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In the United States, great inequities exist within the science, technology,
engineering, and math (STEM) fields in individuals who self-identify as
belonging to underrepresented groups (e.g., from socioeconomically
disadvantaged backgrounds, people with disabilities, and Black/African
American, Hispanic/Latino, American Indian, Alaska Native, Native Hawaiian, or
Pacific Islander). Underrepresentation in STEM careers has been documented to
be due to a lack of qualified and diverse teaching personnel, limited access to
resources in disadvantaged schools, and implicit bias within US institutions. In
recognition of these inequities, an interprofessional team of biomedical faculty
members and diversity, equity and inclusion (DEI) educators from the Louisiana
State University Health Science Center (LSUHSC) in New Orleans developed and
implemented a STEM educational training pipeline for elementary, middle, and
high school (K-12), undergraduate, and medical students, with accompanying
DEl training for LSUHSC mentors and staff to mitigate implicit bias and
promote a welcoming environment for participants from different backgrounds.
Our findings focus on one social determinant of health: access and quality
of education. Other institutions can implement a program as described in
the present study to address the educational and health inequities in their
own communities.
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1 Introduction

Health disparities in the US exist among individuals from
socioeconomically disadvantaged backgrounds, people with
disabilities, and those who self-identify as Black/African American
(AA), Hispanic/Latino (HL), American Indian/Alaska Native
(AI/AN), Native Hawaiian, or Pacific Islander (NH/PI) (Williams
et al., 2016, 2017; Lee et al., 2018; Spruce, 2019; Sacca et al., 2022;
Anderson et al., 2023). Health disparities have been defined as
“differences in the incidence, prevalence, mortality, and burden
of diseases and other adverse health conditions that exist among
specific population groups in the United States" (National Heart,
Lung, and Blood Institute, and National Institutes of Health,
2014). Social determinants of health (SDOH), which are the
conditions in which people live, learn, work, play, and worship,
are known to affect health outcomes (Thornton et al., 2016; Lee
et al., 2018; Spruce, 2019; Office of Disease Prevention and Health
Promotion et al.,, 2022). SDOH have a major impact on people’s
health, wellbeing, and quality of life, and its inequities create health
disparities (Thornton et al., 2016; Lee et al., 2018; Spruce, 2019;
Office of Disease Prevention and Health Promotion et al., 2022).
The US Department of Health and Social Services categorizes
SDOH into 5 domains: (1) economic stability (i.e., employment
and access to affordable healthy foods and housing), (2) access and
quality of health care, (3) neighborhood and built environment
(e.g., violence, unsafe air, or water), (4) social and community
context (e.g., children whose parents are incarcerated or deported,
bullying, and other lack of community support), and (5) access
and quality of education (Thornton et al., 2016; Lee et al., 2018;
Spruce, 2019; Office of Disease Prevention and Health Promotion
et al., 2022). The present study focuses on one social determinant
of health: access and quality of education. The long term goal of
our project is that although the intervention we address primarily
targets a single social determinant, it will have long term effects
across other SDOH (Thornton et al.,, 2016; Office of Disease
Prevention and Health Promotion et al., 2022).

Although more individuals who identify AA, HL, AI/AN,
and NH/PI are currently pursuing advanced degrees, disparities
still exist in the science, technology, engineering, and math
(STEM) fields: only 1.6% of tenured US professors are AA, 2.7%
are HL, and 0.4% are AI/AN-NH/PI (Sacca et al.,, 2022; The
National Science Foundation, 2023). Many factors contribute to
this phenomenon, including a lack of qualified and diverse teaching
personnel and limited access to STEM education resources in
disadvantaged schools (Stoeger et al., 2016; Wilson-Kennedy et al.,
2018; U.S. Census Bureau, 2020; Gonzales et al., 2021). The US
Department of Education’s Civil Rights Data Collection reports
that due to a lack of access to quality, early STEM education,
a large proportion of underrepresented K-12 students achieves
lower standardized test scores and lower acceptance rates to top-
ranking colleges. Additionally, inadequate mentor support and
implicit bias in institutions may impact outcomes, especially for
females and students from disadvantaged groups (National Center
for Education Statistics, 2014; Dixson et al., 2016; Stoeger et al.,
2016; Wilson-Kennedy et al., 2018; Subotnik et al., 2019; Nation and
Hansen, 2021).

