing initiative | Smart engineers show initiative, which | “/A smart engineer] is always striving. He’s always at 18
can include taking on leadership roles | the top. You can see that he’s always doing good and
and being confident. he’s always taking leadership for all the projects and
stuff.” — Dwight
8. Solving complex Smart engineers solve “Problem solving, that’s like an extremely, important 27
problems complex problems. characteristic to have for being smart and being an
engineer. That’s pretty much like your job as an engineer
is to problem solve.” — Carrie
9. Thinking creatively | Smart engineers think creatively “[Smart engineers] kind of think outside the box and like 21
to come up with outside of the box come up with, like, new ideas, creative.” — Wyatt
solutions to problems.
(Continued)
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Table 2. Students’ common beliefs about ways of being smart in engineering (Continued)

Way of Being Smart " N““.“‘?er ot
in Engineering Definition Example Quote Part1c1pa_nts
Out of Initial 36
10. Working Smart engineers are efficient, which “ saw these people who could take these problems 20
efficiently can mean solving complex problems and actually solve them pretty efficiently that I just
quickly, understanding concepts considered to be pretty smart.” — Apple
quickly, or getting good grades with
minimal effort.
11. Working hard Smart engineers work hard, which can | “You always have to keep trying if you want to be smart, 18
include being dedicated and persistent. | because it’s always evolving and pushing.” — Robert

Our findings reveal that students commonly believe in a variety of ways of being
smart in engineering. This demonstrates that these different ways of being smart are
embedded in the discourse and broader experience of engaging in smartness within
engineering education.

In the following sections, we will further explore the beliefs of engineering
students by examining the differences in how they personally valued the various
ways of being smart with what they perceived as valuable in their introductory
engineering classrooms.

5.2 RQ2:What are the differences between students’ personal valuations
of being smart and what is enacted as valuable in their introductory
engineering classrooms?

In Table 3, we present the results of the inferential statistical analysis considering
the average ranked values across all participants for each way of being smart: what
students personally value as a way of being smart and what was considered valu-
able in their introductory engineering classrooms. Overall, our findings indicate a
statistically significant difference in how students ranked six out of the 11 ways of
being smart in engineering. Additionally, in Figure 2, we present a graphical repre-
sentation of the average ranked values across all participants for each way of being
smart in engineering.

Table 3. Value ranking of ways of being smart in engineering — statistical overview

Enacted P !
Statistical Way of Being Smart in Classroom 2] Value
Significance in Engineering P
Mean Std.Dev. Mean Std. Dev.
More value Getting good grades 407 3.10 6.93 2.89 0.00
enacted . o
in classroom Achieving with little effort 7.03 3.24 8.86 2.11 0.01
Born with innate ability 7.55 3.01 9.28 212 0.01
More valued Working hard 476 2.72 3.34 2.07 0.01
11
personaty Showing initiative 683 | 28 | 521 293 0.01
Making the world better/ 8.62 2.92 7.03 2.81 0.01
helping others
(Continued)
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Table 3. Value ranking of ways of being smart in engineering — statistical overview (Continued)

Enacted P ]
Statistical Way Of Being Smart in Classroom ersona Value
Significance in Engineering P
Mean Std.Dev. Mean Std. Dev.

No significant Solving complex problems 407 2.59 4.90 2.67 0.16

difference . .

in value Working efficiently 5.24 2.63 445 2.70 0.11
Thinking creatively 5.45 2.92 417 2.59 0.06
Communicating 6.10 2.67 5.72 2.80 0.61
well in teams
Applying math/science 6.28 2.59 6.10 2.72 0.70

Note: Participants ranked each way in order of value with 1 = most valued and 11 =least valued.

In their introductory engineering classroom, students ranked getting good grades
and solving problems as the most valuable ways of being as smart, making the
world better or helping others was considered the least valuable. In terms of per-
sonal values, students ranked working hard as the most valuable, while being born
with innate ability was considered the least valuable.

There was a statistically significant difference between the value placed on getting
good grades, innate ability, and achieving with little effort with more value placed
in the classroom than students’ personal valuation. While students ranked working
hard, showing initiative, and making the world better or helping others as person-
ally valued at significantly higher levels than how they are valued in the classroom.

