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Abstract— This full research paper examines how first-year
engineering students’ recognition beliefs differ by household
language (English versus non-English). An Exploratory Factor
Analysis of 18 survey items identified two factors grouping
students’ recognition experiences into leadership-based and
knowledge-based categories. An analysis of variance (ANOVA)
showed that the First Language Not English (FLNE) students
generally felt less recognized as an engineer than their peers. We
present multiple excerpts from four “restoryed” case summaries
of one student to provide insight into why differences in
recognition may occur for FLNE students and how these students
describe their identity development. The results of this study may
indicate important ways to recognize students in the classroom
and promote identity development and persistence.
Keywords — Recognition, Engineering Identity, Language,
Mixed Methods

I.

INTRODUCTION

Engineering education is changing exponentially as the
demand for engineers extends across disciplinary and
geographical boundaries. Engineering educators need to
consider the changing demography of students who populate
today’s engineering classroom, particularly as the number of
First Language Not English (FLNE) students within the United
States higher education system is growing [1]. The increased
diversity among the FLNE population is a strength and benefit
for the students’ communities, the engineering workforce, and
society at large [2]. Moreover, their diverse backgrounds are
assets in the national demand for global engineers due to their
awareness of and adaptability in multicultural settings.
However, the increased diversity among cultural and social
groups also presents challenges to all members of the education
ecosystem (i.e., students, parents, educators, policymakers,
researchers, etc.) [2].
Engineering students are socialized into a culture that often
recognizes “narrow perception[s] of ‘what counts’ in
engineering,” which in turn influences whether they can see
themselves as an engineer [3]. Students’ ability to regard and
be recognized as engineers by others is an integral piece of their
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identity development and persistence in STEM fields [4], [5],
especially for first-year engineering students [6]. However,
when students grow up in a household that uses a primary
language other than English (thus cultivating different cultural
assessments and diverse funds of knowledge), their perception
of what it means to be an engineer may not align with
traditional preconceptions about engineering. As a result, this
may influence whether FLNE students are recognized by others
and see themselves as engineers. Consequently, it is imperative
to understand how norms in engineering culture perpetually
exclude certain kinds of people. More importantly, the
engineering education community needs to be responsive to the
changing society by increasing efforts to make engineering
more inclusive for everyone, including FLNE students, by
recognizing their underlying differences as an asset in
improving engineering.
This paper uses a sequential explanatory mixed methods
research design to understand the recognition beliefs and
identity development of early career FLNE engineering
students. Throughout this paper, we use the established term
First Language Not English (FLNE) to describe students whose
first language is not English [7]. This language positions
individuals not as “language learners” as many may be
proficient in English or as “second language” students as many
speak more than two languages. The first portion of the study
uses data from a nationally representative U.S. survey. The
second portion of the study uses one participant’s, Amanda’s,
narrative to illustrate instances of recognition (or not) for
identity development. Together, these data sources provide
information on general trends and a deeper insight into how and
why these trends may be occurring through an illustrative
narrative. Our work highlights the value in using small
numbers and narrative research methods to describe the
insights gained from large-scale quantitative analysis and
acknowledges the need to amplify FLNE students’ voices and
stories while broadening our understanding of how to support
diverse students in engineering.
II.

THEORETICAL FRAMEWORK

Recognition in STEM Education
Identity development is a critical component in
understanding how students learn and see themselves as