Recognizing these educational challenges, a collaborative team
of LSUHSC faculty members and diversity, equity and inclusion
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(DEI) educators developed and implemented a STEM educational
pipeline training program for elementary, middle, and high
school (K-12), undergraduates, and medical students. Within this
program, LSUHSC faculty and staft mentors complete DEI training
to mitigate implicit bias and promote a welcoming environment for
participants from different backgrounds inclusive of race, ethnicity,
gender, sexual orientation, socioeconomic status, citizenship,
education, religion, ability, and age. The goals of the program
are to improve STEM academic achievement, introduce students
to diverse mentors and role models, and increase awareness of
future STEM careers.

2 Educational pipeline at LSUHSC

The Louisiana State University Health Sciences Center
(LSUHSC) in New Orleans, LA is comprised of six schools
(Medicine, Graduate Studies, Public Health, Nursing, Allied
Health Professions, and Dentistry). Each of these schools has
its own Diversity, Equity, and Inclusion (DEI) Committee
comprised of faculty and trainees who report to the LSUHSC
DEI Office. The campus DEI Office leads diversity initiatives by
hosting workshops, organizing a health equity campaign with
local community partners, and developing a bias/discrimination
reporting system. The School of Medicine’s Office of Diversity
and Community Engagement (ODCE), established in 1981, is
comprised of comprehensive community outreach programs,
including partnerships with New Orleans Public Schools, local
Historically Black Colleges and Universities (HBCUs), and the Area
Health Education Center (AHEC) Southeast Louisiana program
for rural scholars. For more than 20 years, LSUHSC has received
federal, local, foundational, and institutional funding to support
educational pipeline programs for K-12, undergraduate, and
medical students (Figure 1). Anonymous formative and summative
evaluations by participants have measured satisfaction of the
program, demographics, learning gains, topic retention, and long-
term tracking of career plans (Table 1).

2.1 Elementary, middle, and high school
student workshops

During the academic year (August to May), LSUHSC faculty,
trainees, and staff of varying backgrounds teach K-12 students
via practical experiments to enhance their science curriculum,
improve classroom/standardized test scores, and provide guidance
regarding career goals. LSUHSC incentivizes trainees (e.g.,
medical, nursing, public health, dental and graduate students,
residents, and post-doctoral fellows) to provide assistance to
faculty members. For instance, medical and nursing students earn
service hours for their participation and public health graduate
students accrue service hours as they utilize their skills in health
promotion. In addition, two courses offer credit to trainees. In the
“Interdisciplinary Approach to Science Outreach” course, trainees
(1) learn effective collaborative teaching skills with an emphasis on
inclusive environments, (2) design science activities for outreach
presentations, (3) organize and facilitate their modules for K-12
classes at partnering schools, and (4) inform the community about
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FIGURE 1

The Louisiana State University Health Sciences Center (LSUHSC) STEM Education Pipeline. Science, technology, engineering, and math (STEM)
opportunities at LSUHSC for elementary, middle, high school, undergraduates, and medical students described in the present manuscript. Not all

STEM pipeline programs at LSUHSC are listed.

health and STEM professions. In the “Science Teaching” course,
LSUHSC trainees implement already developed curricula (either
at the K-12 school or as a field trip to the LSUHSC campus),
and offer educational and career advice. These opportunities serve
a dual purpose: as future researchers and health professionals, it
is essential for trainees to receive training in STEM and health
communication with lay audiences; simultaneously, they serve as
role models and assist K-12 students with interactive methods to
facilitate understanding and retention.

