The Future of
Engineering Education

2024 Annual Conference & Exposition MAGIgY-f iR EHeTNZTol4eXs MO R{-V¢ SASEE
et Pordand OR June 23 -26.2024 _ g TrWmYWER

Leveraging the CARE Methodology to Enhance Pedagogical and Institutional
Support for Blind or Low-Vision (BLV) Learners in Electrical and Computer
Engineering (ECE)

Aya Mouallem, Stanford University

Aya Mouallem (she/her) is a PhD candidate in Electrical Engineering, minoring in Education, at Stanford
University. She received a BEng in Computer and Communications Engineering from the American
University of Beirut. Aya is a graduate research assistant with the Designing Education Lab at Stanford,
led by Professor Sheri Sheppard, and her research explores the accessibility of introductory engineering
education to learners with disabilities. She is supported by the Knight-Hennessy Scholarship and the
RAISE Doctoral Fellowship.

Trisha Kulkarni, Stanford University
Dr. Sheri D. Sheppard, Stanford University

Sheri D. Sheppard teaches both undergraduate and graduate design-related classes, conducts research on
fracture mechanics and finite element analysis, and on how people become engineers. From 1999 to
2008, she was a Senior Scholar at the Carnegie Foundation for the Advancement of Teaching, leading
its engineering study. Sheppard has contributed to significant educational projects, including the Center
for the Advancement of Engineering Education and the National Center for Engineering Pathways to
Innovation (Epicenter). Her industry experience spans Detroit’s Big Three: Ford, General Motors, and
Chrysler. At Stanford, she has served as faculty senate chair, associate vice provost for graduate education,
founder of and adviser to MEwomen, and leads the Designing Education Lab (DEL), which aims to
revolutionize engineering education. Her achievements have earned her numerous honors, such as Stanford’s
Walter J. Gores Award and the American Society for Engineering Education’s Chester F. Carlson and
Ralph Coats Roe Awards. She earned her PhD from the University of Michigan.

©American Society for Engineering Education, 2024



Leveraging the CARE Methodology to Enhance Pedagogical and
Institutional Support for Blind or Low-Vision (BLV) Electrical
and Computer Engineering (ECE) Learners

Abstract

There is a growing, yet relatively limited body of research exploring the experiences of learners
with disabilities in introductory electrical and computer engineering (ECE) education. With the
proven importance of introductory ECE education in influencing students’ undergraduate
interests and future career prospects in technology, the inaccessibility of the field to learners with
disabilities poses an inequitable access barrier that further marginalizes these learners, often
preventing them from exploring the field in the first place. In particular, as ECE largely relies on
visual cues for designing, building, testing, and debugging hardware systems, ECE education is
significantly inaccessible to learners who are blind or have low vision (BLV). Thus, it is
imperative that we assess and evaluate any accounts of blind ECE learners to critically redesign
ECE pedagogy to meet their preferences and needs and prioritize their inclusion. The
Challenging and Rewarding Experiences (CARE) methodology is a recent framework that
promotes an in-depth assessment of student-centric perspectives on ECE course offerings, with
the intention of informing instructors of necessary change to be introduced to the course
offerings to improve students’ experiences and align their expectations with the planned course
objectives. In this paper, we apply the CARE methodology to conduct a comprehensive analysis
of the autoethnographic account of the first blind student to complete the introductory ECE
course at our institution, Stanford University. This work also expands the role of the blind
student to become a co-researcher, actively guiding the direction of this work while receiving
mentorship from research team members on qualitative research methods.

In this work, we begin with the analysis of seven reflection journal entries written by the blind
student and relevant discussion session notes recorded by the lead researcher. These data were
generated and collected via the autoethnography method and analyzed by applying the CARE
methodology, using a grounded theory approach, during which we completed open and focused
coding. We then identify intersecting Challenging And Rewarding Experiences (CARE) areas
that the blind learner faced in the introductory ECE course. Next, we compare these CARE areas
to those that emerged from studying a group of 42 sighted students taking the same course with
the same resources, as published in prior work. This comparison leads us to identify a new,
fourth lens for the CARE methodology— namely, inequitable challenges, faced by the blind
learner due to the inherent ableism of ECE education and the inaccessibility of its available
resources (this is in addition to the original three lenses of the methodology: rewarding
experiences, unproductive struggle, and healthy challenges). Consequently, based on the newly
identified CARE lens in this work, we propose a preliminary list of good practices for inclusive
institutional and pedagogical support for BLV learners pursuing introductory ECE education. We
also believe that the CARE methodology can be used to amplify the voices of other ECE
students with different disabilities to inform systemic change for inclusive ECE education.



1 Introduction

1.1 Disability in engineering education and professional fields

The 2023 National Center for Science and Engineering Statistics (NCSES) report Diversity and
STEM: Women, Minorities, and Persons with Disabilities defines a person with a disability as
someone who experiences difficulties completing one of the following activities: “seeing words
or letters in ordinary newsprint (with glasses or contact lenses, if usually worn); hearing what is
normally said in conversation with another person (with a hearing aid, if usually used); walking
without human or mechanical assistance or using stairs; lifting or carrying something as heavy as
10 pounds, such as a bag of groceries; and concentrating, remembering, or making decisions
because of physical, mental, or emotional condition.” According to the same report, data on
postsecondary degrees earned by persons with disabilities are very limited in comparison to other
minority groups [1]. The report states that 65% of STEM employees with a disability had not
attained a bachelor’s degree. Among doctorate recipients with disabilities in 2021, individuals in
engineering had the lowest rate of disability among all majors of study, at 8.2%. As the report
highlights that 24% of the U.S. workforce is employed in STEM occupations, it remains
imperative to address the consistently low numbers of students with disabilities pursuing
engineering degrees in higher education.

There have been growing research efforts exploring the intersection of disability, participation in
engineering fields, and broad engineering education. A recent literature review highlighted the
relatively unexplored area of meaningful disability participation in engineering fields, focusing
on four groupings of disability: physical, cognitive, behavior, and psychiatric. According to this
work, most of the available literature still views people with disabilities in unfavorable light,
often excluding them from participating in studies on technologies for disability, overlooking
their much-needed insight, and treating them as unequal engineering partners in the design and
research processes [2]. Another literature survey focused on ASEE publications noted that there
was a significant lack of research focusing on disability as an identity and on the experiences of
students with disabilities in engineering education [3].

Several works have explored the stigma, social exclusion, systemic marginalization, devaluation,
and feelings of “otherness” experienced by students with disabilities in engineering education
[4], [5]. These consequences were attributed to a variety of reasons, including the lack of role
models with disabilities, educators’ misconceptions about the students’ abilities, lack of adequate
counseling and institutional support, and the lack of accessible engineering and educational tools
in lab settings [6], [7], [8], [9]. Noteworthy is focused and comparative work in civil engineering
education which has seen particularly extensive efforts addressing disability (in comparison to
other fields). For example, multiple projects have explored the experiences of students with
disabilities in civil engineering programs in different settings, including the United States,
Germany, and South Africa [10], [11], [12].

Ableism has always been prevalent in many fields of education, including engineering education.
It entails discrimination against people with disabilities, often in favor of practices and
preferences of able-bodied individuals; consequently, this reinforces the exclusion and
marginalization of people with disabilities — the biggest minority group in the U.S. [13], [14].



With ableism in engineering fields still persistent, there has been commendable research aimed at
improving the accessibility of engineering education for students with diverse disabilities. These
works addressed multiple fronts, including the proposal of new tools and educator resources,
informing policy decisions, and leading new research initiatives [15], [16], [17], [18]. On the
tools front, Behm et al. presented an improved real-time tracking text display (RTTD) for deaf
and hard of hearing students attending engineering lectures [19]. The University of Washington’s
AccessSTEM program developed a multitude of resources for educators to facilitate creating
inclusive teaching environments in engineering [20], [21]. Moon et al. proposed several
accommodations for students with different types of disabilities, including blindness, deafness,
and cognitive disabilities in classrooms and labs across educational levels [22]. Moreover, policy
efforts have also advocated for increased funding for workshops focusing on students with
disabilities in engineering, as such inclusion is vital for economic prosperity and social equity
[23]. Such efforts are crucial, along with the need for a more specific focus on different
engineering fields to significantly enhance the accessibility of each field.