engineers [6]. Disciplinary role identity (e.g., in engineering)
consists of three interrelated dimensions—students’
performance/competence beliefs, their interest in engineering,
and their recognition as engineers, which collectively inform
how students make career choices [8], [9], persist, and establish
a sense of belonging in STEM fields [10]. Although some
studies suggest students’ beliefs about their ability to perform
research and learn STEM content have a lesser impact on their
identity [11]—[13], many more quantitative and qualitative
studies have shown how students’ recognition beliefs are
important to understanding how students develop STEM role
identities [9], [12], [14]. Tonso’s [15] ethnographic study of an
engineering program highlighted how students’ campusrelated identities influenced how they were perceived or
recognized by others as knowledgeable. For example, even
students who engaged in activities that increased their
knowledge about engineering and interacted with faculty were
less likely to be recognized as engineers based on how their
peers positioned them in the local campus community. These
findings highlight why it is essential to understand how
students develop STEM role identities within a particular
context “beyond achievement and interest” to advance our
understandings about how to attract and retain students in
STEM fields [16].
A nationally representative survey conducted by Godwin
and colleagues found similar results [9] when using structural
equation modeling to understand how students’ high school
STEM role identities influence their decision to pursue
engineering
careers.
Their
work
showed
that
performance/competence beliefs are not sufficient when
understanding students’ identity formation, especially for
women; instead, recognition beliefs had a more substantial
influence on students’ identity development. Godwin and
colleagues [9] suggested that high school and college faculty
incorporate more opportunities to recognize students’
participation in STEM by expanding notions of engineering
and valuing students’ lived experiences and background
knowledge [9, p. 330].
In a third study of engineering students and identity
development among women of color, Rodriguez and
colleagues [17] used phenomenography to explore how seven
Latinas developed their STEM identities concerning internal
and external sources of recognition. These women recognized
themselves as STEM people based on their interest in
disciplinary content, ability to persist despite academic
barriers, and alignment characteristically STEM ways of
thinking and being. In addition to recognizing themselves as
STEM people, external sources of recognition from peers,
faculty, and family members also contributed to students’
identity development. Students who reported more recognition
from their peers also reported more motivation to persist in
STEM. Our research expands this literature by understanding
specific actions that contribute to students feeling recognized
as an engineer, specifically highlighting how language and
cultural diversity can be leveraged in engineering classrooms
to broaden what it means to be an engineer.

III.

METHODS

This study is a part of an extensive longitudinal, mixedmethods study focused on understanding how latently diverse
students experience the culture of engineering, and how those
students form their identities within an engineering community
overtime. Latent diversity is students’ underlying attitudes,
mindsets, and beliefs that are not readily visible in the
classroom but have the potential to be instrumental in fostering
inclusive environments, which in turn may produce more
innovative engineers [18]. In previous work, we used
nationally representative survey data and longitudinal narrative
interviews to characterize latent diversity among early career
engineering students. Below, we discuss how we drew from
earlier results and both datasets to explore the recognition
beliefs and identity development of early career FLNE
engineering students via a sequential explanatory mixed
methods research design. This research design enables a deeper
understanding of how FLNE students experience and navigate
the culture of engineering. Below, we describe the data
collection and analysis process used to address the following
research questions:
1) What are the quantitative differences in recognition
beliefs between students whose primary household language
is English, and students who grew up speaking another
language before attending college in the U.S.?
2) Using their own words, how do students whose primary
household language is non-English describe recognition
experiences in engineering?
A. Survey Data Collection and Analysis
The data used in this study are from the CAREER survey
administered to a stratified sample of 32 ABET-accredited
institutions in the Fall of 2017 in the United States. The
CAREER survey was designed to measure first-year
engineering students’ latent diversity across multiple
constructs such as STEM role identities, motivation, epistemic
beliefs, including recognition beliefs [19], [20]. We developed
the survey based on existing literature and pilot interviews with
12 diverse first-year engineering students at a large Midwestern
institution. The items measuring recognition beliefs consisted
of 18 items. Using a 7-point anchored numeric scale from “0Strongly Disagree” to “6-Strongly Agree,” the items measured
the extent to which they agreed with statements by completing
the sentence, “I feel recognized as an engineer when...” See
Table 1 below to view the complete list of items used in the
analysis.
We used the responses from the nationally representative
sample of students (n = 3,711) to understand the similarities
and differences in first-year engineering students’ (contrasting
FLNE and native English speakers) engineering recognition
experiencing. First, the data was digitized and cleaned by
removing indiscriminate responses. A total of 2,417 students
designated English as the primary spoken language in their
household, and 475 students reported languages other than
English as the primary spoken language in their household. We
performed an exploratory factor analysis [EFA; 21] on the 18
items to evaluate the factors captured by the survey items.
Finally, we conducted a one-way ANOVA [22] to examine the

differences between the two groups across the extracted factors
before proceeding to the qualitative phase of the analysis.
TABLE I.

RECOGNITION SURVEY ITEMS

I feel recognized as an engineer when:
Q6a

My engineering instructors know my name.