1.00
2.00
3.00
4.00
5.00

6.00

7.00

8.00

9.00

10.00

11.00
&

Average Rank (1-being most valued)
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T FEF I TS S
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B Ranked by value enacted in the classroom Ranked by personal value

Fig. 2. The average rank of the value of ways of being smart in engineering

Note: *Indicates statistical significance (more value held personally by students), **indicates statistical
significance (more value enacted in the classroom).
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5.3 RQ 3: What did students draw on to justify the differences they reported
between their personal values and the values enacted
in their introductory engineering classrooms?

By utilizing interview transcripts along with participants’ explanations to justify
their rankings, we were able to conduct an additional in-depth qualitative analysis
of the experiences that students draw upon when discussing the different ways of
being smart in engineering and how they are valued. Overall, we developed three
findings from the qualitative analysis. Table 4 provides an overview of the qualita-
tive findings in alignment with the key quantitative results. The qualitative findings
are elaborated on in the subsections.

Table 4. Qualitative findings connecting classroom experiences to statistically different values placed
on the different ways of being smart in engineering

Classroom Experience Common Belief Value
1. Students described grades as central to their | Getting good grades More value
classroom experience enacted in
. - o the classroom
2. Students described the classroom as a Achieving with little effort

context where effortless achievement is

associated with being smart Born with innate ability

Working hard More valued
personally

3. Students described a lack of reward in the Showing initiative
classroom for showing initiative and for
making the world better

Making the world better/helping others

Students described grades as central to their classroom experience. We
found that receiving good grades was overwhelmingly described as the primary
method by which students are recognized as smart in their introductory engineer-
ing classrooms. Grades were considered the “bottom line” or the “benchmark” for
determining who is smart. Interestingly, students also discussed how the empha-
sis on achieving good grades is prioritized as the “main goal” in their engineer-
ing classroom, often overshadowing the importance of grasping the conceptual
understanding of the material. For example,

“In the class, I feel my main goal is to get a good grade and that’s my only goal
and I feel if I do that, I think that in the class I am being smart.” — Jack

“A lot of things are based off of grades. [Instructors] don’t care about our under-
standing. They care about how we can play the system to get an A.” — Anna

Additionally, it is important to note that many of the participants who ranked
“getting good grades” as lower in value when being recognized as smart in the
classroom still described the items they ranked higher as ultimately leading to good
grades. For instance, students might argue that being recognized as smart in their
classroom was based on working efficiently and solving complex problems, which
would ultimately result in a good grade. Therefore, getting a good grade was still a
valuable way to be acknowledged as smart in engineering classrooms.

The students also discussed the significance of grades as the sole formal feed-
back they receive in their engineering classrooms. They emphasized the importance
of this source of information in helping them gauge their performance relative to
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their peers. For example, Hailey simply states that grades provide a tangible means
of comparing oneself to others in the class.

“I think it’s the good grades because it’s a tangible kind of thing that you can see
how you’re doing compared to others in your class.” — Hailey

Similarly, another participant, Paul, described grades as a way of “setting up the
hierarchy” in engineering classrooms, allowing students to understand how they
compare to their peers. Furthermore, Emma described achieving good grades as a
means of “asserting intellectual dominance” in an engineering classroom. Ultimately,
the students recognized the significance of grades in their engineering classrooms,
as grades are utilized to gauge their standing relative to their peers.

Although many students expressed the personal importance of receiving grades
to feel smart in engineering, they also acknowledged the limitations of using grades
as the sole measure of their abilities as engineers. They were often resistant to the
emphasis placed on grades in their classrooms. The two primary reasons students
provided for grades being less personally significant to their self-perception of smart
in engineering were: 1) the belief that grades are not the most accurate measure of
their engineering abilities (i.e., one can still be smart and not get good grades), and
2) the belief that grades are inconsequential in a professional engineering environ-
ment and only hold relevance within the context of their educational experiences.
This finding is significant because it emphasizes that, despite their personal reserva-
tions about prioritizing grades as the primary indicator of being smart in engineer-
ing, students still recognize the pivotal role that grades play in being recognized as
smart within the context of their introductory engineering classrooms.

