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Introduction

Innovation, design, and entrepreneurship are economic drivers promoting competition and
growth worldwide, many of which would only exist with well-established continuous
improvement. Entrepreneurship is a field of study that involves discovering, evaluating, and
exploiting opportunities [1], and thus, an entrepreneurial mindset can be described as the
inclination to discover, evaluate, and exploit opportunities [2]. To stay a leader in the global
economy, innovative pedagogical interventions are needed to promote an entrepreneurial mindset
in students, particularly engineering students (who work at the forefront of design, technology,
and new product development). One such pedagogical intervention is photovoice, which has
been widely used in educational, social science, health, and non-traditional literature [3] as a
research approach to problem-solving through the use of photo (e.g., image) and voice (e.g.,
narrative reflection). Photovoice is based on three primary goals: 1) enable individuals to reflect
on existing issues and evaluate their strengths and weaknesses, 2) promote critical dialogue
through group discussions, and 3) initiate a call to action to drive social change. In recent years,
photovoice has been extensively used in engineering education research to examine student
experiences (e.g., first-year, mental health, motivation, and challenges) [4-8] and, more recently,
has gained traction to promote entrepreneurial thinking in undergraduate engineering classrooms
[5-12].

While photovoice has been gaining momentum in engineering education research, there are still
gaps, especially in the way photovoice is used in engineering classrooms. First, existing studies
[9, 10, 12-15] showcase using the photovoice method as an individual/independent learning
practice within undergraduate engineering classrooms. While current photovoice-based
pedagogical interventions in engineering classrooms enable individual reflection, limited
collaboration, engagement, and application, opportunities for further expansion as a pedagogical
approach exist. For example, in some studies [5, 8, 10, 12, 14], participants were primarily
required to complete a photovoice reflection at the end of a project or the semester. This type of
photovoice-based intervention did not allow participants to collaborate, engage, and apply their
learning. Second, photovoice was developed with the intent to promote empowerment and
examine social inequities, particularly in healthcare contexts [16-22]. Due to this intentional use
of photovoice in the health sciences discipline, it has not been widely used in engineering
education research. These gaps warrant further examination of the use of the photovoice method



beyond individual reflections to promote dialogue and drive social change within the engineering
discipline.

To achieve this, a literature review was conducted to summarize and synthesize the use of
photovoice to drive entrepreneurial action with respect to opportunity discovery, evaluation, and
exploitation within the engineering classroom. The following research question was used to
guide the study:
e  How have photovoice applications been used to promote opportunity discovery
(curiosity), evaluation (connections), and exploitation (creating value) of opportunities in
the engineering classroom?

Methods and Analysis

A literature review was conducted to identify, evaluate, and interpret available research relevant
to our research question. For this paper, the authors followed a 5-step literature search process
(Table 1).

Table 1. Literature Search Process

Step | Task Details

1 Define Search Criteria This step included breaking down the research question into
Based on the Research individual components (e.g., population, intervention,
Question comparison, outcomes, and context).

2 Construct Search String | This step included using Boolean operators (e.g., ANDs and

ORs) with synonyms, abbreviations, and alternative terms.
The search string was categorized based on population,
intervention, location, and discipline to obtain relevant

results.

3 Search String This step included entering the constructed search string
Implementation into academic search engines.

4 Organize Literature This step included examining all results. The search results
Categorically were further sorted based on the scope of this study.

5 Map Literature to the This step included mapping the ‘engineering' literature to
Entrepreneurially the EM framework. The framework contains three
minded framework categories:

(1) Opportunity discovery (curiosity) — photovoice-based
pedagogical interventions in the classroom are limited to
the participant's individual reflections.

(2) Opportunity evaluation (connections) — photovoice-
based pedagogical interventions in the classroom that
enable participant discussions (e.g., sharing reflections with
peers and instructors)

(3) Opportunity exploitation (creating value) — photovoice-
based interventions in the classroom that allow participants
to create and initiate action plans to share with stakeholders.
A non-applicable category was included to showcase results
that did not align with the three definitions.




