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Abstract

The prevalent gap between students from different socioeconomic
statuses (SES) affects multiple aspects of our social functionality.
Among its effects, the SES gap directly impacts the opportunities to
which students have access while in college and beyond. This paper
discusses the efforts and partial results of a program aimed at bridging
such differences for low-income, academically talented students
(LIATS) in a Hispanic Serving Institution (HSI). The reported ap-
proach leverages the relations with a group of industry partners to
provide LIATS with scholarships, professional mentorship, work-
shops, and on-the-job training opportunities while sharing with the in-
dustry the students’ e-portfolios, professional profiles, and resumes,
developing a symbiotic relationship where both benefit. After three
years of interactions, the results show how these opportunities helped
LIATS develop their skills, leadership, and competitiveness as future
STEM professionals. The experience also demonstrates that profes-
sional growth opportunities are critical for engaging LIATS in real-
life contexts where they collaborate and interact with industry part-
ners, and for providing them with opportunities that help to bridge the
SES gap.
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I. INTRODUCTION

Educational research has widely documented the achievement gap
between students from different socioeconomic statuses (SES) [1], [2].
At the college level, this gap manifests among students from lower
SES with a higher attrition level, longer times to graduate, and lesser
post-graduation opportunities than those with a higher status [3]. For
the last four years, an initiative sponsored by the National Science
Foundation in the College of Engineering (CoE) of the University of
Puerto Rico Mayaguez (UPRM), the Program for Engineering Access,
Retention, and LIATS Success (PEARLS), has implemented strategies
to address the SES gap among low-income, academically talented stu-
dents (LIATS) [4]. PEARLS builds upon a series of interventions or-
ganized around a theoretical model named the LIAT College Access
and Success model (L-CAS). The L-CAS is a hybrid model that com-
bines elements from Lent’s Social-cognitive Career Theory (SCCT)
[5] and Tinto’s Departure Model (TDM) [6] to provide students with
a set of institutional experiences designed to drive them to successful
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engineering careers. The SCCT components of the L-CAS model were
the focus during the early stages, while TDM’s components were em-
phasized during the later stages of their academic endeavors. L-CAS
TDM elements were poised to create the backbone for intervening
LIATS with an institutional component that provided them with tools
for interactions with faculty and staff, extra-curricular activities, peer
group interactions, and formative-growth experiences. We hypothe-
sized that the combination of these elements would impact LIATS’
academic performance, career choices, and institutional experiences in
a way to drive their actions to complete their engineering degrees on
time and become successful STEM professionals. This paper presents
the efforts and partial results of a partnership with industry that has
been pivotal for growing LIATS’ skills for competitiveness as future
STEM professionals, developing their leadership skills, and providing
them with opportunities to engage in industry and research experiences
as a strategy to bridge the SES gap.

II. ENGINEERING PEARLS AT UPRM

The academic setting for the presented practice was the University
of Puerto Rico Mayaguez (UPRM), a Hispanic Serving Institution
(HSI) part of the state-supported University of Puerto Rico (UPR) Sys-
tem. With 10,949 students in fall 2022 (23.3% of the system’s student
body), the host is the largest unit in the eleven-campus UPR system
[7]. The College of Engineering (CoE) in the host campus serves
4,936 students, 94% of them distributed in nine academic programs at
the BS level, and the remaining 6% in master’s, and Ph.D. levels. For
many years the UPRM has maintained a prominent position as one of
the largest providers of Hispanic engineers in the US, graduating
yearly more than 500 new engineers, from which approximately one
quarter are females [8]. The CoE offers five-year academic programs
in Civil, Electrical, Computer, Computer Information Science, Indus-
trial, Mechanical, Chemical, and Software Engineering.

For a long time, CoE-level statistics have shown a persistent gap
in achievement levels attained by students coming from different soci-
oeconomic groups. Students from low-income households graduate at
rates up to 20% lower than those from middle- or above-income levels.
Similar disparities also become apparent in retention and persistence
rates, and time to graduation [7].



The Program for Engineering Access, Retention, and LIATS Suc-
cess (PEARLS) was developed as a college-wide initiative to impact
observed trends, establishing a set of institutional interventions aimed
at increasing success statistics of low-income, academically talented
students (LIATS) [4]. The interventions were longitudinally organized
around five major areas that include background experiences, student
sense of belonging, formation, growth, and graduation.