Students described the classroom as a context where effortless achievement
is associated with being smart. Achieving with little effort and being born with
innate ability were both described as important factors for being recognized as
smart in an engineering classroom. The primary way students described the demon-
stration of effortless achievement or innate ability in the classroom was by com-
prehending complex concepts or completing assignments quickly and effortlessly.
Indeed, the most common example given by students to illustrate how they recog-
nize smartness in their peers is based on their perception of who is able to achieve
with the least amount of effort. For example,

“When you’re in class and you see someone tackle a problem that you don’t
even know where to begin with and they have an answer in 30 seconds, it seems
like a pretty natural ability.” — Anna

Additionally, students emphasized the need to work quickly, effortlessly, and
efficiently in engineering due to the heavy workload and time constraints in their
classes. For example, Apple describes how perceived efficiency is a key metric for
understanding how someone is smart given the limited amount of time available to
students to complete their work.

“I think I put efficiently mainly because the scope of the class, we didn’t have
unlimited time. I saw these people who could take these problems and actually
solve them pretty efficiently that I just considered to be pretty smart. We had this
time constraint and being able to use that time in a smart way and an efficient way,
I just saw that as pretty good.” — Apple
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Finally, students also described how the ability to work quickly, effortlessly, and
efficiently was perceived as smart in the classroom because they observed that their
engineering professors do not slow down for struggling students and instead set the
pace in their classrooms based on those who quickly grasp a concept or complete an
example problem.

Students described a lack of reward in the classroom for showing ini-
tiative and for helping others or making the world better. We found that
students in introductory engineering classrooms described a lack of reward for
taking initiative, helping others, or contributing to making the world a better
place. First, students described how they are not rewarded for demonstrating
initiative; more specifically, they are not graded on their ability to show initia-
tive. They described showing initiative as taking on leadership roles in project
teams, being confident, producing creative solutions, and working hard. In their
introductory engineering classes, they observed that they were rarely given the
chance to demonstrate initiative. Instead, they were encouraged to complete
assignments in the precise manner the instructor specified. For example, Robert
described how her grade suffered whenever she deviated from the specific prac-
tices advocated by the instructor while learning 3D modeling in her introductory
engineering course.

“There were lots of times where we were doing 3D models and there were
multiple ways to get it done, and if you thought outside of the box and did it differ-
ently, the teacher may not like how you did it and may take points off if you didn’t
do it the way he was originally intending you to do it.” — Robert

Additionally, students described how some instructors mentioned that engineer-
ing design has a real-world impact, such as making the world better and helping
others. However, the course curriculum did not allow for reflection or explicit con-
nection regarding how the content in the course assignments or design projects
would matter in a real-world scenario. For example, Lynn describes how, by the end
of her first-year design project, she lost sight of how it was supposed to contribute to
making the world a better place.

“In the scenarios that they would give you, it was supposed to represent mak-
ing the world better. But you lose sight of that a lot...finishing the project, at least
I didn’t even relate [it] to making the world a better place. I forgot about the
scenarios by the time we were done.” — Lynn

Although students personally valued making the world a better place and help-
ing others more than what was believed to be practiced in the classroom, it was
generally one of the least valued ways of being smart in engineering. Indeed, stu-
dents questioned whether it should even be included on the list of what makes a
smart engineer. They made statements about how it was more related to being an
ethical or moral engineer than simply being smart. This is important to note because
it reflects how smartness is being practiced in engineering classrooms, creating
implicit boundaries around what ways of being smart are a part of the broader
discourse on the role of engineers in society but are not valued or acceptable in
classroom practices within engineering. For example, James stated that within his
engineering courses, the idea of making the world a better place is “disconnected”
from the conventional definition of smart for most people.
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“Making the world a better place and helping others is something that was just
kind of overtly disconnected from intelligence for most people. They would recog-
nize we’re helping people out and being a good person...But plenty of just really
bad people, and for lack of a better word, assholes, are smart.” — James

Taken together, these qualitative findings are concerning because they high-
light how students’ experiences in introductory engineering classrooms prioritize
grades and efficiency over conceptual understanding. Additionally, they indicate
a lack of value placed on showing initiative, helping others, and connecting to
social impact.

6  DISCUSSION

Our findings indicate that students observe values being practiced in classrooms
that are different from their personal beliefs. We must address this significant gap
in engineering education culture, as these aspects are often implicit but have sig-
nificant implications for students’ learning, beliefs, identities, and educational aspi-
rations [6, 20, 32]. We organized the discussion around the ways of being smart in
engineering, highlighting the significant differences between the students’ personal
values and the values enacted and practiced in the classroom.