Findings and Discussion

In response to the research question, 'How have photovoice applications been used to promote
opportunity discovery (curiosity), evaluation (connections), and exploitation (creating value) of
opportunities in the engineering classroom?', a preliminary literature review was conducted to
identify and evaluate gaps in the literature and synthesize research. The preliminary review
included categorizing the literature based on population [undergraduate], location [university],
intervention [use of photovoice to promote discovery (curiosity), evaluation (connections),
comparison [disciplines], and outcome [EM-based literature mapping how photovoice has been
used to promote entrepreneurial thinking/mindset among participants]. The findings were
grouped into three primary themes based on a preliminary literature review.

Theme 1: Discipline-based implementation of photovoice

Based on the search string results (Figure 1), the disciplines that apply photovoice extensively
were the Health Sciences and the Social Sciences. This finding is attributed to the fact that
healthcare and social sciences research primarily use qualitative research methods to understand
behaviors, patterns, and lived experiences and explore community needs [23-25]. In contrast,
engineering, known to be more of a quantitatively driven discipline, has a lower quantity of
applications than health sciences and social sciences.

Discipline-based Photovoice Applications
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Figure 1. Search String Results

Theme 2: Photovoice-based pedagogical interventions in the engineering classroom

Based on existing literature, engineering educators primarily include photovoice reflections as
part of a semester-long project or administer it at the end of the semester for summative
assessment purposes. This finding is attributed to the fact that photovoice is implemented as a



reflective learning strategy instead of an active learning practice. For this paper, the table
mentioned below (Table 2) is exploratory and only includes a few examples to showcase the
current use of the photovoice method in engineering classrooms.

Table 2. Literature Categorization (Photovoice in Engineering Classrooms)

Type of Study &
Purpose

Participants (n) &
Description

Duration of
Study/Photovoice
Intervention

Outcomes

Exploratory:

n =15 (4 male, 1 female);

Semester long (4-5

Enhanced student

Pilot, Exploratory:
Explore mental
health experiences
of engineering
graduate students

[5].

non-binary), four students
identified as White, two
as Black/African
American, one as
Asian/Asian American,
and one as
Hispanic/Latino and
White. All are graduate-
level students enrolled in
various engineering
disciplines.

reported (1 month).
Data collected using a
survey.

Examine the first-generation students, | months); data collected | satisfaction and increased
impact of active American Indian, low at the end of semester — | student learning
learning income, and pursuing photovoice reflections = | outcomes.
techniques Associate's degree in pre- | 3 photos + narratives

embedded in a engineering.

formalized

mentoring

program at an

institution serving

American Indian

students [9].

Work-in-progress, | n =8 (5 female, 2 male, 1 | Preliminary data N/A

Exploratory:
Examine the use
of photovoice with
entrepreneurial
design projects as
a high-impact
practice in
engineering
technology
education [12].

n=13 (12 male, 1
female) sophomore-level
students enrolled in the
engineering technology
program.

The project was 4
weeks, and photovoice
metacognitive reflection
was administered during
the 4" week.

Enhanced student ability
to elucidate project
experiences.

Exploratory:
Examine the
integration of an
entrepreneurial
mindset in the
engineering
curriculum to

n =7 (5 male, 2 female),
enrolled in an upper-level
undergraduate course
offered at a satellite
campus of a large
research-focused
university.

Semester-long nature-
inspired podcast
creation curriculum.
Photovoice
metacognitive reflection
was administered at the

Student perceptions were
identified and were
aligned with a framework
of motivation.
Recommendations were
offered for engineering
educators to supplement




promote socio-
technical
communication
skill development
[14].

end of the semester
(weeks 14 — 16).

traditional teaching
practices with EM.