Interventions in the area of background experiences aimed at hav-
ing a diverse group of students participate in the program. The inter-
ventions to reinforce the sense of belonging among students included
the creation of learning communities, peer-mentor support, courses,
and talks aimed at strengthening the self-efficacy beliefs and outcome
expectations of students. Formative interventions included training to
grow professional skills and leadership. Growth interventions, the fo-
cus of this work, encouraged LIATS to take actions directed at partic-
ipating in undergraduate research, industry experiences, and leader-
ship roles [9]. The last intervention stage, graduation, guided students
on leveraging their college experiences for competitively entering ei-
ther graduate school or the engineering workforce. Ninety-two stu-
dents enrolled in PEARLS in year one, distributed in four cohorts that
included 34 in first-year, 28 in the second year, 28 in the third year,
and two graduate students. Of these, 57% were males, 70% came from
public schools, and 88% came from families with less than $30,000 of
yearly income.

A. Industry-Academic Partnership Model

Experiential learning is an essential aspect of engineering educa-
tion, providing students with hands-on experience in applying theoret-
ical concepts to real-world problems [10]. However, it can be chal-
lenging for academic institutions to offer such opportunities within the
confines of the classroom. Therefore, an industry-academic partner-
ship becomes an effective approach to enable engineering students to
gain practical skills and knowledge, a key element of the growth inter-
vention phase within the Tinto’s Departure Model.

Different forms of industry-academia collaborations (IAC) have
developed over time, in different places and disciplines, pursuing var-
ious objectives [11]. Cooperative Education programs, for example,
seek to provide students with experiential learning and have been a
successful model adopted in many universities. Similarly, work-study
programs, internships, and capstone courses, among other forms, all
provide some form of experiential learning for students. Other IAC
forms have been documented to support research, technology transfer
activities, or access to human resources for certain activities [12] .

Despite the various initiatives, a standardized scheme to support
IAC interventions going beyond the traditional COOP model is hard
to establish, as most interaction models strongly depend on individual
efforts between particular institutions and specific industries. In
PEARLS, we introduced a custom IAC scheme to promote experien-
tial learning for engineering students that can be deployed at a larger
scale within UPRM and across other universities to enhance the form-
ative-growth stage of the L-CAS model.

PEARLS interventions were designed to address the needs of our
LIATS in stages as described by the L-CAS model. During the growth
phase, students sought professional mentorship to guide their future
roles in the workforce, therefore, opportunities such as industrial and
entrepreneurship enlightenment were crucial. An industry alliance was
pivotal for growing LIATS skills for competitiveness as future STEM
professionals. They enabled the development of leadership skills and
provided them with opportunities and experiences as a strategy to
bridge the socioeconomic status (SES) gap. To enable the growth

phase interventions within our model, a systematic framework of the
stakeholders was needed. PEARLS industrial partners were engaged
through the industrial advisory board of the UPRM College of Engi-
neering. The benefits derived from this synergism included partial
funding for selected activities, professional mentorship, workshops,
and on-the-job training opportunities for LIATS, while the PEARLS
program shared with industry partners students’ professional profiles,
granting them access to the student’s e-portfolios, and disseminating,
among students, information about opportunities in their organiza-
tions, enabling mutually beneficial alliances.

The Industry-Academy Partnership was designed based on the do-
mains of the industry-academic collaborations enabled by memoran-
dums of understanding (MOUs) [13] as depicted in Figure 1.
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Figure 1 Domains of the Industry-Academy Partnership.

The Academy domain was comprised of the competencies of the
university setting, where professors leverage classical theoretical
courses to teach the fundamental concepts with complementary prac-
tical sources such as special projects and professional electives. The
combination of these experiences provided the basis for undergraduate
research activities. However, in order to guide these experiences into
the applied realm, industry partners were much needed. Hence, the
industry domain enabled the realization of such called “real life” ne-
cessities or applications, that when connected to the practical teaching
aspects of the academy were poised to produce life-changing experi-
ences for the students. Similarly, the industry needed research and de-
velopment activities but was not necessarily geared towards those ac-
tivities, therefore combining the need from the industry with the
knowledge from the theoretical and research activities at the university
become a powerful tool for success. The model presented in this arti-
cle provided the means to connect these two domains via collaborative
agreements and MOUSs that have proven to be a valuable mechanism
for the enhancement and continuous support of this partnership.