The above mentioned courses and the Science Youth Initiative
(SYI) K-12 Program are implemented in collaboration with
teachers from the New Orleans Metropolitan area. Starting
in the fourth grade, these programs engage in curriculum-
related activities with students from underserved communities
(e.g., extracting DNA from strawberries, use of organ models).
Middle and high school students participate in day-long campus
workshops, conducting experiments which complement their
curriculum and relate to current and relevant topics (e.g., forensics,
cancer research). The ODCE conducts tours of LSUHSC training
facilities and laboratories, demonstrating the value of teamwork
among health professionals (interprofessional education). A wide
variety of STEM and health science careers (e.g., medicine, research,
audiology, nursing, health policy, epidemiology) are highlighted.
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Additionally, LSUHSC facilitators help middle and high school
students develop their critical thinking, inductive/deductive
reasoning, and test-taking skills. For example, experiments instruct
in the use of the scientific method and laboratory proficiency
(e.g., DNA analysis using gel electrophoresis, staining of normal
and cancer cells, microscope visualization). Organs from the
LSUHSC Anatomy and Pathology Departments are utilized to teach
topics such as lung disease and alcohol abuse. LSUHSC-created
educational videos reinforce the newly acquired information.
Surplus laboratory equipment (i. e., thermal cyclers, centrifuges)
and supplies (i. e., Eppendorf tubes, flasks), are donated or
loaned to the partnering high schools once teachers are trained in
their proper use.

2.2 High school, undergraduate, and
medical student internships

Since 2003, the collective mission of the LSUHSC Science
Youth Initiative (SYI) and Summer Research Internship (SRI)
high school programs is to provide research training/professional
development and ensure that all students are encouraged to
build their skills, knowledge, and confidence as they move
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TABLE 1 Educational pipeline at LSUHSC: anonymous assessments of participants.

Participants and
types of

evaluations

Elementary, middle, and
high school student 1-4 h
long workshops

High school, undergraduate,
and medical student
summer or yearlong
internships

10.3389/feduc.2024.1357946

LSUHSC mentor and
training

staff

Participants o Elementary, middle, and high school o High school, undergraduate, and medical ~|e LSUHSC faculty, trainees (e.g., PhD students,
students students medical students, residents, post-doctoral
fellows), and staff (e.g., on-campus housing,
human resources personnel)
Demographics o Self-reporting regarding race, ethnicity, o Self-reporting regarding race, ethnicity, o Self-reporting regarding race, ethnicity, gender,
evaluations gender, age, and academic level gender, age, and academic level age, and academic rank/job description

Formative (process

o Pre- and post-information about

o Pre- and post-information about

e Pre- and post-information about knowledge

scholastic assessment test, and advanced
placement)

evaluations) knowledge gains internship placement and knowledge gains | gains
o Survey designed to measure program o Survey designed to measure program e Survey designed to measure program
satisfaction satisfaction satisfaction
o Pre- and post-Science Teaching Efficacy o Pre- and post-Science Teaching Efficacy Belief
Belief Instrument (STEBI) surveys assess Instrument (STEBI) surveys assess confidence
confidence levels/readiness to talk to the levels/readiness to talk to the community and
community and younger audiences about younger audiences about STEM
STEM
Summative e Classroom testing by teachers o Pre-and-post-surveys include: e Post-training surveys collect program
(impact/outcome o Standardized testing (e.g., Louisiana o Goals Attainment Scaling (career goals) satisfaction and impact
evaluations) educational assessment program, o Basic Research Appraisal Inventory which | Evaluations to gauge the degree to which the

gauges impact of interns’ experiences on
their confidence in their ability to conduct

participants apply their knowledge in their
classroom, workplace, and the community

research and in their career preferences

o Student Assessment of their Learning
Gains (SALG)

o Post-training surveys collect program
satisfaction and impact.