Exploratory: n =15 (7 male, 8 female) | The study examined the | Factors of motivation

Examine and enrolled in engineering first week of the virtual | influencing student
propose an and engineering onboarding program enrollment, persistence,
approach for a technology majors (from | (40-hr). A photovoice and completion of the
virtual universities all across the | reflection assignment virtual onboarding
undergraduate United States). Out of the | was administered at the | program were identified.
research 15 participants, 11 were | end of onboarding

onboarding first-generation students. | week.

program to orient

engineering

students to the
NSF REU [13].

Theme 3: Photovoice-based pedagogical interventions to promote the entrepreneurial mindset

Based on preliminary findings of the literature review and our definitions for opportunity
discovery, evaluation, and exploitation (Figure 2), the current photovoice-based pedagogical
interventions (n = 30) in engineering classrooms promote opportunity discovery (curiosity)
where participant involvement is limited to the data collection process. This finding is attributed
to the fact that photovoice has been known to be used as a community-based participatory
research tool to explore issues affecting the well-being of the population [26-29]. Hence, it is not
surprising to see engineering educators use photovoice as an opportunity for discovery in their
classrooms.
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Figure 2. Entrepreneurially Minded Literature Mapping



Conclusion

Although photovoice-based pedagogical interventions have been used in engineering classrooms,
gaps exist, especially considering the way photovoice has been integrated into the engineering
curricula to promote opportunity discovery (curiosity), evaluation (connections), and exploitation
(creating value). To address this gap, a literature review was conducted to identify and synthesize
available research. In response to the research question posed in this study, 'How have
photovoice applications been used to promote opportunity discovery (curiosity), evaluation
(connections), and exploitation (creating value) of opportunities in the engineering classroom?', a
preliminary literature review was conducted, and three primary themes were identified. For the
literature review, a 5-step search process was used to identify relevant literature based on the
scope of this study. After reviewing the literature, the findings were grouped into three primary
themes: (1) discipline-based implementation of photovoice, (2) photovoice-based pedagogical
interventions in the engineering classroom, and (3) photovoice-based pedagogical interventions
to promote the entrepreneurial mindset. The preliminary results showcased in this study offer
insights for engineering educators to consider while integrating photovoice-based pedagogical
interventions in the engineering classroom.

To create a curriculum that infuses photovoice to promote entrepreneurially minded learning,
engineering educators should consider offering students opportunities to engage in critical
dialogue (e.g., sharing photovoice reflections in small or large group discussions). Furthermore,
engineering educators should consider providing opportunities for participants to promote value
creation (e.g., creating action plans and organizing photos and reflections to identify
themes/problems). To effectively utilize photovoice to its fullest potential, extending the
involvement of participants [students] is crucial (e.g., opportunities to discuss photovoice
reflections with peers and instructors).

This study provides some noteworthy contributions. First, the preliminary findings and
discussion enable engineering education researchers to identify and synthesize all existing
research based on the chosen population (e.g., photovoice participants), intervention (e.g., use of
photovoice to promote the entrepreneurial mindset, comparison (e.g., disciplines, type of
participant, location), and outcome (e.g., review paper categorizing how photovoice has been
used to promote entrepreneurial thinking/mindset among participants). Second, the results and
discussion enable researchers to thoroughly review and analyze the literature across various
settings and empirical methods. Third, the literature review results provide evidence that
supports the intervention of photovoice and ensures its robustness and generalizability (e.g.,
replication/ and applicability) across a wide range of settings. Furthermore, our review provides
guidance and recommendations for best practices to engineering educators.

For future research, engineering education researchers should consider implementing
participatory action research methodologies such as photovoice in engineering education
research and continue to investigate other visual research methods. Furthermore, engineering
educators should consider using photovoice-based pedagogical interventions in their classrooms
and examine best practices to utilize such interventions to promote entrepreneurially minded
learning within engineering classrooms.



