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Visual Voices in Computing: Exploring Photovoice in Computer Science
Education for Underrepresented Groups

Abstract

Photovoice, a participatory action research method, aims to enable participants to document and
reflect on their group’s strengths and concerns, fosters critical dialogue and knowledge-sharing
through the images captured, and reach changemakers. While widely utilized in the fields of
medicine, social sciences, and education, its application in engineering education is relatively new
and underexplored within the domain of computer science education. This position paper aims to
present a comprehensive account of a pilot study that introduces photovoice to computer science
students, showcasing the method’s merits and contributions.

The study investigates the strengths of photovoice in comprehending the perspectives of
underrepresented groups in computing guided by emancipatory research in which participation is
elicited not just from a sample population. Rather, it is used as an analytical perspective because
participants actively engage in co-constructing knowledge with researchers. Over a two-week
period, six participants representing minoritized backgrounds based on race, gender, or sexuality,
enrolled full-time in a U.S.-based computer science program and engaged in photovoice as part of
a Research Experience for Undergraduates (REU). The objective was to capture their experiences
and challenges during their initial REU participation. Participants were guided by the following
prompts:

* What are your experiences and some of the challenges you may face participating in an
REU?

* How has your participation in this program changed your view on computer
science/computing?

* How has your participation in this program affected your life?

This paper will outline the implementation of photovoice with this group of participants, detailing
how research facilitators adapted and executed the method’s steps, the obstacles confronted
during the process, and the inherent value derived from the study’s outcomes. Themes that
emerged and were defined from discussion exercises with participants are the following: ’lost and
found,” signifying moments of uncertainty and discovery; ’lack of community,” highlighting
feelings of isolation; "not surface level,” underscoring the depth and complexity of the issues
discussed; and ’community,” reflecting participants’ desire for, or efforts toward, building a sense
of belonging within the research program. These themes serve as integral components of our



investigation into the impact of photovoice on understanding the perspectives of underrepresented
groups in computing.
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1 Introduction

This paper extends the application of photovoice to the field of computer science, specifically
examining the experiences of participants in a Research Experience for Undergraduates (REU)
program at a U.S.-based university. The study follows six participants enrolled full-time in a
computer science program, gathering for a two-week on-site REU in the Midwest. The
participants, comprising three women, two men, and one non-binary individual, represent diverse
educational levels and ethnic backgrounds. As the group engages in photovoice, this paper
explores their experiences, providing a unique lens into the challenges within the realm of
computer science education.

Photovoice, a method of participatory action research, empowers participants to document and
reflect on their community’s strengths and concerns through imagery, fostering critical dialogue
and knowledge-sharing [1]. While popularly utilized in medicine, social sciences, and education,
its application in engineering education [2—5] and computer science education [6—8] is relatively
new and underexplored. This position paper aims to bridge this gap by presenting a
comprehensive account of a pilot study that introduces photovoice to computer science students,
showcasing the method’s merits and contributions. It will outline implementation and adaptation
of the method’s steps, obstacles faced during its duration, the value derived from the emergent
themes from visual artifacts developed from participants, and the holistic value derived from
active participation throughout the process. This paper aims to explore how the deeper insights
gained from photovoice can enhance various aspects of computer science programs, departments,
organizations with focused intentionality, thereby contributing to the retention and expansion of
participation among underrepresented minority populations within the discipline at large. NSF [9]
defines underrepresented minorities as “races or ethnicities whose representation in STEM
employment and S&E education is smaller than their representation in the U.S. population. This
includes Blacks or African Americans, Hispanics or Latinos, and American Indians or Alaska
Natives.”

2 Literature Review

One common means of using photographs for research, photovoice, is a method of participatory
research in which study participants are also researchers - there exists co-construction of
knowledge between official researchers and participants. The concept of photovoice as a tool for
participatory research was first introduced by Wang and Burris in 1997, before photo and video
sharing social media platforms were developed. The three main goals of photovoice as described
by Wang and Burris (1997) are as follows:

1. “to enable people to record and reflect their community’s strengths and concerns,

2. to promote critical dialogue and knowledge about important community issues through
large and small group discussion of photographs, and



3. to reach policymakers.” (p.397) [1]