o Alumni tracking using social media for
acceptance to STEM education, research,
employment, internships, awards,
publications, presentations, and
engagement in STEM outreach activities

Due to the multiple components of the Louisiana State University Health Science Center’s educational pipeline, a multi-tiered evaluation approach was utilized measuring both quantitative

and qualitative assessments. Formative and summative evaluations were used. Detailed results of these evaluations have been previously published (Seymour et al., 2000; Gunaldo et al,, 2018,
2020; Harrison-Bernard et al., 2020; Slater et al., 2021; Eller et al., 2022; Erickson et al., 2022; Sims et al., 2022; Hess et al., 2023).

forward in their STEM career goals. All high school interns
receive on-line training prior to arriving on campus and up
to 2 weeks of basic laboratory preparation before starting
on their projects (e.g., reviewing research articles, learning
methodology). Students professional  development
seminars on resume writing, laboratory and biological safety,

receive

formulating a research hypothesis, experimental design, data
interpretation/reaching a conclusion, scientific communication
skills (presentation and manuscript writing), responsible
conduct in research, and DEI in research; as they master
tasks and concepts, their responsibilities increase. Students are
offered networking opportunities (e.g., community outreach,
workshops with admissions directors and professionals of different
careers) with fellow high school students, other summer interns
(undergraduates and medical students), and LSUHSC trainees,
faculty, and staff.

The LSUHSC STEM Program offers high school students
comprehensive training in scientific skills for up to 2 years:
(1) during the academic year, interns report after school to
an assigned laboratory, where they conduct supervised research
projects (2) during the summer, they work full-time and participate
in activities with the rest of the interns. Clinical shadowing
opportunities are also available to New Orleans area high school
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students. Since 1982, the ODCE faculty and staff have led the
Summer Science Program (SSP), providing high school students
with 5 weeks of mentorship, clinical shadowing, and professional
development activities for careers in medicine, nursing, and allied
health professions.

As undergraduates, students may participate in the Research
Experiences for Undergraduates (REU) Program or the SRI
program to learn hard scientific skills (hypothesis and research
design, methodology, scientific communication), soft skills (time
management), professional development (resume/CV writing,
career guidance), and to network while providing community
outreach. Computational or wet-laboratory projects can be chosen
based on student research interests. To support STEM, health
sciences, and biomedical pipeline and workforce development
initiatives, LSUHSC has established long-standing collaborations
with local institutions, including HBCUs.

Institutions of higher learning are increasingly teaching non-
traditional students (National Center for Education Statistics,
2014; Wouters, 2020; Sutherland et al., 2023). Non-traditional
students may (1) vary in their social, familial and educational
backgrounds, (2) tend to have previous work experience, (3)
be age 23 years or older at their time of enrollment, and (4)
vary in their life situation and/or motivation to study (Gilardi
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and Guglielmetti, 2011; National Center for Education Statistics,
2014; Wouters, 2020; Sutherland et al., 2023). Non-traditional pre-
matriculated medical students can benefit from increased access to
mentor guidance, networking with faculty and peers, and gaining
understanding of the curriculum prior to navigating medical school
(Wouters, 2020; Sutherland et al., 2023). Both the LSUHSC ODCE
and the School of Medicine’s Admissions Office direct the Pre-
Matriculation Program, which is open to all admitted medical
students, but geared toward students (non-traditional included)
who consider themselves disadvantaged. Since 1985, the LSUHSC
Pre-Matriculation Program has mentored more than 500 incoming
medical students; more than 95% have successfully completed their
medical degrees.

Furthermore, medical students may participate in a paid
internship, an Honors Research Program, or receive credit via
various Research Elective courses. Research topics (including
translational medicine,

health  disparities, bioinformatics,

and epidemiology) are conducted under the supervision
of LSUHSC faculty mentors. Future physicians are trained
in (1) communicating health and research topics to the lay
community, (2) responsible conduct in research, (3) DEI sensitivity
when conducting research, and (4) competitive residency

application preparation.