1.2 (In)accessibility of introductory ECE education to learners with disabilities

Electrical and computer engineering (ECE) education is among the less systematically explored
fields in terms of accessibility to students with disabilities. As a rapidly growing field over the
past two centuries, the design of ECE curricula did not often accommodate for disability access.
In his reflection on the future direction of ECE education in 1971, H. H. Skilling, an influential
figure in the development of ECE education at Stanford University, stated, “We must continue to
train the practitioners of [electrical] engineering, and in addition we must help educate all serious
students. This double responsibility lies before us.” [24] In line with such hopes, it is necessary
to include students with disabilities who are interested in ECE in such educational offerings.

Recent research has attempted to explore diverse inaccessibility gaps in ECE education. A VR
tool simulating an electrical engineering lab was prototyped and tested with the goal of
improving the experience of students with disabilities, especially those with mobility disabilities
[25]. As for TronicBoards, it is a toolkit that was developed to support learners with intellectual
disabilities in exploring circuit design [26]. In his autoethnographic work, Seo addressed three
aspects of makerspaces that were inaccessible to blind and low-vision individuals: inaccessible
instructions for toolkits, lack of multisensory modules, and a less tangible design of breadboards
[27]. These areas involved electronic hardware prototyping and circuit design, which are main
pillars of ECE education.

Such inclusive research efforts in ECE education are very important but are dispersed and few.
We believe that ECE education requires a systematic investigation of its ableist resources, and
that the experiences of students with different types of disabilities must all be explored in depth
and documented to guide the development of pedagogical and institutional support mechanisms.
Thus, in this work, we focus on the inaccessibility of ECE education to blind and low-vision
learners (BLV) in particular, adopting a student-centric approach to source barriers that hinder
BLV access to the field. This effort is part of a larger project extensively exploring how ECE
education can become more accessible to learners who are BLV via the introduction of new
technology, educational tools, and frameworks.



1.3 A student-centric approach to center the BLV learner’s experience

Recent research has begun to address inaccessible aspects of ECE education to BLV learners,
including tactile add-ons to electronic components, nonvisual soldering workshops, and 3D-
printed circuit diagrams [28], [29], [30]. While a step in the right direction, we believe that a
truly transformative re-design of ECE education to support BLV learners must stem from the
learners’ experiences first and foremost. It must adopt principles of co-design [31], [32], [33],
where the learners, who are the primary stakeholders and users, end up influencing the design
and research agenda by highlighting the most pressing challenges that they face in the field. We
are spearheading this effort, adopting the autoethnography method to document in depth the
experiences of the first BLV learner to complete the introductory ECE course, ENGR 40M, at
Stanford University [34]. Such documentation is the first to exist in the field and aims to lay the
foundation for similar efforts in the future, in order to develop BLV-inclusive measures that must
be introduced to ECE education directly from student-centric feedback. In our referenced
autoethnographic work, we explored the design decisions of introductory ECE education
resources that make the field inaccessible, and we recommended BLV-inclusive design criteria
for future engineering education tools accordingly, such as modular electronics, tactile labels,
and multimodal feedback. In this current research, we attempt to explore the pedagogical and
institutional aspects that can improve the BLV learning experiences in ECE education.

1.3.1 Autoethnography

Ethnography is a form of social inquiry and a qualitative research method that researchers have
been adopting more frequently in engineering education research, as it allows them to closely
observe and interpret how people interact, function, and behave in different social contexts [35],
[36], [37]. Stemming from fields such as anthropology and sociology, ethnography entails the
collection of data using a variety of methods, including observation, listening, and asking
questions [38]. Autoethnography is an evolved subset of ethnography; it is a qualitative research
method that centers the subjective, personal insights of a researcher as the main explored
narrative, as situated in a specific sociocultural context [39]. Via autoethnography, the researcher
becomes the primary source of data and can investigate and analyze the latter reflexively. This
method holds particular promise in the context of our research, as it can help elevate and explore
the marginalized, undocumented experiences of BLV learners in ECE education, away from
oversimplification or generalization. In addition, as particularistic findings in qualitative research
may hold greater value than generalizable ones, especially when studying marginalized
narratives, autoethnography can elucidate specific insights from a sole BLV perspective in ECE
education that can lay the groundwork for more comprehensive surveying of additional BLV
experiences in the field [40].

In fact, autoethnography has been previously utilized in education research [41], [42], [43], [44].
In particular, it has also been used to seek and document the experiences of students with
disabilities in making and STEM education [27], [34], [45]. By centering the role of participants
with disabilities as the primary researchers in the process, autoethnography ends up fully
aligning with the slogan “Nothing about us, without us” that has been adopted by disability
activists and organizations for decades in a variety of fields, including education [46], [47], [48],
[49].



To hone in on the importance of adopting autoethnography in an ECE educational context, we
postulate that this method can uncover and emphasize the lived curriculum by BLV students in
ECE education [50], [51], [52]. In reality, even with extensive prior planning, educators and
disability support officers (DSOs) cannot fully predict the impact of their accessibility measures
on the realistic experience of an incoming BLV student to an introductory ECE course. This
difference between the educators’, DSOs’, and students’ expectations and experiences gives rise
to the aforementioned lived curriculum. We believe that autoethnography can afford educators
and DSOs a deeper understanding of the reality of being a BLV student in an ECE context, in
addition to providing a closer look at the impact of any BLV-accessibility measures integrated in
the curricular offerings.

1.3.2 The CARE methodology

To provide structure for a student-centric analysis of the autoethnographic data, we adopted the
CARE methodology, displayed in Figure 1, which we developed and applied previously for a
student experience assessment in an introductory ECE course context [53]. This methodology
categorizes the collected and coded qualitative student-centric data as challenging and rewarding
experiences. It posits that the intersecting areas of the most Challenging and Rewarding
Experiences, or CARE areas, are the most important areas to improve in order to better align
what the students value and take away from the course with the educator-planned course
objectives. In particular, the CARE methodology categorization sheds light on students’
“unproductive” struggles and “healthy” challenges, in addition to what they find fulfilling and
rewarding in their learning experiences. Given the access barriers that BLV learners face in ECE
education, the CARE methodology can uncover and amplify such experiences, so that educators
and institutions can crucially address such barriers to improve the learning process of BLV
students in ECE courses.
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1.3.3 The introductory ECE course

The CARE methodology was recently applied in the context of the same introductory ECE
course that the BLV student enrolled in and completed in this research work. Called ENGR 40M
— An Intro to Making: What is EE, this is the introductory ECE and making course in the ECE
course sequence at Stanford University. It is required as a core course for ECE majors and as an
elective for other majors, such as Computer Science. The course incorporates multiple lectures
and problem-solving sessions every week, in addition to weekly labs. In the lab, students apply
introductory ECE concepts, such as Ohm’s law, power, microcontrollers, filters, and amplifiers
to build real-life, functional projects and devices. These include a solar-powered USB charger,
an electrocardiogram, and a LED cube. The course has incorporated several curricular re-design
iterations and new tools to improve its offerings for students, including a debugging simulator
and journal [54][55]. The main goal of this course is to make introductory ECE education more
experiential, realistic, and enjoyable for early ECE students. On average, the course welcomes
more than 100 students every academic quarter and is usually offered year-round. Appendix A in
the work [53] provides a detailed course overview, covering its learning outcomes, activities, and
performance indicators. Bell and Horowitz also documented their re-design of the course
pedagogy to increase learning motivation among the students [55].