LIATS were provided with skills developed during the belonging
and formative stages of the L-CAS model, while industrial partners
brought the “real world” context and experiential learning opportuni-
ties in a collaborative scheme geared towards a win-win scenario. This
partnership enabled crucial professional growth opportunities for en-
gaging students in real-life projects where collaboration and interac-
tions with industry partners led them to develop industry experience.
They also grew their communication skills and teamwork abilities in
work settings and ultimately provided them with opportunities that
helped to bridge the SES gap. Figure 2 shows a diagram of the Industry



Academy Partnership developed at UPRM where the roles and respon-
sibilities of all parts are presented [14].

As part of our work in progress, we also established an information
flow supported throughout a project web page that allowed each player
to provide information and access critical data needed for their roles.
The project management level established the channels to communi-
cate with the system administration, students, mentors, and industry
liaisons. System administrators managed the access and contents
structure of the web page and data repository. Students provided their
resumes and e-portfolios, while also having access to them. Company
liaisons had access to resumes and e-portfolios while also providing
information about open opportunities in their organizations. Mentors
provided students with advice and awareness about opportunities and
how these matched their interests.
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Figure 2 Diagram of Industry-Academy Partnership

The web page and social media maintained public information
about students, partners, publications, and activities. Our information
manager had access to student records, mentors, and industry docu-
ments and fed information to the web page management and social
media updates. Figure 3 provides a view of the information flow
model used in the project.
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Figure 3 Top-level view of information flow.
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Our ultimate vision and part of our ongoing efforts are consolidat-
ing this model into a computer-based information management system
that can evolve with the project. The rationale behind this scheme is
to promote communications for the industry-academic partnership so
that our students could access more and better opportunities in areas
of common interest.

III. RESULTS

The Industry-Academy Partnership developed and presented in
this work has demonstrated to be a well structured engagement mech-
anism to support the growth intervention phase of our L-CAS model.
Industrial partners gained guaranteed access to pre-qualified LIATS,
whereas the academy gains a portfolio of industrial opportunities that
can be offered to students with different backgrounds and interests.
This systematic framework, as shown in figures 2 and 3, has proven to
be crucial for the latest stages of our LIATS before graduation.

L-CAS, as a hybrid model that combines elements from Lent’s
Social-cognitive Career Theory (SCCT) and Tinto’s Departure Model
(TDM), required well designed interventions along the LIATS evolu-
tion during their path. SCCT activities were structured within the cur-
riculum, however the growth portion demanded extracurricular activi-
ties that tend to be complex and dependent upon external resources. In
this case, our Industry-Academy Partnership scheme attracts the par-
ticipation of companies by guaranteeing priority selection among the
pre-qualified LIATS, while the University secures options for the stu-
dents. With this mechanism in place, we were able to fulfill the de-
mands of this critical phase of our model.

So far, dozens of PEARLS students have been approached by
recruiters considering them for industry experiences and opportunities.
Data from the third-year show that 63% of PEARLS students have
completed work experience as interns or COOP, while 44% reported
participating in research opportunities. Furthermore, 18% of students
presented their works in virtual scientific-professional conferences or
meetings, 42% received recognition for their work, and 52% played
leadership roles in student or community groups. These results show
that given the right formation and with the proper liaisons, students,
regardless of their SES background, will embrace professional growth
opportunities and engage in real-life contexts where collaboration and
interactions with industry partners lead them to develop experiential
skills as practitioners in work settings and ultimately provide them
with opportunities that help to bridge the SES gap.

IV. CoNcLusiONS

After three years of interactions, the industry-academia collabora-
tion model developed as part of PEARLS has enabled an ecosystem of
interactions that have benefitted all players: students, the university,
and industry partners. Students have been impacted with opportunities
to acquire work experience, cultivate their professional skills, and
grow as future STEM professionals. The university, through
PEARLS, has advanced its mission of forging professionals able to
respond to the needs of our industry constituents, while also addressing
its social role of educating and preparing competitive professionals.
Industry partners have benefited from the talent of well-prepared pro-
fessionals to fulfill their human resources needs and be able to reach
their organizational goals. The sum of all the above has created
bridges above the SES gap that demonstrate that it is possible to estab-
lish sustainable strategies to grant access, equity, and inclusion to all
segments of our students to growth and development opportunities.

