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Abstract—The notion of being smart is a concept that
underpins the culture of engineering classrooms. That said, it is a
topic that is not discussed or addressed by educators directly.
Through this special session, we aim to give light to the concept of
smartness and the problematic and oppressive practices that
result from it given the extent literature on the topic including our
own research into the domain. With participants, we aim to
generate practical approaches to addressing smartness that work
in a variety of contexts to broaden participation in engineering via
more inclusive classrooms.
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I. GoALs

Has anyone ever told you that you have to be smart to be
an engineer? This is a common and longstanding narrative
about engineering [1], [2]. The goal of this session is to
facilitate discussion around the presence of smartness in
engineering classrooms and generate collaborative ideas for
changing problematic and oppressive practices associated with
the notion that to be an engineer, you must be smart. In this
session, we will:

e Review extant literature related to smartness being a
problematic cultural construct and practice.

e Share empirical findings from our own research into
smartness in the context of undergraduate engineering
education.

e Provide attendees with the opportunity to reflect on their
classroom practices and collaborate on pedagogical
strategies for meaningful change.

e Engage attendees in meaningful conversations about ways
to facilitate discussions within their own classrooms or
educational contexts.

II. DESCRIPTION AND SELECTED RELEVANT LITERATURE

In this special session, we will present the theoretical
underpinnings of smartness as a cultural practice, drawing on
literature from sociology, K-12 education, and our own work
with undergraduate engineering students. Specifically, we build
on the work of Beth Hatt [3]. Hatt’s work, which is framed
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around the cultural and identity research of Holland et al. [4],
posits that smartness is a culture practice for which we all play
an active role in creating. If we all play an active role in the
creation of smartness, this means we can also play a role in
changing what smartness means in engineering.

Using this framing, we (as educators, engineers, etc.)
collectively construct what it means to be smart in each of our
classrooms. Therefore, along with students, we have agency
when it comes to defining and enacting what behaviors are
valued or recognized as “smart” in our classrooms. That said,
we are socialized to believe that how intelligent students are is
an inherent, fixed trait [5]. Additionally, intelligence testing has
historically demonstrated oppressive practices where those who
are deemed smart is often raced, classed, and gendered [6], [7],
[8]. Work by researchers such as Dwek [5] has encouraged a
shift away from this antiquated view; however, these beliefs are
deeply held and difficult to uncover let alone change.

In this special session, we will build on the literature
discussed above by sharing some of the results of our research
related to smartness [9], [10], [11], [12]. We will also begin a
dialog with educators on how we can support students in
understanding the impacts of smartness in engineering. We
have started to translate our research findings to practice, which
we will share through examples; however, in this special
session, we will further engage attendees in deep discussions
and brainstorming on other ways we can address smartness in
our classrooms.

ITI. RATIONALE AND NOVELTY

Engineering students are typically those who have been
socialized within K-12 education to believe that they are
smarter than others [9], [13]. Their beliefs and identities around
being “smart” are brought with them into our engineering
classrooms, which impacts the way they understand themselves
as engineers [9], [14]. These beliefs are crafted well before they
enter our classrooms which makes addressing them difficult.
Simultaneously, admitting that you believe you are smarter than
other people is often taboo. Yet, those of us in engineering are
socialized to believe that we are.



The first year of engineering school is a particularly
challenging time for many students. While some stay, others
leave for a variety of reasons ranging from interactions with
faculty, grades, expectations of work, etc. (e.g., [15], [16],
[17]). During this time, many students also wonder if they are
smart enough to be an engineer. For example, many students
are finding that they need different learning strategies to keep
up with what is happening in class. At the same time, students
with particular social identities (e.g., non-white, non-male) are
not recognized for the value they bring to their engineering
teams which further contributes to them questioning their place
(e.g., [18], [19]). Failure to recognize and disrupt the
problematic aspects of smartness such as these not only leads
to feelings of student isolation but may lead to students leaving
the field.