In 2022, the CARE methodology was utilized to assess the experiences of 42 sighted students
who were enrolled in ENGR 40M [53]. After collecting, qualitatively coding, and categorizing
the data according to the CARE structure, five main CARE areas were presented:

Understanding, analysis, and design of circuits

Developing hands-on lab skills

Exploring and simplifying complex systems independently
Debugging

Working independently with room for innovation

These were the course areas that students found the most rewarding but also significantly
struggled with, and the referenced work delves into detail for each area. Researchers then
presented a list of recommendations to address those CARE areas, in order to improve the
learning experience of students in the course in line with its objectives. Therefore, in our work,
we explore whether the CARE areas emerging from the BLV student’s course experience
overlap with the aforementioned areas and how they compare.

1.4 Deliverables

This work expands our prior efforts in documenting the experiences of a BLV learner in
introductory ECE education. It provides the essential basis that can inform institutional and
pedagogical improvements to increase the accessibility of ECE education to BLV learners. By
adopting the CARE methodology to assess the BLV learner’s experience with the course, this
methodological choice also has implications for the use of the CARE methodology itself as an
approach to expose systemic barriers to inclusive ECE education for learners with disabilities.
Finally, this work addresses the uncovered BLV experiences in the studied introductory ECE
course by proposing some recommendations for academic institutions, educators, and disability
support officers (DSOs), directly sourced in a bottom-up manner from the BLV student’s



experiences, to transform different aspects of the BLV learning experience in ECE. The aim of
this work is to set the foundation for additional, future work by researchers and educators in the
community to expand these accessibility efforts in ECE and to add to the non-exhaustive
documentation of BLV challenges and relevant recommendations in the field.

2 Positionality

The authors of this work bring forward a diversity of experiences that overlap with and
contribute to different areas of this work. Thus, we briefly highlight our relevant backgrounds.

Aya Mouallem is a sighted researcher and fourth-year PhD candidate in Electrical Engineering
with the Designing Education Lab at Stanford University. She focuses on designing new
technology-based tools and frameworks to improve the accessibility of ECE education to BLV
learners. Mouallem has collaborated with BLV community members and organizations
throughout her research projects, including needfinding, tool co-design, and evaluation. She also
mentors blind undergraduates in engineering research at Stanford, and she has prior teaching
experience in design and engineering, including belonging to the teaching team of ENGR 40M
(the course under study). Mouallem mentored Kulkarni on the use of qualitative research
methods in this work.

Trisha Kulkarni is currently a master’s degree candidate in Computer Science at Stanford
University. She was the first blind student to complete ENGR 40M as an undergraduate
requirement. She completely lost her vision during her early teens, which necessitated her use of
nonvisual techniques during her education. While she is proficient in Braille, she primarily uses
digital screen readers to complete schoolwork. Kulkarni’s conflictingly empowering and
isolating educational experiences fuel her dedication to inclusion in STEM education as a
teaching assistant and mentor to blind students nationwide. Kulkarni explores her experiences in
ENGR 40M via autoethnography in this work.

Sheri D. Sheppard is an experienced Mechanical Engineering educator. Many of her courses
involve project-based learning and in-class hands-on exercises. Adapting these exercises for her
students with disabilities, including BLV students, has been challenging, and not always
successful. Through her teaching and in her research, she is keen on expanding our collective
understanding of how to make engineering education both exciting and accessible.

In this work, Kulkarni used the pronoun “I”” to describe her autoethnography experiences in any
featured quotes. Mouallem set the project groundwork and coordinated the research process.
Mouallem and Kulkarni collaboratively analyzed the data, and in such contexts, they used the
pronoun “we.” Sheppard mentored the rest of the authorship team and provided education-
focused feedback throughout the process.



3 Methods

3.1 Data collection

This section covers our efforts in relation to Step 1 of the CARE methodology as displayed in
Figure 1. Our work primarily relies on the autoethnographic data that was generated by Kulkarni
with the guidance of Mouallem. The autoethnography project was proposed after Kulkarni
completed ENGR 40M in 2022. Thus, the autoethnographic method was employed
retrospectively, starting approximately one month post-course completion. Data collection was
completed over six months, during which Kulkarni wrote journal entries and participated in
regular follow-up discussions with Mouallem as follows.

To facilitate this data generation process, Mouallem prepared a list of optional guiding questions
as thought-primers that Kulkarni could use to address different aspects of her experience with
ENGR 40M in her written journal entries and during the subsequent discussion sessions. The list
did not attempt to evoke any specific types of positive or negative experiences, and Kulkarni
often ventured beyond the questions on the list with her own reflection topics. Kulkarni tackled
one week’s worth of course content at a time, reviewing that week’s course material, including
homework submissions and pre-lab assignments, and reflecting in her written journal entry, as
shown in Figure 2. Then, Mouallem and Kulkarni would meet, sometimes more than once, to
discuss that week’s entry. Mouallem would probe with more questions during the discussion
sessions, and she took the lead on drafting detailed discussion notes. In addition to
retrospectively generated data, we relied on artifacts from the course, including class lecture
recordings and lab handouts and manuals.
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Figure 2. The data collection steps adopted for every week’s worth of course material by
Mouallem and Kulkarni.

Mouallem and Kulkarni conducted their discussion sessions over Zoom, as they were in different
time zones at several points. We consolidated Kulkarni’s journal entries and the discussion notes
taken by Mouallem using a Google Doc. In total, the collected data amounted to 7,239 words, in
the form of seven journal entries (which we will refer to as JE in this work) and discussion notes
of more than 10 discussion sessions (which we will refer to as DS). These data served as our
primary dataset for this work. We provide quotes from these journal entries and discussion
sessions between quotations in the Findings section.



3.2 Data analysis

In this section, we explain our application of Steps 2 and 3 of the CARE methodology as
displayed in Figure 1. To analyze the collected data from a student-centric perspective, we
adopted a grounded theory building approach, as it emphasizes the inductive development of
hypotheses directly from the collected data itself, rather than relying on literature to define
analysis directions [56], [57]. In fact, the grounded theory approach was a very suitable choice
for analyzing this work because an extremely limited body of literature, prior to our efforts, has
explored and documented the experiences of BLV learners in introductory ECE education,
especially using autoethnography. Therefore, we were not able to create a solid basis using prior
literature findings to guide our analysis deductively.

In line with the prior application of the CARE methodology in [53], and to commence data
analysis, we inductively generated qualitative codes based on our collected data to represent
clustered themes and areas in the autoethnographic data. In fact, we first completed a round of
open coding, where each of us (Mouallem and Kulkarni) separately generated as many codes as
possible, arranging them in two separate codebooks. These codes were words or phrases
representing similar data and ideas [58]. Next, we met and compared our codebooks, and we
resolved any missing or conflicting codes. After that, we were able to merge our codebooks into
one. As a next step, we completed a round of focused coding using the merged codebook, where
we began to draw potential connections between our codes and recorded them as memos. We
explored connections based on the situational context in which certain experiences occurred,
social interactions relevant to the experience, and the consequences or effects of any (in)action
taken [59]. This enabled us to cluster similar codes into more abstract categories.

At this stage, upon the completion of Step 2 of the CARE methodology, we had generated 23
different codes and 104 relevant sub-codes addressing all possible areas of Kulkarni’s experience
in the introductory ECE course. To complete Step 3 of the methodology (Identifying the CARE
areas), we then set up a categorization structure representing the codes of challenging
experiences and another representing the codes of rewarding experiences to further cluster the
identified codes. For example, codes representing challenging experiences included “lack of
[accessible schematic] labeling,” “debugging,” and “inability to document understanding.”
Codes representing rewarding experiences included “independence,” “[collaborating with a] lab
partner,” and “multimodal representation.” Some codes were placed simultaneously in both
structures, giving rise to the CARE areas of Kulkarni’s experience in the introductory ECE
course, which we discuss in the Findings section.