6.1 Grades in engineering classrooms

Our findings indicate that students considered letter grades to be the only feed-
back “that matters” and are the most important factor in being recognized as smart.
We find this troubling because it indicates that students are receiving the message
that a high grade is more significant than conceptual understanding or personal
growth. This stands in direct contrast to literature that emphasizes the importance
of promoting a growth mindset and mastering learning behavior [34]. Additionally,
researchers suggest that low-stakes formative assessments (e.g., feedback that does
not significantly impact overall course letter grades) with practice opportunities,
during which students can implement feedback, are essential to student learning
and development [33].

Further, it was revealed that grades are the primary means by which students
assess themselves in comparison to others in their classroom. They perceive this
comparison as an understanding of their position within the hierarchy of their
engineering program. Again, this is troubling because these social comparisons can
enforce dominant values that reproduce smartness in oppressive ways and maintain
the status quo [20].

6.2 Innate ability, achieving with little effort, and hard work
in engineering classrooms

The most common examples given when discussing how values are demon-
strated in the classroom in terms of recognizing who is considered smart in engi-
neering were instances of students who could perform in ways that appeared
effortless, fast, and efficient. We consider this problematic because it fails to
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normalize the idea that productive struggle leads to learning [34]. Furthermore,
the emphasis on effortless achievement and innate ability is consistent with wide-
spread cultural beliefs in the U.S. that intelligence is an inherent and individual
trait [15, 34]. It also aligns with previous research on smartness in engineering,
which suggests that undergraduate engineering students perceive intelligence as
an individual’s ability to work efficiently based on their perceived ratio of outcome
(e.g., a test score) to effort (e.g., the amount of time spent studying) [35]. Although
being efficient may seem like a positive trait, researchers have shown that when
students make judgments about the efficiency of others, many assumptions are
made that introduce bias into their judgments [35]. For instance, students often
make speculative assumptions about the amount of time their peers spend study-
ing as well as their prior knowledge or experiences. This introduces ambiguity
and draws on problematic stereotypes. For example, students from non-dominant
groups are assumed to have to exert more effort to achieve the same outcome as
members of dominant groups. The stereotypes about the level of effort expected
from students in certain groups to succeed in engineering have implications for
who is seen as suitable for a career in engineering. Indeed, researchers have found
a widespread belief within the field of engineering that not everyone is capable
of excelling in engineering, as well as the assumption that a certain number of
students are expected to fail [36].

6.3 Showing initiative and considerations for making
the world better in engineering classrooms

Students personally value demonstrating initiative, helping others, and contrib-
uting to a better world. However, they also indicated that in introductory engineer-
ing classrooms, what is valued as smart is not associated with initiative, concern for
others, or the potential positive impact of their work on the world. This is unsur-
prising, given the pervasiveness of the social-technical divide in engineering and
the overall emphasis on technical skill over all else in engineering spaces [16-18].
This finding further aligns with existing research indicating the presence of a “cul-
ture of disengagement” in engineering; meaning that the way engineering programs
emphasize technical skills, such as math and science over social and ethical issues,
leads engineers to disengage from social welfare concerns (e.g., helping others or
contributing to a better world) [18]. By not focusing on how engineers can help oth-
ers and how our work can contribute to making the world better in our classrooms,
we are contributing to this lack of engagement.

7  PEDAGOGICAL RECOMMENDATIONS

As educators and researchers, we need to explicitly acknowledge and reflect on
what engineering students believe it means to be smart in engineering as well as con-
sider how our classroom practices influence those beliefs. In the following section,
we present three specific recommendations for engineering educators: 1) consider
critically how assessment practices enact particular values and work to align them
with student values; 2) normalize effort and the role of prior experience in learning;
and 3) reflect on the discourse of engineering and how that aligns with values being
enacted in classrooms.
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7.1 Consider critically how assessment practices enact particular values

Given the stark disparity between how students personally value grades and
how they perceive them in the classroom, we first recommend that engineering
educators critically consider how our assessment practices embody specific values
and strive to align them with student values. Indeed, researchers studying culturally
responsive pedagogy have demonstrated that understanding and taking into account
students’ beliefs and values can enhance student achievement and well-being [37].
We strongly recommend that practitioners review their assessment practices and
evaluate the extent to which they convey that only grades matter while disregarding
the process of learning and mastery that we assume results in the grade, as found in
our data. For instance, educators could strive to comprehend their students’ values
and then endeavor to incorporate them into the semester’s assessment. If students
express the value of showing initiative, then a portion of their project grade could
be based on documenting and reflecting on how their initiative (e.g., leadership,
creativity) contributed to the final product or deliverable.