ACKNOWLEDGMENT

This research was supported by the National Science Foundation
under Award DUE 1833869. Any opinions, findings and conclusions
or recommendations expressed in this material are those of the authors
and do not necessarily reflect the views of the National Science Foun-
dation.

REFERENCES

[1] MG Brown, DY Wohn, & N. Ellison, (2016). Without a map: College
access and the online practices of youth from low-income communities.



Computer & Education, 92, 104-116.

doi:10.1016/j.compedu.2015.10.001

K. Bradley. “The Socioeconomic Achievement Gap in the US Public
Schools.” Ballard Brief. December 2022. www.ballardbrief.byu.edu.

C.F. Rodriguez-Hernandez, E. Cascallar, and E. Kyndt. Socio-economic
status and academic performance in higher education: A Systematic
Review. Educational Research Review, Vol. 29, 2020,
https://doi.org/10.1016/j.edurev.2019.100305.

M. Jimenez, L. Guillemard, S. Bartolomei, O.M. Suarez, A. Santiago, N.
Santiago, C. Lopez, P. Quintero, and N. Cardona, WIP: Impacting
Students from Economically Disadvantaged Groups in an Engineering
Career Pathway, In Proc. of 2020 ASEE Virtual Conference and
Exposition — ASEEVC 2020, Hosted by Univ. of Maryland, June 22-26,
2020

R.W. Lent, S.D. Brown, and G. Hackett, Toward a unifying social
cognitive theory of career and academic interest, choice, and
performance, Journal of Vocational Behavior vol. 45, pp. 79-122, 1994.

V. Tinto, Leaving college: rethinking the causes and cures of student
attrition, 2nd edition, University of Chicago Press, 1993.

UPRM Office of Institutional Planning, Research, and Institutional
Improvement (OPIMI) Historic Data. Available online at
http://oiip.uprm.edu/dtos-estadisticos. Last retrieved Feb. 2023

American Society for Engineering Education (2022). Engineering and
Engineering Technology by the Numbers 2022. Washington, DC.
Available online at https://ira.asee.org/wp-
content/uploads/2022/11/Engineering-and-Engineering-Technology-by-
the-Numbers-2022.pdf, Last retrieved February 12, 2023

]

[10]

[11]

[12]

[13]

[14]

M. Jimenez, L. Guillemard, N. Santiago, A. Santiago, S. Bartolomei,
O.M. Suarez, P. Quintero, C. Lopez. "Assessing the Effectiveness of The
LIAT College Access and Success Model (L-CAS) on Low-income
Hispanic Engineering Students (Experience)", In Proceedings of 2022
ASEE Annual Conference and Exposition, Minneapolis, MN, June 26-29,
2022

C.S. Jamison, J. Fuher, A. Wang, and & A. Huang-Saad (2022)
Experiential learning implementation in undergraduate engineering
education: a systematic search and review, European Journal of
Engineering Education, 47:6, 1356-1379, DOL:
10.1080/03043797.2022.2031895

D.L. Peters, and A.M. Lucietto, (2016, June), A Survey of Types of
Industry-Academia Collaboration. Paper presented at 2016 ASEE
Annual Conference & Exposition, New Orleans, Louisiana.
10.18260/p.26455

K. Sj66, and T. Hellstrom, (2019). University—industry collaboration: A
literature review and synthesis. Industry and Higher Education, 33(4),
275-25, doi:10.1177/0950422219829697

S. Sivananda, V. Sathyanarayana and P. B. Pati, "Industry-Academia
Collaboration via Internships,” 2009 22nd Conference on Software
Engineering Education and Training, Hyderabad, India, 2009, pp. 255-
262, doi: 10.1109/CSEET.2009.7.

Ceyhan GD, Thompson AN, Sloane JD, Wiles JR, Tillotson JW. The
Socialization and Retention of Low-Income College Students: The
Impact of a Wrap-Around Intervention. Int J High Educ. 2019; 8(6):249.


http://oiip.uprm.edu/dtos-estadisticos