Applying the categorization approach of the CARE methodology, each of these structures further
categorized the student experiences into “cognitive, affective, metacognitive, and pedagogical
categories”, as influenced by Bloom’s taxonomy, Fink’s taxonomy, and the work explained in
[53], [60], [61]. The categorization structure for codes representing challenging experiences is
shown below in Figure 3.
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Figure 3. Categorization structure of codes representing challenging experiences into cognitive,
metacognitive, and affective experiences, in addition to pedagogical factors. Categories labeled
with (B) are extracted from Bloom’s taxonomy, and categories labeled with (F) are extracted
from Fink’s significant learning outcomes.

With this structure, we were able to assess Kulkarni’s experiences as a BLV student in ENGR
40M more comprehensively, and we also began to notice inequitable challenges that Kulkarni
had to deal with particularly due to her disability. We explore these areas in detail in the
Findings section.

3.3 A note on the accessibility of the data analysis process

Qualitative coding software packages are often partly or completely inaccessible to digital screen
readers, which are text-to-speech software packages that improve the accessibility of digital PC
work to BLV users. Therefore, we adopted workarounds from work by Aishwarya that
highlighted the exact issues that we faced with coding software inaccessibility [62]. As a result,
we used Microsoft Excel to code the data, as Excel was accessible to a screen reader. Kulkarni is
a blind researcher promoting academic research about her disability, and while achievable, our
research process was more tiresome and involved, in comparison to a conventional, inaccessible
coding software process. This demonstrates the dire need for accessible research tools to invite
more BLV researchers to efficiently conduct valuable research on their experiences.

3.4 Validity practices to improve the research quality

While autoethnography is a deeply subjective method, it remains a vitally important approach to
documenting individual narratives that are traditionally marginalized in engineering education.
Autoethnography is subject to the traditional criteria of validity, adhering to the fact that the
writing must “evoke in readers a feeling that the experience described is lifelike, believable, and
possible” [39]. In our work, we conducted numerous discussion sessions of Kulkarni’s journal
entries to record detailed experiences that the latter faced during the introductory ECE course, in
order to collect sufficiently comprehensive data that can evoke a realistic picture of Kulkarni’s
experience for the reader of our work. Moreover, as autoethnography relies on the reflexive
analysis of one’s experiences in relation to the sociocultural contexts surrounding them, we
attempted to achieve reliability by analyzing our collected data while situating it in the context of
ENGR 40M and in relevance to the heightened emotions and awareness of identity that Kulkarni
elaborated on, especially in comparison to sighted students’ experiences [63].

Finally, we adopted multiple validity recommendations by Johnson and Wolcott, including
methods triangulation, investigator triangulation, and seeking feedback from experts [40], [64].
Our work in [34] elaborates on the adoption of these validity methods in our autoethnographic
process. It is important to reiterate, according to Johnson, that particularistic findings may reveal



more valuable insight than generalizability in qualitative research. Our research closely aligns
with this statement, as we believe that the specific findings that emerged from Kulkarni’s
experience are necessary to launch needed documentation efforts for the experiences of
marginalized BLV students in ECE education.

4 Findings

Via the analysis of the autoethnographic data representing Kulkarni’s experiences as a BLV
student, we identified five main CARE themes, consolidating the codes that simultaneously
appeared in the categorization structures of challenging and rewarding experiences. The areas
are:

Understanding, analysis, and design of circuits
Experimental learning methods for improved accessibility
Developing hands-on lab skills

Interactions with stakeholders

Exploring and simplifying complex systems

We first discuss each CARE area in detail, then we compare the current CARE areas listed
above, generated from the BLV student’s experience with those identified in the sighted
students’ experiences in [53] and listed in the Introduction. We also elaborate in the Discussion
section on the grounding of many challenges that Kulkarni faced in the inherent ableism of ECE
education.

4.1 The five CARE areas derived from the BLV student’s experiences
4.1.1 Understanding, analysis, and design of circuits

ENGR 40M primarily relies on circuit schematics and system diagrams to introduce and apply
basic circuit theories. For example, in the first assignment of the course, the enrolled students
usually navigate a variety of simple circuits, consisting of a power source, resistors, and wires, to
apply Kirchhoff’s Current Law and Ohm’s Law. The course also introduces different electronic
components throughout the academic quarter, including capacitors, inductors, and transistors. In
the case of the latter, students learn the flow of current into/out of at least three terminals of the
transistor (gate, drain, source), which also requires a visual exploration of how the transistor is
connected in the larger circuit. Kulkarni reflected on her experiences with such curricular
content.

The disability services officer (DSO) who worked with Kulkarni prepared a limited number of
square cardboards with Braille printouts of the schematics of main electronic components used in
the introductory ECE course. Examples of these cards are shown in Figure 4. While the Braille
cards allowed Kulkarni to explore the component schematics and place them in order on a
surface to create a circuit schematic, “exploring tactile circuits for the first time during class
[was] hard.” Moreover, the course material was primarily presented in slides, which were
explained in recorded videos, as the class adopted a flipped class format. Therefore, the
schematics in those slides were inaccessible to Kulkarni without another person being present
and describing such schematics out loud to Kulkarni. As she reflected on these struggles with the



inaccessible format of the course content, Kulkarni maintained that “once [she was] on the same
ground regarding [the] photos shown in recordings of the lectures, she became more comfortable
with the concepts.” She also reflected on how she went through a “schematic a lot until it made
sense conceptually.” At that point, Kulkarni would feel that she had established a solid
foundation in understanding the material, and that brought her feelings of pride and
accomplishment.

Among the electronic components that the course introduced, Kulkarni found transistors to be
particularly “cool but challenging.” As the transistor required the student to understand the
current flow through its different terminals, Kulkarni had to meet with a visual descriptionist (a
student who had previously taken this course and who was hired by the DSO to provide visual
description to Kulkarni of the course content) to describe the layout of the terminals and talk
Kulkarni through the direction of the current flow into/out of each terminal and in the rest of the
circuit. Kulkarni found it challenging to document such understanding, as the Braille printouts of
the transistor did not incorporate tactile representations of these different current directions.
While Kulkarni attempted to take typed notes on her laptop about the transistor functionality
within a larger circuit design, it was difficult for her to make sense of these notes later on, when
the visual descriptionist was not present to refresh her memory, and when there was no layout of
the larger circuit — only a schematic of the sole transistor. However, despite these challenges that
accompanied learning about transistors, Kulkarni expressed how rewarding it was for her to learn
how transistors represent binary logic and apply such knowledge in proposing a design for a
decorative LED cube for one of the lab projects.

Figure 4. Braille card printouts of different electronic components.

Therefore, this CARE area highlighted some mixed experiences that Kulkarni had while building
her understanding of circuit theories and utilizing them to design and analyze circuits. The
inaccessibility of many aspects of these experiences, such as the limited availability of Braille
printouts and missing tactile representations of specific concepts, added difficulty to the
student’s learning experience. Nevertheless, she was able to extract rewarding moments from
these learning processes.



4.1.2 Experimental learning methods to improve accessibility

As Kulkarni was the first BLV student to complete this introductory ECE course, she had to
work with the course teaching team, the DSO, and the visual descriptionist to experiment with
alternative learning methods, given that many of the conventional approaches adopted in
electrical engineering education are inaccessible.