Q6b

My non-engineering instructors know my name.

Q6c

I win an award for an engineering project.

Q6d

My family calls me an engineer.

Q6e

Q6q

My friends call me an engineer.
I receive acceptance into my desired engineering discipline
(i.e., industrial engineering, mechanical engineering, etc.)
I apply engineering skills to my assignments (i.e.,
homework, project, etc.)
I receive compliments from an instructor for incorporating
prior knowledge into my engineering design.
My peers entrust me with the responsibilities of a leader.
I volunteer for engineering activities that promote others’
interest in STEM.
My instructor says, “This class will make you more like an
engineer.”
I apply my problem-solving skills in my everyday life.
My team members recognized me for going above and
beyond the requirements.
My team members appreciate my contributions to the
project.
I participate in engineering clubs/societies in college.
I participated in programs prior to college (i.e., Project Lead
the Way, FIRST robotics, etc.)
I participated in engineering classes.

Q6r

I feel that my engineering skills will contribute to society.

Q6f
Q6g
Q6h
Q6i
Q6j
Q6k
Q6l
Q6m
Q6n
Q6o
Q6p

B. Narrative Research Methods
Most engineering education research prioritizes studies that
can support generalizations about the student population.
However, recent studies have shown the value in “small N”
studies that enable researchers to highlight inequities through
educational research methods that may not be possible with
large samples [23]. More importantly, these studies enable
researchers to leverage research methods (such as narrative) to
understand the lived experiences of students that may have
been ignored in studies that prioritize “representative”
experiences [23, p. 137]. In this work, we draw on narrative
research methods to serve as an explanatory tool through
Amanda’s story as a way to understand how she navigates the
culture of engineering [24], [25].
a) Interviews
Data were conducted longitudinally during four
consecutive semesters (Fall 2018 through Spring 2020) to
capture how Amanda’s identity developed over time. Although
25 students participated in the longitudinal narrative
interviews, only one student indicated that they were an FLNE
student. For this reason, as well as the need to richly represent
her story, we focus on her narrative in this paper. The first
interview focused on understanding stories about “how they
came to be here” (where “here” referred to the time of our first
interview) and their first-year engineering experiences.
Subsequent interviews (Interview 2 through Interview 4) were
designed to explore their experiences in the second and third

years of their engineering programs, as a way to understand
how students’ identities are constructed over time.
Before the interview, we also asked the student to complete
a journey map to indicate experiences that occurred within a
specific timeframe (i.e., Summer 2019 to Fall 2019). Amanda’s
journey map is not shown in this paper; however, the journey
maps are instrumental in eliciting salient experiences. Followup questions were asked to probe deeper into the experiences
on the journey map, including experiences that were not
originally shown on the journey map. Each interview was
approximately 30 to 60 minutes in duration and conducted by
one researcher.
b) Narrative Analysis
Each student interview was transcribed and reviewed for
accuracy. As narrative interviews rarely result in cohesive,
straightforward storied events, the interview transcripts were
constructed into two- to three-page “restoryed” case narratives.
The process of restorying helps eliminate redundancy,
highlight key elements of the story, clarify the chronological
sequence of events, and preserve “place, plot, and scene” [26].
Similarly, a naturalist perspective alongside retaining firstperson voicing assisted in preserving the quality and “richness”
of each individual’s story [27], [28]. While restorying
participant narrative helps to provide understanding and
richness, preserving clarity and context is also necessary. This
process thus involved “narrative smoothing,” wherein the
researcher added extra text to preserve continuity [29]. Any text
added in the researcher’s voice is italicized to differentiate from
a participant‘s voice and retain the authenticity of the
participant’s perspective. Similarly, when participants shared
identifiable information such as institution or faculty name,
identifiers were replaced with italicized, anonymized neutral
language such as “institution name” or “Dr. M.”
IV.