Wang and Burr (1997) have highlighted several benefits to implementing photovoice as a research
method. Some of these benefits include being able to identify and assess the needs and strengths
of participants in a community; sustain participation of the vulnerable, in the context of our study
minoritized, populations in a community; amplify the voices of participants to reach other
community members and push for change [1]. The possibility of such positive outcomes has been
investigated in relation to women [10-12], disadvantaged groups [13, 14], and largely within the
professional medicine community [15-17]. Yang has used photovoice, along with portrait
photography and photojournalism, to study whether participatory photography can help
socio-economically disadvantaged adults develop agency towards pursuing higher education [14].
Budig at al. have used photovoice to bring together residents of a low-income community in
Spain, public health practitioners from the area, and university-based researchers to understand
residents’ perceptions of the local food environment existing in the community and communicate
the needs of the community to local policymakers [13]. In previous studies, researchers have
hosted discussion groups in which participants came together to review the photographs, get to
know each other, and in turn begin to build some form of community [13, 14, 18,19]. Such
community-building and strengthening efforts in computer science education that may also
benefit from implementation of the photovoice method include classrooms, hackathons, student
organizations, etc.

A number of studies within engineering education adopted/modified elements of photovoice such
as opting for individual interviews with participants in place of group discussions, or choosing to
implement thematic coding as a process removed from the participants, etc. [3,4,20-26]. Most
recently photovoice has been seen in engineering education through a study conducted by Parnell
Jr, et. al (2023) in a paper titled “Engineering While Black: Exploring the Experiences of Black
University of Florida Undergraduate Engineering Students Using Photovoice.” Researchers
explored how the “racial climate in the United States was impacting the experiences of Black
undergraduate engineering students’ (p.2) at a Predominantly White Institution (PWI) campus.
They found six themes emerging from their participants’ experiences: finding comfort, building
community, fitting in, experiencing frustration, overcoming imposter syndrome, and valuing
mentorship [2].

No studies were identified within the United States where all goals of photovoice (listed above)
were implemented. One study, conducted in Scotland, was found in which researchers were using
photovoice to study the transition journey of transfer students transitioning from 2-year college
degrees to the School of Computing at a university [7]. Perez has proposed that the community
should consider conducting a study that uses photovoice to understand the experiences of youth
and their families in integrating computing into their learning schedule [8]. The limited exposure
of photovoice in the field of computer science is noteworthy as it underscores the potential value
of detailed studies like these in informing others seeking to introduce diverse qualitative
approaches into traditionally quantitative environments.

This paper has loosely adhered to the tenets of emancipatory research,a multifaceted concept
encompassing various critical theories. Some of its aims, as delineated by El-Amin and
Brion-Meisels in their editorial piece "Emancipatory inquiry in educational research: models and
methods for transformational learning,” [27] have been considered. The first objective involves



redefining who is the researcher and who is researched” (p.1). This paper addresses this objective
by seeking to involve participants beyond merely serving as subjects of study, rather co-creators
of knowledge. Participants have been asked to work alongside researchers to develop meaning
from the images they have taken through their engagement as subjects of the study. Their
involvement has also helped address the second objective of shifting whose forms of knowledge
are valued and centralized” (p.1). This paper places the outcomes of how participants describe
their experiences at the forefront, rather than the researchers individual interpretations. The third
objective is “being attentive and responsive to social power, privilege, and intersectional
oppression” (p.1). The participants in this study comprise a distinctive cohort, each identifying
with at least one minoritized group within the field of CS, with some aligning with multiple
minoritized identities, placing them at various intersections (see Table 1).

3 Context

This study follows the experiences of six participants enrolled full-time in a U.S.-based computer
science program, who gathered at a PWI in the Midwest to engage in a REU. The program lasted
for two-weeks and was on-site, allowing students to interact daily for the duration. Each student
was flown into the Midwest, assisted with moving into dormitories, and provided funds for meals
on campus. The REU experience starkly contrasted with their regular campus experiences; most
attendees hailed from universities with predominantly commuter student populations and were
transitioning to dormitory living. Among the participants, four were enrolled in a
minority-serving institution (MSI) and two in a historically Black college or university (HBCU),
now finding themselves at a large PWI.

Table 1 outlines each participant’s education level, gender, racial, and ethnic background as
provided by them. Three participants identified as women, two men, and one non-binary. Three
participants were in their senior year of undergrad, one junior, and two freshmen. In terms of
race/ethnicity, one participant identified as Black, one as Black/Hispanic, three as
White/Hispanic, and one identified as Latina.