Based on the student’s experience, there was no single ideal approach that could make up for the
existing inaccessibility. Therefore, Kulkarni combined multiple methods to overcome as many
inaccessible aspects of the course as possible. For example, she recalled how she used the tactile,
Braille printouts, stating, “[I used them] as a launching point, but I quickly left them behind in
favor of talking through concepts.” In fact, she “found it efficient and helpful to meet and talk
with lab [instructors],” but she also felt that the “combination of talking through concepts and
using hand-drawing was the best.” To elaborate on the hand-drawing approach, Kulkarni and the
teaching assistant experimented with using their index fingers to trace the schematic of a circuit
design on the palm of Kulkarni’s hand during office hours. They found this to be an efficient
alternative when tactile printouts of circuits were unavailable. In reality, that often was the case,
since every week’s course content incorporated tens of schematics of different circuitry. As a
result, producing all of the schematics in a tactile format was very resource- and time-
consuming. Thus, utilizing the hand-drawing approach became the norm. For instance, the hand-
drawing technique was helpful to further Kulkarni’s understanding of the functionalities of a
transistor. Kulkarni explained, “It was harder to understand [transistors] online [via a recording
or call] and was a bit easier in person when the descriptionist just drew it out... It was relational
and helpful to the furthest extent... Though, having someone draw on my hand was hard to
remember later because I couldn’t document that.” Therefore, the mix of tactile cards, talking
through concepts, and hand-drawing created fulfilling experiences for Kulkarni in the moment,
though it was not always feasible to draw upon those learnings for revision later on.

The approaches highlighted above also provide insight into the importance that Kulkarni placed
on the multimodality of information and feedback in her learning process. In particular, Kulkarni
found fulfillment in relying on haptic and audio-based feedback, rather than inaccessible, visual
data. For example, Kulkarni preferred to explore circuit schematics, which are primarily visual,
by tracing tactile drawings on her hand or by relying on Braille printouts. She also appreciated
having access to physical project demos and prototypes at the lab, which the teaching assistants
made available, so she could feel the final, expected shapes. In addition to this haptic modality,
Kulkarni reflected on how she enjoyed working on an audio-centric lab project, “I was excited to
realize that my partner and I would be working on a music related project... [I] liked the project
because it was audio-based. The final product must play music and light up differently based on
the sound frequency.”

Thus, to summarize, the inaccessibility of introductory ECE education required Kulkarni, the
teaching team, the DSO, and the visual descriptionist to innovate and try different approaches to
provide alternative, accessible representations of the course material, feedback, and project
outputs. While some approaches worked better than others, this experimentation process was
time-consuming and did not guarantee successful experiences.



4.1.3 Developing hands-on lab skills

ENGR 40M usually provides many students with their first exposure to ECE lab work. Kulkarni
is one of those students, as she had not been in makerspaces or in ECE labs prior to this course.
In fact, Kulkarni often described the course emphasis on making and lab work with excitement,
especially when reflecting on the earlier, simpler lab projects of the course. She stated, “[1] loved
that [ENGR 40M] gave [me] this area of beyond-software, more hands-on making... Even
starting with the pre-lab [assignment], it was exciting to move away from the abstract.”

Kulkarni was able to try some tools and explore components hands-on, though those
opportunities became scarcer and more complicated as the quarter progressed and the lab
projects incorporated more complexities. For instance, she “was able to feel the digital
multimeter (DMM) and understand how current and voltage could be measured... [She] also
participated in the set-up of the DMM and in sharing ideas, but [she] did not end up using the
DMM on her own in the lab.” In other scenarios, Kulkarni “was able to feel all the different
components of the circuit that [she and her lab partner] were building and even understand in real
time how it was being put together.” However, at the same time, actions such as “screws and
soldering work went over [her] head,” as they were not as accessible to explore. Kulkarni added,
“They offered for me to feel different parts [of the circuit]... | had confidence in finding the right
components for the lab, but it got worse.”

ENGR 40M also capitalizes on repetition and practice to improve students’ comfort with certain
lab skills. In particular, soldering is a skill that students utilize in every single lab throughout the
course due to its importance to the field. Unfortunately, the soldering iron poses real danger if
not held safely at its cold end. The students would need to visually inspect the applied solder to
ensure that it has not overflown, and at the same time, that it sufficiently covered the connection
area. Kulkarni “felt sad and frustrated about missing the useful [soldering] repetition” throughout
the course. She also reflected on the importance of soldering exposure, as a missed opportunity
for her, through her peers’ experiences in a lab that requires students to solder tens of LEDs to
build an LED cube. She stated, “To some, the immense amount of soldering in this lab is one of
the most memorable components of the class, for better or for worse... With the LED array
project, you're soldering repeatedly to learn the skill.” As a result of such exclusion due to the
ableist, primarily visual nature of lab tools, Kulkarni “focused much more heavily on concepts
than labs, [and] it became much harder to solidify specific circuit [concepts] and tools that other
students learned through making.”

Even some components of the lab that Kulkarni thought would be inclusive, such as
programming an Arduino, proved to be inaccessible. She explained, “The introduction of [the]
Arduino further complicated the scene. The setup itself was not accessible, and once | got the
IDE working, there was a one line offset with what JAWS read versus where my cursor was.”
Like many BLV learners, Kulkarni relied on a digital screen reader software, called JAWS, to
convert her PC screen display from text to speech, so she could listen to the displayed
information. However, the Arduino Integrated Development Environment (IDE) was not fully
accessible to JAWS, and therefore, the latter was reading the code in the Arduino IDE with a one
line offset, complicating Kulkarni’s use of the IDE. She ended up dictating her code out loud to
her visual descriptionist or lab partner, so they could type it in the inaccessible IDE. However,
this backfired later in the course. During the final exam, Kulkarni was required to write Arduino



code as an answer to a question, and given her prior approach of dictating the code out loud, she
was not fully familiar with the expected code syntax. Thus, she had to write using a blend of
pseudo code and some Arduino functions that she was familiar with.

As a result, while Kulkarni found some aspects of hands-on work in the lab to be fulfilling and
exciting, there were many accessibility challenges that “redefined [her] entire course experience
into just another theoretical course,” forcing her to lose out on learning outcomes that other
students were able to achieve via visual approaches.

4.1.4 Interactions with stakeholders

There were multiple stakeholders who were invested in improving Kulkarni’s experience with
the inherently inaccessible course. Kulkarni had regular contact and meetings with these
individuals, and they contributed to different aspects of her course experience. Their titles and
roles are briefly described in Table 1, and we elaborate on Kulkarni’s interactions with these
stakeholders throughout this section.

Table 1. The titles and brief role descriptions of multiple stakeholders who were involved in
Kulkarni’s experience in ENGR 40M.

Title Role Description

Blind faculty mentor Kulkarni’s blind instructor in a prior computer science
course. He also serves as a mentor to Kulkarni.
Course professor The lead professor of ENGR 40M. He has extensive

experience leading this course for over a decade and is
invested in making engineering education more practical,
fun, and accessible. He coordinated efforts with the
disability services officer (DSO) and the rest of the
teaching team to incorporate accessibility practices for
Kulkarni’s course experience.

Course and teaching assistant(s) Undergraduate and master’s students who are responsible
for running office hours and leading lab sessions, among
other tasks. They explored accessible learning methods
with Kulkarni.

Disability services officer (DSO) | The accessibility manager at the disability services office
at our academic institution. She created accessible, tactile
diagrams for Kulkarni’s course material and coordinated
efforts with the course professor and teaching team.

Lab partner A fellow student, enrolled in ENGR 40M, who partnered
with Kulkarni during the lab sessions. This course
requires students to work in pairs on lab projects.

Visual descriptionist A student who had previously taken ENGR 40M and who
was hired by the DSO to provide visual description to
Kulkarni of the course content. The student met with
Kulkarni during scheduled meeting hours outside of class
and was present during lab sessions.




The visual descriptionist provided Kulkarni with a description of visual content, such as
hardware components during the lab sessions, slides with images of circuit schematics during
recorded lectures, and figures in homework assignments. The descriptionist also provided visual
feedback on debugging efforts and assisted with drawing schematics that Kulkarni would
verbally describe for homework submissions. The descriptionist attended the lab sessions with
Kulkarni and met with her weekly outside of class. Kulkarni valued the descriptionist’s various
efforts, stating, “I think [my visual descriptionist] played a huge role in this positive experience.
They offered for me to feel different [electronic] parts and were really patient with my
questions.”