RESULTS

We used a sequential explanatory research design to
understand the recognition beliefs and identity development of
early career engineering students who use a primary language
that is different from English in their household. The
quantitative analysis identified how there are differences
among the two groups, resulting in the FLNE students
generally feeling less recognized as an engineer than their peers
whereas the qualitative strand revealed how some students who
are similar to Amanda might have lower recognition beliefs due
to language differences and multiple role identities.
We organized this section into two parts to demonstrate 1)
the quantitative analysis tools used to identify comparisons
among the two groups, and 2) the narrative used to support the
findings that emerged throughout Amanda’s story. We note
that while discussions of global engineering education focus on
exposing engineering students to collaborative international
projects [30], much attention needs to be given to support
FLNE students who are paving pathways to and throughout
engineering education.
A. Quantitative Results
Before identifying underlying differences between the
students, we performed an EFA to identify the factors
underlying the 18 survey items (Table II). This exploratory

factor analysis led to two factors emerging. The extracted
factors categorize students’ recognition experiences into those
that 1) recognize them as leaders (6 items) and 2) recognition
by their knowledge (4 items).
Recognition as a leader (6 items). This factor represents
how students recognize themselves and are perceived by others
(peers and team members) as leaders. These items focused on
how the student was perceived as someone who exceeded
course requirements and applied engineering knowledge and
skills to real-world problems. The factor loadings for this factor
ranged from 0.566 to 0.892.
Recognition as knowledgeable (4 items). This factor
incorporates recognition experiences characterized by
students’ knowledge. These items focused on whether the
student won awards for engineering projects, incorporated
prior knowledge into engineering design, volunteered for
engineering activities that promote others’ interest in STEM,
and participated in engineering clubs/societies. The factor
loadings for this factor ranged from 0.502 to 0.806.
TABLE II.
Items

EXPLORATORY FACTOR ANALYSIS
Factors
Leadership

Q6i

0.566

Q6l

0.713

Q6m

0.742

Q6n

0.892

Q6q

0.688

Q6r

0.591

Knowledge

Q6c

0.806

Q6h

0.726

Q6j

0.515

Q6o
Eigenvalues
% of Variance
Cronbach’s ⍺

0.502
3.20
26.6
0.87

1.85
15.4
0.80

Factor loadings of each item are all above 0.5, which
indicates good construct validity. To evaluate the reliability of
the outcomes, we used Cronbach’s α, which for leadership
factor is 0.87 and for knowledge factor is 0.80. The alpha levels
for both factors were greater than 0.7, indicating there is
internal consistency among the items for each factor [31].
To examine the group differences within the extracted
factors, we used a one-way analysis of variance (ANOVA)
where the null hypothesis was:
H0: There is not a significant difference in engineering
students’ recognition experiences between students whose
primary household language is English versus non-English.
The ANOVA yielded values for both factors that were
statistically relevant (p < 0.05). The margin of error was
calculated with 95% confidence. Responses on the leadership
items (F(2,630) = 23.29, p < 0.0001) indicate that FLNE

students scored lower than students who have English as their
primary language. Similar results emerged in the knowledge
factor (F(2,643) = 21.00, p < 0.0001), with FLNE students
scoring lower than their peers. Therefore, for both factors,
FLNE students reported lower feelings of recognition than their
peers. Prior work has emphasized the importance of
recognition from certain meaningful others [16], [17].
However, those studies do not address how students’ identities
are constructed over time.
B. Narrative Research Results
Hence, in addition to Godwin and colleagues [9] three
constructs for measuring engineering identity, we draw on an
adapted model of McAlpine and Amundsen’s [28] identity
trajectory theory as a complementary methodological tool to
conduct a longitudinal qualitative investigation of how
Amanda developed her identity as an engineer [29], [32], [33].
This theory enables researchers to examine the past, present,
and future experiences that influence a student’s learning and
development. This approach examines multiple roles
simultaneously through narrative research methods to establish
a comprehensive understanding of the student’s identity
trajectory, instead of relying on “snapshots” of the student’s
experiences. The following section focuses on Amanda’s story
about how she developed an interest in engineering, pushed
through the adversity of learning English, and grappled with
the tension of developing multiple role identities throughout
her pathway as an early career engineering student.
a) Early Interest, Engagement, and Recognition from
Meaningful Others as a Catalyst for Women in STEM
Amanda is a mechanical engineering student at a large
Southeastern institution in the United States. However, she
grew up in a European country where the education system was
structured in a manner that tracked students into career
pathways and preparation. A combination of her early interests,
performance/competence beliefs in mathematics, and
recognition from meaningful others (i.e., family and teachers)
influenced her decision to pursue the engineering track in high
school.
I am from a European country where in high school,
you can choose what track you want to do. For
example, if you want to pursue a career towards
engineering or economics and stuff. I chose to do
engineering because I like math and physics the most.
I chose my track by looking at what kind of courses
every track offered, and that‘s why I chose to do the
engineering track, because it’s more like calculations
and stuff, and that was the courses I liked in
elementary school.
I also chose the engineering track because of my
whole family. They are kinda interested and good at
more like the math part than like, drawing and stuff.
Then, I think I was able to get a lot of help from home,
and therefore, I kinda got good at math and I think you
start to like stuff that you’re good at. That’s why I
kinda started to like math because I was good at it and
I think that’s mostly because I got help from home,
and because of the professors. So then, I picked
engineering because I was good at math. Of course, I