Year Gender Race/Ethnicity
Senior Non-binary | White/Hispanic
Senior Woman Latina

Freshman | Man Black

Junior Woman White/Hispanic
Freshman | Man Black/Hispanic
Senior Woman White/Hispanic

Table 1: Participants’ education level, gender, racial, and ethnic background

4 Positionality Statement

The primary author of this paper is a PhD candidate of South Asian Canadian/American
background, raised in an immigrant family. Having obtained her computer science degree from a
minority-serving institution, she shares a commonality with numerous participants in this study.



The author recognizes that her personal background and shared experiences with the participants
contribute to a nuanced understanding of the findings. Additionally, she meets participants at
multiple crossroads of similarity including gender, academic interests, and experiences as a
first-generation immigrant. These crossroads of similarity have influenced the design of the study
as she aims to advocate to hear the voices of minoritized groups in the Western world. Therefore,
she has chosen a participatory action research method, recognizing its potential to empower
participants and amplify their voices within the research process. She takes her personal
experiences in these realms into consideration while also drawing her own interpretations of
photographs and captions, and themes holistically.

5 Method - Phased approach

Photovoice is a method known for its adaptability and flexibility, offering a structured framework
for implementation. Numerous guides are available to assist facilitators in dissecting this
multifaceted approach into manageable steps [28—30]. In order to incorporate the photovoice
activity into the REU we adopted approaches found in such guides and tailored them to
complement the struture of the REU. For example timelines were modified to match duration of
the REU, and ice breakers used in the REU were replaced any ice breakers mentioned in the
guides. Participants were asked to take photos on their phones instead of being provided with
disposable cameras as some guides suggested. In order to make discussions more interactive
photos were printed and grouped into categories on a large table.

Prior to the initial session, students were given the opportunity to acquaint themselves by
engaging in an icebreaker activity on the first day of the REU. During this introductory session,
students were asked to create a life map and present it to the group, with graduate mentors also
actively participating in this engaging activity. The life map activity is one in which participants
are asked to create a visual representation outlining the major milestones in their lives to share
with the group.

5.1 Phasel

The first official session served as an introduction to the concept of photovoice. Students were
provided with comprehensive instructions outlining the structure of the activity to unfold over a
two-week period. Their initial task involved the submission of five photos (each having its own
unique title, and a caption no longer than a few sentences) within two days, each relevant to the
provided prompt. Sample submissions were provided, and a step-by-step guide to the activity was
presented. For precise details, refer to Appendix 1, which contains the exact written instructions
provided to the students. The following prompt was presented to participants: “Spend time this
week capturing at least five photos that you feel best capture your experiences and some of the
challenges you may face participating in an REU for the first time”. The following guiding
questions were also given to help them:

1. What are your experiences and some of the challenges you may face participating in an
REU?

2. How has your participation in this program changed your view on computer



science/computing?

3. How has your participation in this program affected your life?

5.2 Phase2

The subsequent session was dedicated to individual presentations, where each student showcased
their captured images. These photographs delved into the students’ experiences adapting to the
new campus environment, including aspects such as local cuisine and extracurricular activities
outside of REU commitments. While the initial photos were insightful for REU stakeholders
organizing the event, they were not in alignment with the initial purpose and prompts provided to
participants. To address this, we (the researchers) pivoted the current working sessions to revisit
instructions, and highlight examples that qualified for the study in the group setting. Participants
were instructed to return later in the day with new or adjusted photos, titles, and descriptions that
better conformed to the overarching theme of the photovoice activity. They were subsequently
asked to present each photo to the group using the "SHOWeD” method [31]. This method
comprises a set of questions designed as a guide for describing the photos. The questions are as
follows:

1. What do you See?

2. What is really Happening?

3. How does it relate to Our lives?

4. Why does this situation, concern, or strength exist?
5

. What can we Do about it?