These complex aspects of smartness as a cultural practice
can lead to students who have always excelled in school to feel,
for the first time, as if they do not belong [20]. Furthermore, the
ways in which we allow these realities to remain implicit and
unspoken can isolate students from one another and cause harm.
As educators, it is our duty to help students through this time of
transition and questioning. We must help them make sense of
the new world around them and bring to light these various
narratives.

Because this is a topic that is not often discussed explicitly,
is something we all contribute to, and is culturally pervasive,
we believe FIE attendees will be interested in engaging with
dialog about smartness. Attendees of the special session will
develop strategies to support their students as they grapple with
the concept.

IV. AGENDA AND DESCRIPTION OF WHAT TO EXPECT DURING
THE SESSION

This special session will be 80 minutes long and include a
variety of discussion activities. Our goal is to engage attendees
and further this work focused on application. Below is our
anticipated agenda.

A. Introduction with attendees to understand what they
believe makes a smart engineering student (10 minutes).

We all bring different experiences and beliefs with us to the
classroom. As such, we will start this session getting to know
each attendee to understand their lived experiences related to
smartness and how it relates to their engineering students. We
will focus on the goal of understanding what makes a smart
engineering student through a collaborative brainstorming
activity.

Each participant will be asked to supply 5 words or short
phrases that describe a smart engineering student to an online
platform to create a word cloud. This visual will capture the
group’s starting view of what makes a smart engineering
student. We will revisit this image at the end of the session.

B. Overview of theoretical components of smartness and our
related research findings (20 minutes).

As described above, this session is based on a multi-year
project where we focused on understanding what smartness
means to students in the undergraduate engineering context.
Using images developed by our team in collaboration with a
professional graphic designer, we will establish a baseline
understanding with participants about the concept of smartness
grounded in research from Hatt [3]. Our own work furthers past
research highlighting the key takeaways related to the impacts
of smartness in engineering specifically (e.g., [9], [11], [12]).

C. Smartness in the Eyes of Students Activities with Follow
Up Participant Reflection on ways smartness impacts
courses (20 minutes).

Participants will be asked to brainstorm the many ways that
smartness may manifest in their classrooms considering their
grading practices, classroom discussions, pre-requisites, etc.
Through a guided worksheet, participants will be asked to
consider the following prompts related to one course they teach.
We will ask participants to examine their syllabus and course
management system as they complete this exercise.

e How does the course design and implementation reflect our
views on smartness?

o  What are the learning objectives?

o  What are the grading practices?

o  What are the methods of assessment?

e How do socio-historical-cultural forces
teaching context?

o  What is the history of the course and/or program?

o How does the course reflect the cultural landscape of

engineering?

o  What expertise is modelled by the teaching team?

e How are our students’ values reflected in our classroom
praxis?

o  What do we expect students to produce in the course?

o How do we uncover and incorporate our students’

values and/or motivation(s) for taking the course?

o What power do our students have in the course?
These prompts will serve to lay the foundation for actively
working to disrupt the impacts of smartness in our classrooms.

impact our

D. Intervention Brainstorming Activity & Group Share Out
(25 minutes).

In small groups or individually, we will ask participants to
brainstorm ways to incorporate smartness-based activities into
their classrooms. Given the unique context of everyone’s
teaching, these activities may take a variety of forms, and we
hope this activity allows for broad idea generation and sharing.
Our goal is to have participants actively consider changes to one
educational practice related to smartness from the
brainstorming above.

We will start this section by sharing our approach to
addressing smartness in a first-year engineering classroom. In
this example, we gave students a chance to exercise their
agency related to this topic in the context of a team working
agreement — the team working agreement has been a standard



assignment in the class for many years and through this
modification we connected it to the impacts of smartness
related to teamwork. Specifically, we started the activity by
asking students to reflect on their own experiences with
smartness; what it means to them, how they identify with being
smart, and smartness in an engineering context. We then
provided them with some background information to introduce
them to the idea that smartness is socially constructed and
something that we all actively participate in within our
educational contexts. We then provided them with findings
from our research related to what other students value as ways
of being smart in engineering. This then prompted a class
discussion focused on whether the students agreed with our
findings and how it related to their own beliefs and values. The
final portion of the activity was a group discussion within their
assigned semester-long project teams about how they want to
construct smartness within their project groups; how they will
value being smart during their design project. Finally, teams
were asked to develop three team specific assessment criteria to
add to their team working agreements based on their agreed
upon team values.