Kulkarni also had a great relationship with her lab partner, as students worked in pairs during lab
sessions. She recalled an instance during an advanced lab session where she felt fulfilled by the
collaborative nature of the work, “During the LED display [project] lab, | wrote the entire
code/program while my lab partner soldered the 64 LEDs. This divide-and-conquer experience
was the first moment I felt that I fully contributed to the lab experience... We made this [task
assignment] decision during the lab, as I already had a good working relationship with my lab
partner.” She reflected on her experience with her lab partner several times throughout the
autoethnography process, stating, “I worked closely with my lab partner to write the code, and
she validated that it worked as desired.”

On the teaching side, Kulkarni had regular interactions with the course professor, who was the
faculty lead, and the course instructors or teaching assistants, who were often students leading
lab sections or revision sessions. Kulkarni had two scheduled meetings every week with a course
instructor to clarify and elaborate on any inaccessible concepts and tools. The course professor
and instructors experimented with different methods and approaches to figure out what worked
best for Kulkarni, including hands-on exploration of what the completed project will be,
assembling tactile cards into a circuit schematic, talking through the functionalities of different
circuit components, and tracing circuits on a flat surface. Kulkarni appreciated the guidance and
support that she received from the teaching team, stating, “[The team’s support with making]
made the end goal much more tangible... [The instructor talking through a concept] helped me
“get it” and understand transistors [and other concepts] better.”

On the institutional level, the disability services officer (DSO) worked with the course faculty
shortly before the course on accessing the course material. Since the content relied on several
hundreds of schematics, diagrams, and hands-on lab material, the officer worked with Kulkarni
to decide on the type of materials of which to prioritize developing alternative, accessible
formats.

The officer printed tactile cards of the schematic symbols of the most frequently used electronic
components throughout the course. This allowed Kulkarni to use these modular elements to set
up and explore some small circuit designs and to learn the schematics of associated components.
Kulkarni elaborated on the role of the disability services office, explaining, “The [disability
services office] is awesome... I want to emphasize that they truly helped, especially with the
[tactile] cards and accessible formats of course material... But the [office] resources could only
go too far and wouldn’t have been able to figure out the [systemic] issues.”



Apart from course-centric support, Kulkarni found the support of BLV faculty extremely
valuable. She relied on her learnings from the experiences of a blind instructor, with whom she
worked on adopting accessibility practices for a prior computer science course that she had
taken, and she transferred that knowledge to this introductory ECE course. She shared, “[My
instructor] in the Computer Science department, he’s super good with accessibility... He just
understands so much... I worked with him on making my [prior Computer Science course]
accessible. It was very hard but a really good tooling experience... He was very helpful with
setting up all my terminals and IDEs because he’s a blind person himself.”

To that point, Kulkarni acknowledged the importance of learning from lived BLV community
experiences: “Ultimately, I was sure this [inaccessible hardware programming IDE] barrier had
come up with other BLV people in the field, and I could have spent more time researching
alternative strategies. However, given the approaching midterm and a lot of work for this class
and others, it didn’t seem worth it [to look into it further], especially because we were writing
under ten lines of code.”

This experience shed light on the type of frequent sacrifices that Kulkarni had to make to meet
the pace of the course and the academic quarter in general, in parallel to the need for additional
time to learn from the community experiences, which play a vital role in shaping the accessibility
of fields such as introductory ECE education. Similarly, while working in the lab, Kulkarni made
the decision to step back from hands-on exploration and learning several times. She reflected, “It
became time to start soldering and buckle down on finishing, it was time for efficiency, and |
naturally took a step back.” Discussing another lab, she said, “I knew that any question or time it
would take to feel a setup would slow us down.”

In summary, Kulkarni greatly benefitted from many interactions with a diverse group of
individuals who were invested in her success: the course teaching team, the DSO, the visual
descriptionist, her lab partner, and a blind faculty member. Despite these positive experiences,
Kulkarni still faced challenges, including time constraints and feeling like she had to carry the
burden of looking for alternative, accessible approaches and methods at times.

4.1.5 Exploring and simplifying complex systems

As ENGR 40M progresses, students build enough foundational knowledge to be able to identify
different electronic components, recognize their functionality, then analyze them as part of a
larger circuit. Similarly, they should be able to tell what the overall objective of a circuit is and
break it down into sub-circuits and components.

This experience, however, was not as easy for Kulkarni as it was for sighted students. She
reflected on her ability to succeed at understanding circuit functionality, “Once [I] understood
the pieces being talked about, it was easier for [me] to put everything together.” However, she
also shared, “Without understanding [some] concepts, | couldn’t go through the process of
putting all pieces together or synthesizing... In general, I could understand the individual
components, and even subsets of the full circuit, but I struggled to remember how they all
worked together. Recall was a big challenge after this lab was over, even if | talked it through
enough [with an instructor] to make sense at the time.” Some projects and circuit schematics
included tens of components with different parallel and series wiring configurations. While such



schematics can be explored and decomposed visually, retaining a mental map of those
connections was hard for Kulkarni. Moreover, setting up a tactile design of these circuits was
often resource-constrained by the limited number of tactile cards available and by the lack of
accessible labeling of nodes and terminals.

Therefore, while Kulkarni was able to understand and explain sub-circuits as well as complete
circuits during class and recall their details during the autoethnography process, the
decomposition and synthesis processes of circuits was not as accessible as it was for sighted
learners. Kulkarni stated, “Breaking down the project from one, big, assembled project to smaller
subparts is not a luxury for a blind person.”

5 Discussion

5.1 A comparative analysis of the BLV and sighted learning experiences

The Findings section revealed five main CARE areas that provided Kulkarni with fulfilling
experiences but also incorporated challenges simultaneously. It is obvious from the CARE areas
of Kulkarni that most challenges she faced were rooted in accessibility issues and were the direct
results of the ableism of introductory ECE education, in line with the definition of ableism that
we previously provided in Section 1.1.

In fact, three of Kulkarni’s CARE areas overlap with those identified in the experiences of 42
sighted students who completed ENGR 40M in [53]. The overlapping and different CARE areas
among the experiences of Kulkarni as a BLV student and those of sighted students are
represented in Table 2.

Table 2. Distinct and overlapping CARE areas among the experiences of Kulkarni as a BLV
learner in this work and sighted students in [53].

CARE Areas

Overlapping

BLV Student Experiences of BLV Sighted Student
Experiences Only and Sighted Experiences Only
Students

Experimental Understanding,
learning methods to analysis, and design | Debugging
improve accessibility | of circuits

Developing hands-on
lab skills Working
independently with
room for innovation

Interactions with
stakeholders Exploring and
simplifying complex
systems




It is important to highlight the difference in the BLV and sighted students’ experiences under
each of these CARE areas. In relation to the CARE area “Understanding, analysis, and design of
circuits,” Kulkarni and multiple sighted students found the fundamental laws of transistors
slightly confusing to grasp before fully understanding them as they were utilized in more practice
problems throughout the course. However, most of the challenges that Kulkarni faced with
exploring and analyzing electronic component behavior were traced back to the inaccessibility of
the schematics of those components. Sighted students did not face those issues.

As for the CARE area “Developing hands-on lab skills,” the sighted students found soldering to
be extremely difficult earlier in the course, but their perception of soldering transformed into a
positive, rewarding experience a few labs later when they had to solder tens of LEDs. In contrast,
Kulkarni did not get the chance to practice soldering and improve her skills to achieve fulfilling
results. Instead, she considered the ability to merely participate in some hands-on lab activities a
rewarding experience in itself.