could pick something easier when I got here [United
States]. It doesn’t matter what I picked in high school,
but I felt like I just wanted to keep going because I felt
like I kinda knew what I was doing.
b) Pushed Through Adversity While Learning English
Later, Amanda also decided that she was interested in
attending college in the United States, so she could play soccer
at the collegiate level and receive an engineering education.
In high school, I also decided that I wanted to come
to the U.S. to start playing soccer. However, it’s a lot
of paperwork to do just to get here [United States],
and it started maybe my last year of high school. I
have lots of friends who play soccer and learn English.
I talked with a company at home who had different
connections with different schools here [United
States]. I just told them that I want to play soccer, and
um, get an education. Then, I recorded a video when I
was playing soccer and then sent it out to the coaches
in hopes that I wanted to do something with
engineering. So, that company found the different
schools that wanted me to come play soccer and I
could just pick what school I wanted to go to. But then
they call me to do lots of tests, like an English test,
and the SAT. That process and everything takes one
year. I need to pass the test to be able to come here
[United States]. I passed a lot of them but the English,
like my English wasn’t as good as it had to be. So,
when I got here [United States], I needed to take some
extra English classes, so therefore I am behind with
my studies right now. So I need to take extra courses
when I got here because I was slow with learning
English.
My first semester I take three different English
classes. One was English reading, one was English
grammar, and one was English writing. Then, I also
took one class, kinda bonus class, you just have to take
it. I was enrolled in one math class because it was a
new rule that said you need to be enrolled in a certain
amount of credits, just to be able to play soccer. The
plan was I was only gonna take English class my first
semester but since this changed rule, I need to take the
bonus class and math class. Therefore, I’m not as
behind now as I initially projected.
First, I was kinda struggling. I remember struggling
with some tests like I didn’t understand the question,
and it’s not because I didn’t know what to do, like I
knew the calculations. I just didn’t know the words.
Like if it said “counter-clockwise,” I didn’t know
what it meant so I didn’t know what it was asking for.
I usually went to my professor after the test and was
like “I’m sorry, but I don’t really understand,” and
they treated me really well and explained the material.
For example, the professor helped me to reduce some
parts of it because they knew that I could do it. It was
just the English that I was struggling with. But then,

after the first semester I was here, I don’t think the
language has been a problem anymore.
Even though she passed the exam designed to assess the
language proficiency of students who want to attend postsecondary education in the United States, she shared how she
faced difficulties with learning STEM concepts, due to the
context of particular terms like “counter-clockwise.” Despite
her initial hardships during her first semester at her institution,
Amanda pushed through her adversity by relying on her faculty
as a resource to improve her understandings of the engineering
problems and content.
c) Identity Building Experiences in Engineering
After Amanda’s first semester, she was integrated with
“normal students” since she progressed through the initial
requirements for FLNE students. During this time, she also
described how she reached a sufficient level of English skills
to understand engineering in class better. Throughout these
accounts, Amanda described her experiences working with her
peers on engineering projects, acquiring a leadership role on
her teams, and leveraging her prior knowledge to complete a
project. Unlike her other interviews, Amanda discussed
comparisons about the education system between her home
country and the United States throughout the initial interview.
During my second semester, I go into the school with
normal students. Then, I took another math class and
I started to do my physics class, and some engineering
programming. The programming class, I’d never done
programming before. Another class I was working
with MATLAB, so that one’s like totally new for me.
I didn’t know anything, so I was not interested in the
topic going into the class. Also, it was a lot of work
required in that class. I think it’s fun when you get it,
but it took a lot of effort. I guess, like understanding
what you’re supposed to do. And then for graphical
communication class, so we did a computer. In high
school, at home, we had a similar program but it was
really helpful to have done those before.
One class that all engineers take is an Intro
engineering course that requires a few projects
throughout the semester. One project was you were
supposed to design an airplane or you were supposed
to do the calculations. You were not really supposed
to design it, instead we were required to calculate like
how much air and drag it had. And it would give you
some practice, like it would need to be able to fly from
here [United States] to Europe and then you need to
do some assumptions and calculations, so that was
more like a math project.
Then, we had a second project where you were
supposed to do a ball launcher for a dog which the dog
can use without the owner being home. That was a lot
of math calculations, maybe like what angle you
wanted the ball to be thrown in and stuff, but that one
we were actually supposed to build. We didn’t design
it on the computer because we hadn’t learned how to
do that so we just had to sketch the design on the paper