5.3 Phase3

In the third session, after having time to alter their submissions, students convened around a table,
each photo printed on a separate piece of paper alongside its title and caption (e.g., see Firgure 1).
The group collectively spent time organizing the photos into common themes (see Findings).
Students took on the dual responsibility of not only grouping the photos but also determining how
to categorize and define each theme through an iterative process of discussing photos one by one
and determining which they found related to one another. An inductive approach was employed
for coding the photographs - it involves interpreting data and identifying emerging themes [32]
participants considered which words would arise repeatedly to develop emerging theme names
from the grouped photos, rather than trying to fit the photos into predetermined categories.

5.4 Phase4

At the end, one participant assumed the responsibility of collaborating with fellow students to
present their exhibition of photos to the facilitators of the REU. Each participant ultimately
selected two images as their final submission. These selected images were compiled and
showcased on a dedicated website.



6 Findings

This section of the paper will focus on presenting descriptions of what each theme represented
along with a selection of photos from each theme. Due to the nature of this paper arguing for the
the use of the method, we will not be providing an in-depth recounting of the analytical approach.
Participants collaborated to organize photos into four major emerging themes- “lost and found”,
“lack of community”, “not surface level”, and “community”. They worked through many
iterations of groupings as they discussed their diverse interpretations of them. Discussions around
specific photographs along with the photographer allowed others to gain a deeper understanding

of one’s experiences.

Additionally, it’s worth noting that the photos and captions are presented with the correcspnding
figure and reflect participants’ experiences within the REU program and in their pursuit of a
computer science degree. These themes provide a deeper understanding of how these experiences
can represent their encounters in computing at large.

6.1 Lost and Found

Figure 1 is an example of the theme “Lost and Found”, which captures participants’ sentiments of
feeling lost, particularly when attempting new tasks, and the subsequent discovery of resources to
alleviate such sentiment. Participants expressed how they overcame and were transformed
through persistence to moments of triumph when treading uncharted territory. They described
how they were able to move through their often initial feelings of disorientation. Participant’s
relationships between experiencing newness of environment and tasks in the REU to their
experiences of solving programming problems, successful debugging, and other computing

tasks.

Figure 1: Eventually

This image reflects how this building is a maze and how my computer science career is full of
unexpected turns. Some of the turns will not always get me the results that I want, but they lead
me to my final destination. This REU is one of the many turns in my computer science career. It
has positively pushed me to consider what aspect of computer science I want to focus on when I
pursue my PhD.



6.2 Lack of Community

A profound sentiment echoed in the study was the struggle associated with the quest of finding
community and belongingness. The theme encompasses the desire to explore new opportunities
while grappling with a sense of not belonging to the dominant population. It delves into the
complex process of learning to assert oneself in a space where the absence of a supportive
community intensifies the challenges, and navigating the establishment of community for oneself
to satisfy their need for belonging in the academic realm. This theme is presented in figure 2 and
figure 3.

Figure 2: Corners

Throughout the first two days of the REU, my friend and I found ourselves drawn to the comfort of
corners in this unfamiliar environment. We have slowly grown more comfortable taking up space
and have moved away from corners. This is applicable to my participation in computer science; |
started knowing no one and nothing, keeping to myself and staying out of the way. As I continue
to grow within this field, I am expanding my network and taking up more space.

Figure 3: Brother

Not my first time being in a male-dominated “field”. I was unbothered in the gym full of men.
Which is kind of in a way how I’ve come to be/ feel in the computing world. As the REU continued,
I was reminded of how different my life was at this moment compared to my life before. I have
learned a lot, and essentially changed my outlook career-wise and life-wise.

6.3 Not Surface Level

The theme “Not Surface Level” highlights participants’ journeys in pushing beyond their initial
reservations when tackling challenges. Participants in the study shared their experiences of



breaking down complex issues into manageable components, highlighting the importance of
delving beneath the surface to gain a deeper understanding of computing concepts and gain more
insight into the subject matter. Figure 4 is an image that was highlighted during discussions with
participants and categorized within this theme.

Figure 4: The Stacks

When coming to [REU location], I was hoping to run into a friend I made while abroad. She is
still abroad, so she shared about her favorite place on campus. This is “the stacks”. It holds tons
of information within all its books; it might be overwhelming when looking at it all from afar. But
if you look at a single book, it feels a lot more manageable. It’s similar to looking at the field of
computing: if we look at ‘computer science’ as a whole, it is overwhelming how broad the field is.
But once you narrow it down, it is a lot less intimidating.