Finally, while the title of the CARE area “Exploring and simplifying complex systems” seems
identical on a high level, it pertains to different perceptions of synthesis and composition.
Students in ENGR 40M were required to synthesize circuits using individual components and
break down larger circuits into smaller sub-circuits. The students sometimes found such
problems challenging because they had to figure out the intermediate steps on their own. Yet,
they found it rewarding to be able to progress from the beginning point to arrive to a final,
correct result. Kulkarni also struggled with these problems where she was required to break
down a circuit into sub-circuits or utilize different components to build a circuit. However, her
struggle stemmed from a different reason than that of sighted students, since she faced
difficulties in retaining memory of the detailed connections and configurations of the many
electronic circuit components that she chose to build a circuit. The mental map of a circuit of
tens of components was challenging to preserve and retain.

Furthermore, an interesting comparison arises based on the “Debugging” CARE area of sighted
students, which appeared in Kulkarni’s data solely under “Challenging” experiences and not as a
CARE area where “Challenging” and “Rewarding” experiences overlapped. In analyzing the
data pertaining to the Debugging code further, it is evident that Kulkarni never got the chance to
successfully complete the hardware debugging process to feel a sense of reward. The debugging
process in ENGR 40M was inaccessible to Kulkarni, as it often relied on the use of hardware
tools in the lab or on visual feedback. This prevented Kulkarni from debugging over iterations to
resolve any bugs in the design. For instance, when she attempted to debug her code (which was
supposed to light up a physical board with certain lights and colors), she had to wait for office
hours with teaching assistants or for her meeting with her visual descriptionist to receive a verbal
description of the results they saw on the physical board. This was a very time-consuming
process and deprived Kulkarni from gaining an independent sense of achievement.

5.2 The impact of ableism in ECE on the BLV student’s contextualized awareness of
identity and emotions

When taking a closer look at the qualitative codes that represent data focused on emotions,
Kulkarni has a larger and more diverse mix of codes representing emotions in comparison to



those of the sighted students. Moreover, Kulkarni’s emotion-centric codes are often rooted in her
experiences with inaccessibility of the introductory ECE course.

The categorization structures that were adopted in the Data Analysis section included affective
code areas, representing the human dimension and emotions as informed by Bloom’s and Fink’s
taxonomies, and generated from Kulkarni’s autoethnographic data. In the structure focused on
rewarding experiences, three codes represented emotions (excited, empowered, confident). On
the other hand, in the structure focused on challenging experiences, nine codes represented
emotions; these codes included feeling isolated, losing confidence, and feeling bored, confused,
frustrated, intimidated, and unsatisfied. It is also apparent that some codes in the two structures
are opposite pairs; for instance, consider the pairs (confident, losing confidence) and
(empowered, intimidated). These pairs reflect the mixed emotions that Kulkarni often came
across during the course. Moreover, the larger number of emotion-centric codes pertaining to
challenging experiences (nine) in comparison to those related to rewarding experiences (three)
further emphasizes the effect of inaccessibility on Kulkarni.

Therefore, Kulkarni’s autoethnography brought light to reflections on her identity as a blind
engineer. For many students, this course is exciting because it moves away from traditional,
textbook-styled learning into the space of hands-on exploration. Kulkarni was not immune to
such excitement. Despite the extra accessibility considerations that her course experience
required, Kulkarni expressed that this course challenged her to think in new ways and utilize her
skill sets as a primarily tactile and spatial learner. She engaged heavily in understanding the
concepts backing inaccessible visuals. As such, she was confident in her ability to discuss ECE
concepts during lab sessions.

This positive energy was counteracted, however, by the exclusion that resulted from facing
different realities about the feasibility of the course. One experience that Kulkarni identified as
significantly isolating was when sighted peers were developing and practicing their hands-on
skills, such as soldering and mechanical assembly. Kulkarni reflected on one such moment, “I sat
beside my visual descriptionist who worked with my lab partner to get the box assembled. They
voice-overed what they were doing, but I think this was the beginning of lab work not translating
as directly with conceptual pre-lab work.”

This reflection shows how inaccessibility can impose an acceptance of a power imbalance and a
heightened awareness of one’s disability. Kulkarni felt like she yielded to her sighted
counterparts because she could not synthesize or participate in the same way. Furthermore,
Kulkarni repeatedly used the term “sacrifice” in her journal entries, in reference to the
experiences that she gave up to find measured success in the course, while not “hindering” other
students’ learning. This revealed an emotional loss of experiences that she felt she had to accept.
Kulkarni also shared that she did not feel emotional about some of these challenges in the
moment, and it was only when returning to these experiences retrospectively with a research lens
that she started to question if it really had to be that way.



5.3 Recommendations to improve institutional and pedagogical support for BLV learners
in ECE education

Based on the findings from this work, we propose a list of recommendations that could improve
the experiences of BLV students in introductory ECE education. As these recommendations are
sourced directly from Kulkarni’s experiences, they are non-exhaustive. Therefore, the larger
research community is invited to expand this list of recommendations, especially as more BLV
experiences are given voice and amplified in future documentation efforts.

5.3.1 Recommendations to improve pedagogical support for BLV learners

Below, we provide recommendations that are tailored to BLV learning experiences in ECE
educational contexts. These were extracted directly from the identified CARE areas in the
Findings section and from qualitative codes that were categorized as pedagogy-centric in the
CARE categorization structures (whether challenging or rewarding).

Accessible resources:

e As many introductory ECE courses rely on visual PowerPoint presentations to
communicate ideas, educators must create accessible versions of those slides. That can be
done by incorporating alternative presentation formats, such as adding and unifying
alt-text to describe images or describing verbally the content of slides. For example, the
educator can say, “On the screen, we can see a voltage source connected in series with a
100-Ohm resistor.” Flipped classrooms, where instructors upload recordings of their
presentations online, can be very helpful for BLV learners so they can pause the
recording and explore their tactile resources simultaneously.

e Educators must pinpoint universal labels for all learners. For example, educators can
guide learners to physical, tactile dividers on breadboards that can help the learner orient
their way using a breadboard non-visually.

Learning experience support:

e Educators must hold BLV learners to the same standards and must plan for them to
achieve the expected learning outcomes of the coursework. Therefore, educators need to
explore accessible learning experiences, such as nonvisual soldering, and offer such
opportunities to the students rather than eliminating such experiences because they are
deemed inaccessible [29].

e Educators can dedicate short meeting times throughout the week to provide visual
feedback on visual debugging efforts of BLV students (if nonvisual feedback is
completely not possible). This could be done virtually or in person, with the intent of
shortening the time needed to complete an iteration of the debugging process by the BLV
learner.

e In designing collaborative learning experiences, it is important to factor in
interdependence [65]. This notion maintains the collaborative role of all stakeholders
involved in the success of the BLV student’s learning process, excluding the need for
complete dependence or complete independence to achieve the course objectives. For
example, a lab project with a sonified output allows the BLV learner to collaborate with
their lab partner in debugging their project outputs, providing the opportunity for the



BLV learner to use their auditory skills to influence the project design and the team/pair
effort [66][67].

Accessible assessment:

e For assessment purposes, educators can emphasize planned assessment metrics that are
taken for granted in the experience of sighted students. For example, a BLV student who
often dictates code due to the inaccessibility of the coding platform will not practice code
syntax regularly, and this will negatively impact their performance on the final exam
when they are required to write their code as text input in the exam file.

5.3.2 Recommendations to improve institutional support for BLV learners

There are many individuals, offices, and programs at the institutional level that can create a more
inclusive experience for BLV learners in ECE education, especially via partnerships among
those entities. Some of the practices they can adopt are listed below.

University/College level:

e Academic institutions should invest in creating sustainable, BLV-accessible ECE
resources with usage guides to facilitate the experience of future BLV learners and
encourage them to pursue these now-accessible ECE courses.

e Disability-support programs and initiatives can connect BLV students with BLV mentors,
especially faculty or staff who have the ECE knowledge required to successfully navigate
the course under study. This can facilitate the exchange of BLV lived experiences.