and a few classes you can be in the workshop and
working on it.
I’m just the kind of person that wants stuff to be done
as quick as possible and not to do it the night before,
so I think I usually take the role where I’m like trying
to make a group of the students pass the ball and like
making sure we get started. But then, I think we stayed
equal amongst all of us. Some people come with some
ideas about what kind of ball launch we could do and
all of us came up with like two different ideas that was
like what we decided to do. Then, one day we met up
and just discussed which one we liked the most. There
was a combination of two of them and then we started
to build and there was one guy in our group that had
been a worker once, so he kinda knew the most and
he kinda told us what to do and how to build it.
I have sorta done workshop before in high school. I
don’t know if you guys also have it, but we have this
class called workshop, so taking that for like four
years, we worked on how to handle stuff in the
workshop. It can always get more complicated and I
used some stuff I hadn’t used before, but it was not
the biggest problem. It was not that complicated, just
some pieces of wood and just stick it together.
That’s the big difference to home. At home in high
school, you barely have homework and then at the
university you never have homework, you have
maybe like two weeks during the whole year and
that’s it. From going from our high school where you
have learned that you need to be self-independent and
professors don’t give you homework. Then you come
here [United States] and it feels like you’re in
elementary school again, because they’re giving you
homework for everything in class. Even just a big
difference which I didn’t really like in the beginning
because it felt like just let me start it the way I want to
start it and when I want to do it and I will do well on
the exam. But then, I realized that I need to do this,
like all the homework.
Overall, the process of transitioning to a school in the
United States makes me more self-independent. Of
course, I have developed my English skills enough,
but it’s like a deeper personal experience and
development than if I had just stayed home and
studied. You feel like you’re moving away from all
the safety you had, like you don’t know anyone and
figure out everything myself. From living at home and
having your parents there to support you to not having
them. It has developed me a lot as a person. I think it’s
worth it. I want to try new things. I think it just makes
me grow.
Amanda described how she primarily focused on applying for
internships while taking engineering courses in vibrations, heat
transfer, machine design, and materials. Amanda shared how
she scored well on her exams in vibrations and materials. Also,
she described strategies some of her professors use during
lectures to ensure students are comprehending the material
such as:

The professor uses PowerPoint presentations, and
sometimes he may start to show a YouTube clip with
a bridge that’s vibrating. And then, he’s breaking
down this bridge into simpler components, use like a
square or something like that. And then, he says this
has a mass, and you have a spring component that is
this value, and then you can get these vibrations,
looking at these equations. We also completed about
seven quizzes throughout the semester and a small
project about water towers.
Toward the middle of the semester, Amanda shared how she
received several offers from companies and decided to accept
two internships abroad in her home country. She also began
making more connections with professors, which resulted in
increased exposure to engineering concepts and applications.
This semester I’ve started to have more of a
connection with my professors. It started with me
have to ask one of my professors for internship
assignments, so I got a really good consult with him.
And then, he introduced me to another professor that
is in charge of a lot of different research projects at
school. So then, I started to talk with him, so now I’m
involved in some of his research projects. Right now,
I don’t contribute anything. I’m just there to learn.
In Amanda’s third interview, she described her role during her
internship focused on data acquisition to understand athletes’
movements using force plates. She discussed how she
leveraged her knowledge from her internship in her
biomechanics course.
Actually, I didn’t think we were going to use anything
I learned from my internship, but now we have a
project in Biomechanics where we are using force
plates for collecting data. And that was a bit helpful,
since I had used force plates during my internship. I
don’t really know what we’re going to do with the
data. Hopefully find out at some point. We used the
school’s lab, which have force plates and a lot of
markers that you put on yourself surrounded by a lot
of cameras. The cameras will see all the markers. We
can determine the movements and the forces, which is
calculating the forces.
In addition to biomechanics, she also described a yearlong
group project where they are focused on designing an ankle
brace that prevents ankle sprains in soccer. Amanda and her
peers also attended a biomedical engineering conference, so
they could gain more knowledge for the design project. Similar
to her second interview, Amanda highlighted how the faculty
members were very helpful, even when they were not currently
taking their course. More specifically, she described how her
materials engineering professor helped her group identify an
appropriate material for the ankle brace.
We are using a flexible plastic called CPAs. That is
supposed to allow natural range of motion and also
provide forces at a higher velocity. We are 3-D
printing the brace to be able to do thin, because current
braces on the market are very bulky. And we have
now downloaded prototype, and obviously it’s going

to have to be redone because it was used the outer
shell of it. So, there’s no support yet or anything.
Amanda also expressed how being a student athlete required
time management because she did not have as much leisure
time as her peers. However, she believed that managing soccer
and engineering motivated her to be more focused and
productive during the time she allocated for homework. While
Amanda described her classroom experiences in her fourth
interview, she primarily continued discussing the current status
of the design project because they were expected to validate
their prototype using multiple tests such as tensile and fatigue.
However, their project was impacted by the COVID-19 global
pandemic, which resulted in a limited timeframe for testing. As
a result, they were only able to rely on the tensile test to validate
their product. In addition to limitations mentioned, when we
asked Amanda about her interactions with professionals in her
field, she described how she and her peers experienced
difficulties with the company contracted to make some parts of
their ankle brace. She suspected the company reacted in this
manner because they were students.
d) Experiencing Tension Between Multiple Role
Identities
Despite the difficulties experienced during this semester,
Amanda described how she and her peers started a company
related to their design project. However, she also expressed
how she did not have intentions of pursuing engineering as a
career after graduation. Instead, when we asked about her
short-term and long-term career plans, she stated how she was
interested in focusing on her professional soccer career.
I’m not sure. I’m currently on the women’s soccer
team here at the university so I do a lot of soccer and
I wish to continue to play afterwards. That’s my
current goal to find a professional soccer team where
I can go and play. Eventually, I will do my masters
and do a job as well. Either a master’s in mechanical
engineering since I’m doing my bachelor’s in it. Or I
was thinking about sports engineering but the industry
for that is much smaller and maybe not be a good idea
to do a master’s in it if it’s difficult to get jobs.
Before I got here [United States], I applied for
different programs back home in my home country
and then I applied for industrial engineering and
management just because it’s always something I’ve
been interested in like in engineering economics.
Then, I got here [United States] and after like a couple
of semesters I realized sports engineering was a thing
and that is something I’m even more interested in
because I love sports. I do enjoy using my brains to
solve problems. To put those two together would be
something I would enjoy doing.
Lastly, Amanda reflected on her initial intentions for attending
school in the United States, which resulted in her suppressing
her engineering identity.
Originally, I came here for my soccer experience and
then the engineering has just become a lot bigger than
I expected. I spend much more time on it than I
expected. I have liked it.