6.4 Community

The study emphasized the significance of community in various aspects of an individual’s lives.
Beyond the academic spheres, finding a supportive community was of great importance for
participants. This theme encompassed creating a space for open conversations about life and
challenges outside the realm of computer science. It also highlighted the value of programs
connecting individuals, fostering collaborative problem-solving, and providing the support
needed to navigate unfamiliar experiences, both personally and professionally. Figure 5 and
figure 6 encapsulate the essence of this theme.

=2 0|

Figure 5: [Engineering] lab I and IT

These two pictures talk about my experience in the [Engineering] building. The one on the left
relates to how I feel every time I enter the building: kind of lost and confused whereas the one on
the right tries to stress the importance of safe spaces for students. This duality can easily translate
to my experience majoring in Computer Science.



Figure 6: Roses are red, Violets are blue. I’m trying to figure out whatever this is, how about
you?

Some research topics can be confusing, but this program helped me understand how to conduct
research and read scholarly data. When you feel lost, it is always good to find a team member to
help you understand. Just like my peers helped me understand this photo.

7 Discussion

In this discussion section, we delve into the approach and findings of the study as a means to
represent how photovoice has the means to confirm and enhance our understanding of the
experience of underrepresented minorities in computing. In her paper, ”*Learning from small
numbers” of underrepresented students’ stories: Discussing a method to learn about institutional
structure through narrative,” Alice Pawley argues that “’rich personal narratives that demonstrate
the complexity of underrepresented students’ lives from a small number of participants will be
more effective in prompting engineering education leaders to think of new ways to address
institutional issues that affect underrepresented students’ academic success” (p.10). [33] Although
the scope of this study has been limited by a small participant pool and short duration, its
qualitative nature offers valuable insight into CS students’ experiences by utilizing visual
mediums and fostering rich critical dialogue. Participants have seized the opportunity to convey
their emotions, and stories through visuals, recognizing the impact of this mode of

expression.

The study presented in this paper is one of a unique population in which a small number of
participants were able to gather for a short duration of time in one physical location. While this
experience did not take place during a regular school semester, the participants were encouraged
to reflect on their experiences in a CS degree in a holistic manner. The findings represent some of
their feelings and attitudes towards their degree, and what they may seek or value towards
completion of their degree. Figure 3 is a prime example that addresses the similar isolating
feeling women may experiences when trying to work out at the gym and in a classroom where
they may be one of very few or no other women in their CS program or classes. AS recent as this
year, McNeely and Frehill (2024) published a journal article presenting statistical evidence that,
despite exponential growth in the computing field, efforts toward diversity, equity, and inclusion
in obtaining CS degrees have not kept pace [34]. In short, women and other minoritized



populations remain underrepresented in computng. As such, the authors stress the importance of
comprehending the affective constructs, dynamics, relations, and outcomes associated with
disparities in representation and participation, urging a broader examination of societal
stratification processes (McNeely, p.13). This understanding is crucial for improving conditions
to retain and expand participation. Methods such as photovoice enable researchers to gain that
deeper insight into the emotions, relationships, and experiences outlined by McNeely and
Frehill.

Additionally, photo artifacts played a pivotal role as a starting point for conversations and a means
of reflecting on emotions, providing participants with insights into how their cohort peers were
navigating their own experiences both during the REU and beyond. In their paper “Talking about
pictures: A case for photo elicitation”, Harper (2002) states,

There is the need, described in all qualitative methods books, of bridging gaps
between the worlds of the researcher and the researched. Photo elicitation may
overcome the difficulties posed by in-depth interviewing because it is anchored in an
image that is understood, at least in part, by both parties. If the interview has been
successful, the understanding has increased through the interview process. (p.20) [35]

As observed in this study, photovoice proved to be a valuable tool in stimulating discussion within
the “’classroom” setting, where all participants actively engaged in sharing diverse interpretations
of images and experiences, as well as in dissecting the emergent themes until a consensus was
established within the group. These discussions surrounding an image also bridged gaps for
researchers in understanding emotions that participants may be attempting to express through the
activity.