Inter-program partnerships/alliances:

e The ECE teaching team should share course materials with the disability services officers
(DSOs) in advance of the course start date, to provide the DSOs with enough time to
adapt the course material into accessible formats.

e The DSOs should share pointers on good practices with the ECE teaching team, in case
the teaching team members had not taught BLV students beforehand. Such pointers can
include insight on utilizing tactile resources during office hours to answer the BLV
student’s questions.

e The DSOs and the teaching team should provide every session’s material to the BLV
student in advance. This way, the student has enough time to familiarize themselves
with the resources, instead of exploring them for the first time during lectures or labs.

e Lab managers should collaborate with the DSOs to test educational tools before their
adoption in coursework. For example, given that the Arduino IDE is not fully accessible
using a digital screen reader, alternative development environments that are screen
reader-friendly, such as Microsoft Visual Studio Code, can be recommended. This is an
important approach to lift the burden of validating accessibility considerations off of the
BLV student, given that sighted students do not carry this responsibility in the first place.

While such recommendations can help provide improved support for BLV learners, there are
systemic barriers in ECE education that would need a more comprehensive transformation of the
educational system as a whole. Moreover, there are many different or complementary approaches
to facilitate more accessible ECE experiences. For example, we recently proposed a list of design
considerations in [34] for more BLV-inclusive engineering education tools, and they are



summarized in Table A.1 in Appendix A. These design principles can apply to designing more
BLV-accessible ECE curricula and resources. Furthermore, educational frameworks such as
Universal Design for Learning (UDL) and SCAFFOLD promote inclusive teaching practices for
students with a range of abilities and disabilities [68], [69]. While they are not ECE-centric or
BLV-centric, many of their recommendations can be utilized to improve the accessibility of ECE
education to BLV learners, and we adapted some of their principles in the recommendations that
we provided, grounded in Kulkarni’s experiences.

5.4 Expanding the CARE methodology to analyze inequitable challenges faced by learners
with disabilities

We believe that this work illustrates how the CARE methodology can be utilized to document
and explore the inequitable challenges faced by students with disabilities due to the inherent
ableism of ECE education. The CARE methodology prioritizes the categorization of challenging
and rewarding experiences, and it helps educators identify and assess unproductive challenges,
which need to be mitigated, and healthy challenges, which contribute to the students’ effective
learning. In addition, this work was able to identify a third area of inequitable challenges that
Kulkarni in particular faced due to the inaccessibility of the course material and resources; these
were challenges that sighted students did not have to grapple with. This category of challenges is
crucial to address by educators in their curricular design. As highlighted in Section 5.2, such
experiences can worsen the student’s learning experience through mixed emotions about their
ability to succeed.

Consequently, using CARE to assess the experiences of students with disabilities can inform
educators of inequitable challenges, in particular, that arise from the CARE assessment and from
the students’ perspectives, given that the CARE methodology centers student insights in the
adopted data collection and analysis methods. This can inform curricular design alternatives that
are inclusive of everyone and that can address and improve students’ experiences directly.
Moreover, we believe that the CARE methodology can help unveil the ableism of many
engineering education fields, and not just ECE education.

5.5 Limitations and future work

The work presented in this paper is necessary to set the groundwork for a more inclusive
transformation of introductory ECE education. That said, there are multiple areas of this work
that can be improved.

First, this paper emphasizes the need for additional, expanded documentation of BLV
experiences in ECE education, and this work does not attempt to generalize Kulkarni’s
experiences but rather considers them a launching point for the research community. However, it
IS important to note that a more balanced comparative analysis of BLV and sighted experiences
in ECE education calls for including more BLV perspectives, rather than the approach we
adopted which compared one BLV experience to 42 sighted experiences. Given the
inaccessibility of ECE education, it is understandable that we were not able to invite an equal
number of BLV students to participate, but we hope future studies take that into consideration.



Moreover, the research in [53] was conducted during the Summer 2022 academic quarter.
Kulkarni had completed ENGR 40M in Spring 2022, before the plan for this work was proposed
and implemented. While there are no significant curricular differences between the experiences
over those two academic quarters, we are planning on studying the experiences of BLV and
sighted students in the same environment in future work.

In addition, this work adopted post-facto journaling in the retrospective autoethnography
process. This means that Kulkarni may have forgotten some experiences in the course and may
have had memory lapses post-course completion. However, integrating autoethnography during
the course could have had unintended consequences on Kulkarni’s experience as a direct
intervention, and it could have increased her awareness of certain experiences or influenced her
behavior. Both approaches have advantages and disadvantages, and researchers adopting these
methods should keep such consequences in mind.

Finally, the recommendations offered in this work were derived from the direct experiences of
Kulkarni and the relevant CARE findings. However, these recommendations should be evaluated
as interventions to provide evidence for their efficacy. We are planning on integrating these
recommendations in a future study involving many BLV learners in an introductory ECE
context.

6 Conclusion

In this work, we expanded our efforts focusing on the much-needed rigorous exploration and
documentation of the experiences of students who are blind or have low-vision (BLV) in
electrical and computer engineering (ECE) education. We collected autoethnographic data from
the experiences of the first blind student to have completed the introductory ECE course, ENGR
40M, at Stanford University. We then utilized the CARE methodology to analyze the collected
data, revealing five main experience areas that the student found simultaneously challenging and
rewarding: 1) Understanding, analysis, and design of circuits, 2) Experimental learning methods
for improved accessibility, 3) Developing hands-on lab skills, 4) Interactions with stakeholders,
and 5) Exploring and simplifying complex systems. Based on the CARE area findings and the
generated qualitative codes during data analysis, we provided a list of preliminary
recommendations to improve pedagogical and institutional support for BLV learners in ECE
education. While the CARE methodology was originally focused on uncovering healthy
challenges, unproductive struggle, and rewarding experiences, we also demonstrated how the
CARE assessment methodology can be expanded to identify inequitable challenges that students
with disabilities face primarily due to the ableism of ECE education and engineering education
fields more generally. We cross-compared the BLV student’s experiences with those of sighted
students who completed the same course to provide deeper insight on the discrepancy among the
BLV and sighted experiences. Finally, we are planning on conducting more extensive studies to
present affordances, including new frameworks and educational tools, that can improve the
accessibility of ECE education to BLV learners. To achieve that, we strongly encourage the
wider research community to join our efforts and ensure a more inclusive and welcoming
engineering education environment to learners with disabilities.
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Table A.1. Ten design considerations (presented in no particular order) to improve the
accessibility of education technology for ECE educational contexts [34].

Design Consideration

Multimodality

Agency and room for support

Fail-safe

Complex circuits exploration

The Tool Must...

Provide multimodal and/or tangible representations of
information, such as sonifying real-time graphical outputs
for debugging or providing tactile circuit schematics

Give the learner agency but allow them to ask for help as
needed. It could allow the learner to debug their circuitry
without the need for another person's description of
outputs.

Be fail-safe, allowing the learner to successfully recover
from software or hardware errors, such as allowing the user
to detect and replace a broken component.

Support complex, larger circuits by potentially integrating
simpler representations for sub-circuits, to alleviate the
mental load of remembering components within each sub-
circuit.

Knowledge retention

Support the retention of the learner's mental model and
knowledge of a circuit schematic. This enables the student
to set up a circuit again for revision later.

Transferable learnings

Accessible labels

Adopt transferable learnings from similar fields.
Adopting the structural hierarchy of Python programming,
a systematic circuit notation strategy can use indentation to
distinguish electronic components connected in different
configurations.

Include accessible labels for all components, such as
Braille labels for every terminal of an electronic
component symbol on a tactile card and a card orientation
marker.

Learning curve

Not be time-consuming to learn to use, in comparison to
the adopted tools in class, because ECE education covers
tens of tools that could significantly burden the learner.

Modularity

Be modular to allow the learner to alter and modify its set-
up, such as changing connections and adding or removing
components.

BLV lived experiences

The design process must be strongly grounded in the lived
experiences of the BLV community. If such insights are
not readily available, they must be sought, as we did.
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