Special session participants will be given a worksheet to
help them think through the educational practice they would
like to adjust documenting the current practice, how it relates to
smartness, and how they could adjust the practice to be more
inclusive. Each group will be asked to share their revised
practice along with any new insights they have gleaned about
the ways that smartness manifests in our classrooms.

E. Closing and Facilitator Reflection (5 minutes).

We will end the session recapping our discussions to ensure
all participants can further share their experience with their
home institutions. We will also debrief on ways we can
continue to discuss smartness in our classrooms as the first step
to disrupting the impacts of smartness is recognizing and
bringing light to the practice.

We will close the session by revisiting the word cloud
created at the start. We will ask each participant to add 3 more
words to the cloud based on the session today and their current
understanding of what makes a smart engineering student. This
new cloud will include the initial words/phrases along with new
insights. This image will be used to showcase the growth in the
session while still depicting the deeply held beliefs that are
embedded in our culture and society. We will not be able to
fully address the impact of smartness as a culture practice in
this session; however, we believe participants will leave with a
new understanding and perspective on smartness in our
engineering classrooms.

V. EXPECTED OUTCOMES

By the end of the special sessions, attendees will
understand smartness as a powerful and harmful social
construct in engineering. Additionally, attendees will have
started to develop skills for engaging in meaningful reflection
and discussion with students on how smartness is constructed
within their classrooms. The results of this special session will
be used to inform future classroom practices related to

smartness in engineering. While our research work has begun
to address this topic from a research lens, we believe that true
impact for our students needs to happen within classrooms with
educators like those who attend FIE.

VI. ABOUT THE FACILITATORS

This session will be facilitated by three researchers who
have engaged with the topic of smartness as a team for multiple
years in their research and with their students. The facilitators
have also all taught first-year engineering classes engaging with
difficult topics with their students during times of transition
(e.g., beginning an engineering program). The facilitators have
also run a variety of workshops over the years with a focus on
making the sessions engaging and impactful for attendees.
Below each researcher has provided a bit more information
about their expertise related to this specific session.

Rachel Kajfez is a mixed methods researcher who studies
identity to improve the student experience. She is deeply
committed to translating research to practice while supporting
educators in their development. Through this work she has
examined the impacts of smartness in her teaching and personal
life, always looking for ways to disrupt our cultural norms to
bring about impactful educational change.

Amy Kramer is an instructor and course coordinator in the
Fundamentals of Engineering program at The Ohio State
University. Through her engagement with students, personal
educational experience, and research, she has observed how
deeply personal and salient the topic of “smart enough” is for
engineering students. Her work in this area as well as her
research in engineering epistemology have enabled her to better
support students and create interventions to help students
broaden their conceptions of what it means to be a smart
engineer.

Emily Dringenberg is a qualitative researcher committed to
understanding and disrupting smartness as an oppressive
cultural practice. As a white woman, parent of white children
and tenured engineering professor at an R1 institution, she
simultaneously  experiences significant privilege and
oppression; she continues to grapple with being both a
perpetuator and disruptor of the status quo for who is
considered smart.

ACKNOWLEDGMENTS

This material is based on work supported by the National
Science Foundation under Grant No. 1920421. Any opinions,
findings, 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.

Additionally, we would like to express our gratitude to all
the researchers (undergraduate to post docs) who worked on this
project over the years. You each made a significant contribution
for which we are truly grateful. You helped shape the work in
unique and insightful ways.

Finally, we would like to express our deepest gratitude to
the participants. Their stories and insights are what made this
work possible. We truly appreciate their participation and



willingness to be open during the various stages of data
collection.

REFERENCES

[17 National Academy of Engineering, Changing the
Conversation: Messages for Improving Public
Understanding of Engineering. The National Academies
Press, 2008. [Online]. Available:
https://doi.org/10.17226/12187

[2] R. Stevens, D. Amos, A. Jocuns, and L. Garrison,
“Engineering as Lifestyle and a Meritocracy of
Difficulty: Two Pervasive Beliefs Among Engineering
Students And Their Possible Effects,” presented at the
ASEE Annual Conference & Exposition, Honolulu, HI,
2007. doi: 10.18260/1-2--2791.