The inherent value derived from the study’s outcomes lies in the potential insights that could
significantly enhance the REU program for future iterations. The study suggests several avenues
for improvement that organizers can consider moving forward. Firstly, emphasizing more
opportunities for collaboration and engagement is crucial, as many studies highlight the high
value placed on community by the participants. For example, Kargarmoakhar et al found that
convening of communities of practice (in computing for undergraduates) with intentionality was
“was enough to impact their experiences and act as a tool to make the field of computing more
inclusive” (p.10) [36]. Participants in this study also highlighted that it was during these
collaborative sessions that they felt the most engaged and interactive throughout the REU.
Creating spaces and activities that foster collaboration can contribute to a stronger sense of
community among REU participants, and in turn have the potential to help retain and broaden
participation in the field. Fostering a sense of belonging within a community has long been
recognized as a key objective for REUs, as evidenced by previous research [37-39]. Integration
of methodologies like photovoice can further facilitate the achievement of this goal.

Secondly, establishing a knowledge and resource bank for participants, accessible both during and
beyond the two-week duration of the program, can serve as a valuable resource for ongoing
learning and professional development. Lastly, acknowledging and carefully considering the
physical location of the REU, along with recognizing participants’ experiences within those
spaces, can further enhance the overall experience and effectiveness of the program.

For future work, it would be beneficial to incorporate more frequent check-in sessions between



the researcher and participants to facilitate discussions and ensure alignment on the study’s goals.
This approach would necessitate providing additional opportunities for students to capture new
photos and present them to the group. Implementing multiple iterations of sessions where
participants collaboratively group photographs could enhance the overall value for the group,
offering them increased insights and considerations for subsequent photo-taking endeavors.

8 Conclusion

In conclusion, this pilot study introduces photovoice as a valuable method for understanding the
experiences and challenges of underrepresented groups in computer science education. By
employing a participatory approach, participants actively engaged in co-constructing knowledge
with researchers, shedding light on their perspectives through a visual exhibition of their
experiences. Participants were provided opportunities to both reflect and present their
photographs individually, and collaborate to co-construct four emergent themes of "’lost and

found,” "lack of community,” ’not surface level,” and "community.” These themes served as
powerful points of connection, fostering a sense of shared experience among participants.

This study contributes to groundwork for future research that explores the use of photovoice as a
transformative method for understanding and amplifying diverse voices within computing. It
highlights the potential of this method in fostering community, identifying resources, and
addressing various challenges encountered by participants. As we continue to explore the
possibilities of photovoice, we unlock new avenues for enhancing inclusivity, dialogue, and
support within computer science education.
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Appendix 1
Photo-Voice Project Instructions

Photovoice is a participatory action research method in which researchers aim to accomplish three main
goals:
1. To enable people to record and reflect their community’s strengths and concerns.
2. To promote critical dialogue and knowledge about important issues through large and small group
discussions of photographs.
3. To reach policymakers.

Considering many of us may identify with one or more minority groups, and that this may be our first
REU experience, we have the unique opportunity to capture our experiences and struggles during our time
here through the practice of photovoice for the next two weeks.

Step 1: Take five photos.

Photo Prompt: Spend time this week capturing at least five photos that you feel best capture your
experiences and some of the challenges you may face participating in an REU for the first time.

You can find some guiding questions below to help you:
e What are your experiences and some of the challenges you may face participating in an REU?
e How has your participation in this program changed your view on computer science/computing?

e How has your participation in this program affected your life?

Each photo should have a unique title and caption. The caption should be no more than a few sentences.
Keep in mind some of the technical and ethical considerations we discussed in the introduction.

Step 2: Turn in pictures.

Initial photo submissions are due by [due date] before we sit down to discuss our photos. You may drop
them into the folder with your name here.

Step 3: Discuss photographs.
On day 5 of the REU we will regroup to share some of our photos and identify emerging themes in our
images. This will also be an opportunity to discuss shortcomings and recommendations we may have

through guidance from the photos.

The time allotted for discussion will also include the chance for us to receive feedback on our photos,
titles, and captions.

Step 4: Select one final photo you would like to include in the archive.

After the first discussion, each individual will pick one image that they would like to include in the final
gallery exhibition. Final photos can be submitted to the following link here.

Step 5: Community Exhibition



Traditionally, the photovoice activity culminates with a gallery exhibition in which the research group can
present their work to stakeholders, policymakers, agents of change. In this case, you will collectively have
the opportunity to present our creativity to the organizers of the REU, who may use the outcomes to
improve the experience for the next group of students.

Potential Timeline:
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