7.2 Normalize effort and the role of prior experiences in learning

Learning requires effort. When someone completes a task quickly, it is more
likely due to the learning opportunities they have had prior to that task, rather than
any innate ability. Additionally, researchers have shown that concentrated effort
through challenges is a productive component of the learning process [34]. We rec-
ommend that educators first reflect on their assumptions about who is suited for
engineering and approach their course design with the belief that all students can
achieve success. We explicitly recommend reviewing classroom practices and poli-
cies that may be sending messages to students that promote achievement with little
effort. For example, we found that students explicitly mentioned the workload of
their engineering classes as a factor contributing to their belief that being smart
is more about speed than comprehension. Educators are encouraged to critically
evaluate the workload required in their courses and assess their contribution to a
meaningful understanding of the course learning outcomes. In addition, we recom-
mend that educators reconsider practices such as imposing time limits on exams
or pacing classroom instruction solely based on feedback from the most outspo-
ken students. Finally, we recommend that educators explicitly acknowledge within
their classrooms, especially in introductory engineering courses, that students enter
engineering programs with diverse levels of prior experience and knowledge.

7.3 Reflect on the discourse of engineering and how that aligns
with values being enacted in classrooms

Engineering is a crucial profession for society. The National Academy of Engineers
has emphasized the importance of discussions that reflect how engineering contributes
to making the world a better place [2]. Additionally, researchers have shown that many
efforts are aimed at diversifying engineering feature interventions that focus on social
impact and sustainable design [38]. However, our research shows that these values
are not put into practice in the introductory classrooms of our context. We recommend
that practitioners evaluate the objectives of their introductory course or engineering
program and consider how those objectives align (or not) with the desired portrayal of
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engineering as a field. For instance, if you are teaching in a first-year program and you
introduce students to engineering by emphasizing its significance in solving real-world
problems and advancing society, but your assessments do not align with or evaluate
this, then that value is not being put into practice. We recommend that engineering
educators not only contextualize and integrate considerations for how different mem-
bers of society would benefit (or not) from the projects they assign but also explicitly
reward students (e.g., make it a component of their grade) for engaging in such exer-
cises. Furthermore, integrating sociotechnical aspects of engineering into course mate-
rial will not only align more with student values but also make engineering content
more memorable [39].

8  CONCLUSIONS

Our research contributes to an empirical understanding of what engineering stu-
dents believe are the different ways of being smart in engineering as well as how
they are valued by students both personally and in the classroom. We identified
11 ways of being smart that were commonly recognized by engineering students
and found significant differences in six of the 11 ways between how they were val-
ued personally by students compared to how they believed they were valued in
their introductory engineering classrooms. We analyzed qualitative data to provide
context for the quantitative differences in values. The results are concerning because
they provide evidence that, smartness is being practiced in introductory engineering
classrooms in ways that 1) prioritize grades over learning, 2) showcase achievement
with minimal effort, and 3) do not reward students for helping others or considering
the social impact of engineering work.

As educators, we must reflect on our role in shaping the cultural perception of
smartness in engineering programs, as it profoundly influences students’ learning as
well as their beliefs and identities. These beliefs and cultural constructs have signif-
icant implications for determining who is considered “capable” in engineering and
who is excluded from the discipline or labeled as “not cut out for engineering” [5].
As the discipline aims to expand and become more inclusive, it is essential to have a
clear understanding and reflect on how smartness operates as a cultural practice in
classrooms in order to cultivate equitable educational systems within engineering.

This study was limited in that it was conducted at a predominately White institution.
That meant that our sample did not represent the full range of human identities. This
limitation impacts the transferability of the results. Future research could explore the
beliefs of students in a wider variety of educational settings. Additionally, the study was
limited in that it only considered the students’ self-described experiences in their intro-
ductory classrooms. Future research employing ethnographic methods could provide a
deeper understanding of how smartness is being practiced in engineering classrooms.
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