Acknowledgment

This work was developed, in part, as a result of the author’s (or authors’) participation in the
American Society of Engineering Education Archival Publication Authors Workshop for
Engineering Educators (ASEE APA-ENG) program.

References

[1] S. Shane and S. Venkataraman, "The Promise of Entrepreneurship as a Field of
Research," Academy of Management Review, vol. 25, no. 1, pp. 217-226, 2000, doi:
10.5465/amr.2000.2791611.

[2] L. Bosman and S. Fernhaber, Teaching the Entrepreneurial Mindset to Engineers.
Springer Cham, 2018, p. 142.

[3] N. Suprapto et al., "A systematic review of photovoice as participatory action research
strategies," International Journal of Evaluation and Research in Education, vol. 9, no. 3,

pp. 675-683, 2020, doi: 10.11591/ijere.v913.20581.

[4] S. Bork, "Examining Factors Related to Engineering Graduate Students' Mental Health
Experiences," 2023.

[5] S. J. Bork and J.-1. Mondisa, "Work in Progress: Using Photovoice to Examine the
Mental Health Experiences of Engineering Graduate Students During COVID-19," in
2021 ASEFE Virtual Annual Conference Content Access, Virtual Conference, 2021: ASEE,
doi: 10.18260/1-2--36525. [Online]. Available: https://peer.asee.org/36525

[6] J. A. Henderson, B. McGowan, J. Wawire, L. S. Benjamin, K. L. Schaefer, and J. D.
Alarcon, "Photovoice: Visualizing the engineering identity experiences of sophomore
students," Journal of Engineering Education, vol. 112, no. 4, pp. 1145-1166, 2023, doi:
10.1002/jee.20555.

[7] L. Herrera, K. L. Schaefer, L. S. S. Benjamin, and J. A. Henderson, "Flash On: Capturing
Minoritized Engineering Students’ Persistence through Photovoice Research,"
Sustainability, vol. 15, no. 6, p. 5311, 2023, doi: 10.3390/sul5065311.

[8] J. Wawire, B. McGowan, L. S. Benjamin, K. L. Schaefer, and J. A. Henderson, "Work-in-
Progress: Balancing It All: Using Photovoice to Visualize Second-Year Engineering
Student Experiences," in 2022 ASEE Annual Conference & Exposition, Minneapolis,
Minnesota, 2022. [Online]. Available: https://peer.asee.org/41135.pdf.

[9] L. Bosman, K. Chelberg, and N. Duval-Couetil, "Using Photovoice to Enhance
Mentoring for Underrepresented Pre-Engineering Students," The International Journal of
Engineering Education, vol. 35, no. 1, pp. 323-332, 2019.

[10] L. Bosman, U. Naeem, and E. Padumadasa, "Entrepreneurially-minded program
assessment during emergency situations: Using photovoice to understand customer



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(engineering student) needs," presented at the REES AAEE 2021 conference:
Engineering Education Research Capability Development, Perth, WA, Australia, 2021.
[Online]. Available: https://search.informit.org/doi/10.3316/informit.345859544931026.

D. R. Parnell, J. Wilson, K. T. Hicklin, and J. A. M. Waisome, "Engineering While Black:
Exploring the Experiences of Black University of Florida Undergraduate Engineering
Students Using Photovoice," in 2023 ASEE Annual Conference & Exposition, Baltimore,
Maryland, 2023: ASEE. [Online]. Available: https://peer.asee.org/43351.

K. H. Tantawi, L. Bosman, M. Mikhail, A. Sirinterlikci, and J. Ma, "Exploring the use of
Photovoice with Entrepreneurial Design Projects as a High Impact Practice in

Engineering Technology Education," in 2023 ASEE Annual Conference & Exposition,
Baltimore, Maryland, 2023: ASEE. [Online]. Available: https://peer.asee.org/43652

B. Kotla, L. Bosman, K. Chelberg, A. J. Magana, and S. S. Guzey, "Lessons Learned
From Remotely Onboarding Undergraduates Into Applied Energy and Entrepreneurship

Research," Journal of College Student Retention: Research, Theory & Practice, pp. 1-26,
2023, doi: 10.1177/15210251231192865.