In my first semester, it just started off with a ton of
homeworks and assignments and test. It was a big, big
workload so I was kind of forced into it. With my
personality, I’m always trying to do my best even
though it would be enough to just get a passing grade
on an assignment. I would not complete an
assignment with something I didn’t think I was going
to get 100% on. That’s how it started off. That was
very annoying. I didn’t like it at all because I came
here for soccer and the engineering took over when I
didn’t want it to. My last year, my senior year, has
been more focused on engineering but that’s because
I wanted it.
This narrative provides valuable insights into the experiences
of FNLE for multiple reasons. First, Amanda’s journey to a
career in engineering began at an early age, due to
reinforcement from her teachers and family members, which is
a crucial aspect of increasing the likelihood of girls choosing
and persisting in a STEM career. Even though it appeared as a
catalyst for Amanda’s pursuit of a career in engineering,
Amanda later shared how she felt forced to prioritize
engineering instead of her identity as a soccer player. While
Amanda’s narrative materialized as a story about a student who
persisted in STEM (despite adversity) and was confident in her
ability to learn and be an engineer, she also grappled with
conflict between multiple role identities. These findings
highlight how deeper considerations in understanding what
contributes to a student developing an engineering identity and
underlying richness provided by longitudinal narratives when
examining students’ identities overtime.
V.

DISCUSSION

The purpose of this paper was to examine the recognition
beliefs and identity development of early-career engineering
students who use a primary language other than English in their
household. While the recognition beliefs of early career FLNE
engineering students were lower than their peers, Amanda’s
story highlighted three considerations for engineering
educators—1) Early interest and engagement in STEM are
important for women choosing and persisting in a STEM
academic major and creating alternative paths of success; 2)
Women in engineering make negotiations with their identity as
an engineer concerning other aspects of themselves (i.e., race,
class, and gender), including others professional role identities;
3) Adversity presents an opportunity to increase the
accessibility of engineering content and identifying ways to
support students’ transitions into engineering education.
Despite Amanda establishing an early interest in STEM,
actively engaging in curricular and co-curricular activities, and
incorporating her soccer interests in her projects, Amanda
experienced tension between her competing interest in
engineering and sports. Prior literature has discussed the
importance of connecting engineering content with student
interest and how competing interests relate to students making
negotiations about their decision to pursue or leave engineering
[34], [35]. However, Amanda’s tension between soccer and
engineering did not affect her degree attainment. Instead, the
taxing nature of engineering “forced” her to foster a stronger
engineering identity by obtaining multiple internships and

starting a company with her peers to build on their senior
design project overtime. However, this finding also highlights
how women not only negotiate their identity concerning their
gender [36] in engineering. Instead, these findings highlight
how some students intend to leverage engineering to support
their long-term success by engaging in entrepreneurship and
maximizing their future careers.
Unlike prior work [3] where early career students describe
engineering as an obstacle that must be conquered, Amanda
often referred to her experiences in engineering as positive and
consistently relied on faculty as a resource to overcome her
difficulties while learning English, completing engineering
projects, and networking with faculty. However, despite her
ability to navigate adversities with foundational language
courses and discussing her difficulties with faculty during her
first year at her institution, these findings present opportunities
to advance the accessibility of engineering content and support
students’ transitions into engineering education. For example,
when Amanda described difficulty with understanding terms
such as counter-clockwise, this situation presented an
opportunity for the professor to integrate illustrations in their
presentations to mitigate confusion.
In addition to incorporating multiple modalities of learning
(i.e., words, models, or videos), additional considerations for
supporting students transitions into engineering education
include integrating support structures for FLNE students such
as summer bridge programs. For decades, support structures
have existed to bridge the gap for students who are traditionally
minoritized in STEM to increase interest, sense of belonging,
networking, and enhance student knowledge in STEM content
[37]. While these efforts are necessary for increasing
representation in STEM, additional sources of support for
language should be integrated to support students in their
transition as an undergraduate engineering student in the
United States. Respectively, the engineering education
community needs to identify and enact ways to support these
students throughout their STEM journey.
VI. CONCLUSIONS
This mixed methods research study begins to reveal the
impact of language and multiple role identities on engineering
students’ identity trajectory starting with recognition. First,
our work delves into how FLNE students feel generally less
recognized as engineers than their peers. Then, our work
highlights how some students may have lower recognition
beliefs early on because they are experiencing adversity, in
addition to the obstacles associated with studying engineering.
More importantly, this work allowed us to make sense of
students who may be similar to Amanda concerning
negotiating between multiple roles and social identities, which
in turn may contribute to their decision to pursue an alternative
career. Our future work includes using stories of latently
diverse students to promote an inclusive culture in engineering
through pedagogical interventions that support student
identity development over time.
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