[3] B. Hatt, “Smartness as a Cultural Practice in Schools,”
Am. Educ. Res. J., vol. 49, no. 3, pp. 438460, 2012, doi:
10.3102/0002831211415661.

[4] D. Holland, W. Lachicotte Jr., D. Skinner, and C. Cain,
Identity and agency in cultural worlds. Harvard
University Press, 1998.

[5]1 C.S.Dweck, Mindset: The new psychology of success.
Random House, 2006.

[6] S.J.Gould, The mismeasure of man. W. W. Norton &
Company, 1996.

[7]1 D. Perkins, Outsmarting IQ: The emerging science of
learnable intelligence. The Free Press, 1995.

[8] M. Schiff and R. Lewontin, Education and class: The
irrelevance of 1Q genetic studies. Oxford University
Press, 1986.

[9] B. Braaten, E. Dringenberg, A. Kramer, and R. Kajfez,
“You’re an Engineer? You Must Be Really Smart! A
Theoretical Discussion of the Need to Integrate ‘Smart’
Into Engineering Identity Research,” Stud. Eng. Educ.,
vol. 4, no. 2, pp. 22-37, 2023, doi: 10.21061/see.86.

[10] E. Dringenberg and R. Kajfez, “What Does it Mean to be
Smart? A Narrative Approach to Exploring Complex
Constructs,” presented at the IEEE Frontiers in Education
Conference (FIE), San Jose, CA, 2018. doi:
10.1109/FIE.2018.8659295.

[11] E. Dringenberg, A. Kramer, and A. R. Betz, “Smartness
in Engineering: Beliefs of Undergraduate Engineering
Students,” J. Eng. Educ., vol. 111, no. 3, pp. 575-594,
2022, doi: 10.1002/jee.20463.

[12] A. Kramer, B. Braaten, R. L. Kajfez, and E. Dringenberg,
“Who’s Smarter? Beliefs about Smartness and Self-
Identities Across Institutionalized Educational Pathways
into Engineering,” presented at the ASEE Virtual Annual
Conference, Virtual, 2021. doi: 10.18260/1-2--38059.

[13] A. Kramer, C. Wallwey, G. Thanh, A. Dringenberg, and
R. Kajfez, “A Narrative-Style Exploration of
Undergraduate Engineering Students’ Beliefs about
Smartness and Identity,” presented at the IEEE Frontiers
in Education Conference, Covington, KY, 2019. doi:
10.1109/FIE43999.2019.9028388.

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

[15] L. Fleming, K. Engerman, and D. Williams, “Why
Students Leave Engineering: The Unexpected Bond,”
presented at the ASEE Annual Conference & Exposition,
Chicago, IL, 2006. doi: 10.18260/1-2--375.

[16] B. N. Geisinger and D. R. Raman, “Why They Leave:
Understanding Student Attrition From Engineering
Majors,” Int. J. Eng. Educ., vol. 29, no. 4, pp. 914-925,
2013.

[17] M. Meyer and S. Marx, “Engineering Dropouts: A
Qualitative Examination of Why Undergraduates Leave
Engineering,” J. Eng. Educ., vol. 103, no. 4, pp. 528-548,
2014, doi: 10.1002/jee.20054.

[18] C. E. Foor, S. E. Walden, and D. A. Trytten, “‘I wish that
I belonged more in this whole engineering group:’
Achieving individual diversity,” J. Eng. Educ., vol. 96,
no. 2, pp. 103-115, 2007.

[19] E. A. Cech, A. Metz, J. L. Smith, and K. DeVries,
“Epistemological dominance and social inequality:
Experiences of Native American science, engineering,
and health students,” Sci. Technol. Hum. Values, vol. 42,
no. 5, pp. 743-774, 2017.

[20] 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,” J. Eng. Educ., vol.
107, no. 1, pp. 56-86, 2018.