T. Lucas, B. Kotla, and L. Bosman, "Creating a Nature-Inspired Entrepreneurially
Minded Manufacturing Podcast to Bolster Technical Communication Skills," in 2023
ASEE Annual Conference & Exposition, Baltimore, Maryland, 2023. [Online]. Available:
https://peer.asee.org/creating-a-nature-inspired-entrepreneurially-minded-manufacturing-
podcast-to-bolster-technical-communication-skills.pdf

J.J. Ma, L. Bosman, M. Mikhail, K. H. Tantawi, and B. Morkos, "How to engage
engineering students in teaching linear elasticity through entrepreneurially minded bio-
inspired projects," in 2023 ASEE Annual Conference & Exposition, Baltimore, Maryland,
2023. [Online]. Available: https://peer.asee.org/43388.

C. Wang and M. A. Burris, "Empowerment through photo novella: Portraits of
participation," Health education quarterly, vol. 21, no. 2, pp. 171-186, 1994.

C. Wang and M. A. Burris, "Photovoice: Concept, methodology, and use for participatory
needs assessment," Health Education & Behavior, vol. 24, no. 3, pp. 369-387, 1997.

C. Wang, M. A. Burris, and X. Y. Ping, "Chinese village women as visual
anthropologists: A participatory approach to reaching policymakers," Social Science &
Medicine, vol. 42, no. 10, pp. 1391-1400, 1996.

B. A. Israel et al., "Community-based participatory research," Urban Health, vol. 272,
no. 2, pp. 272-282, 2019.

E. D. Carlson, J. Engebretson, and R. M. Chamberlain, "Photovoice as a social process of
critical consciousness," Qualitative Health Research, vol. 16, no. 6, pp. 836-852, 2006.



[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

R. A. Evans-Agnew and M.-A. S. Rosemberg, "Questioning photovoice research: Whose
voice?," Qualitative Health Research, vol. 26, no. 8, pp. 1019-1030, 2016, doi:
10.1177/1049732315624223.

T. Golden, "Reframing photovoice: Building on the method to develop more equitable
and responsive research practices," Qualitative Health Research, vol. 30, no. 6, pp. 960-
972, 2020.

K. Anderson, E. Elder-Robinson, K. Howard, and G. Garvey, "A Systematic Methods
Review of Photovoice Research with Indigenous Young People," International Journal of
Qualitative Methods, vol. 22, p. 16094069231172076, 2023.

M. Lichtman, Qualitative Research for the Social Sciences. SAGE publications, 2013.

V. Renjith, R. Yesodharan, J. A. Noronha, E. Ladd, and A. George, "Qualitative methods
in health care research," International Journal of Preventive Medicine, vol. 12, 2021.

A. Tanhan et al., "Using online photovoice and community-based participatory research
to understand facilitators and barriers to online distance education during COVID-19,"
Distance Education, vol. 44, no. 1, pp. 40-65, 2023.

E. Lopez, E. Eng, N. Robinson, and C. C. Wang, "Photovoice as a community-based
participatory research method," Methods in Community-based Participatory Research for
Health, pp. 326-348, 2005.

E. Bisung, S. J. Elliott, B. Abudho, D. M. Karanja, and C. J. Schuster-Wallace, "Using
photovoice as a community based participatory research tool for changing water,

sanitation, and hygiene behaviours in Usoma, Kenya," BioMed Research International,
vol. 2015, 2015.

K. C. Hergenrather, S. D. Rhodes, C. A. Cowan, G. Bardhoshi, and S. Pula, "Photovoice
as community-based participatory research: A qualitative review," American Journal of
Health Behavior, vol. 33, no. 6, pp. 686-698, 2009.