3 LSUHSC mentor and staff training

Mentors are chosen based on (1) research experience, (2)
teaching achievements, (3) positive reviews from previously
mentored high school, undergraduate, or medical students,
(4) motivation to empower students of differing backgrounds,
(5) previous publications or presentations coauthored with
high school, undergraduate, and medical students, and (6) the
completion of at least two in-person mentor training workshops
before students arrive. LSUHSC incentivizes these initiatives,
with mentoring and service included as prerequisites for faculty
promotion and tenure. In-person training courses (facilitated
by the ODCE or the DEI Office) include workshops on
microaggressions and implicit bias. These workshops are facilitated
by DEI education leaders at the institutional, state, and national
level, with the intention to promote respectful behaviors and
to nurture trainees from a wide variety of backgrounds. These
3-h workshops are offered once a month during the academic
year, and include videos, seminars, interactive activities, and panel
discussions. Facilitators discuss identity, privilege, grit, impostor
syndrome, and discrimination, promoting respectful interactions.
By gaining a better appreciation of shared experiences and
differences, expectations of respect, and the need to belong, faculty
and their staff are provided advice on how to create respectful
and inclusive workplaces. Additionally, staff training includes
individuals who work with participants outside the laboratory
(i.e., food services, parking, security, campus assistance, and the
wellness center). Anonymous questionnaires determine satisfaction
and learning outcomes.

All LSUHSC faculty mentors and staff are required to complete
yearly online training, covering sexual harassment, assault, and
other forms of harassment and discrimination. These topics are
reinforced with mentors and staff during the in-person DEI
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workshops. All adults supervising students under the age of 18
require a criminal background check and the completion of an
online training module by the Louisiana Department of Children
and Family Services.

4 Discussion

A symbiotic relationship currently exists between the health
science professionals at LSUHSC in New Orleans and the lay public.
Since 2006, the Science Youth Initiative has served more than 2400
K-12 students, of which 68% self-identify as underrepresented.
Quantitative and qualitative analyses demonstrate that the program
improves science and math test scores and promotes greater
interest in STEM. Age-appropriate anonymous pre- and post-
questionnaires demonstrate statistically significant knowledge
gains in curricular concepts. Participants express confidence in
their understanding of the material and enjoy interacting with the
LSUHSC near-peer facilitators. Teachers report improvements in
classroom grades and standardized testing scores.

Over 150 high school students, more than 500 undergraduates
and over 675 medical students have been immersed in the
clinical/research setting since the inception of the SRI and
REU programs, where they met peers, faculty, and role models,
strengthened resumes, and presented their research at the end-
of-the-summer symposium. Participants in these programs also
engage in community outreach, providing health information and
explaining their projects while serving as role models to the
younger generations; more than 60% percent of the interns are from
underrepresented backgrounds in STEM. Students’ evaluations
report that they “felt like part of the research team” and “felt like
a scientist.” As a result of the ODCE clinical shadowing program,
more than 400 high school students in the New Orleans area have
successfully enrolled in STEM and health programs (Medicine,
Nursing, Graduate Studies, Dentistry, and Allied Health) at
LSUHSC and other institutions, nationally and abroad. Additional
robust programs at the six LSUHSC schools (Medicine, Graduate
Studies, Allied Health Professions, Public Health, Nursing and
Dentistry) which enhance the diversity of the STEM workforce are
not mentioned in the present manuscript.

By the conclusion of the mentor workshops, statistically
in DEI
reported by faculty and staff regarding (1) the importance of

significant  increases related  self-awareness were
improving diversity and recognizing biases and stereotypes,
(2) appropriate interaction with people from different cultures,
and (3) the acknowledgment of implicit bias when mentoring
students from groups underrepresented in STEM fields
(Harrison-Bernard et al., 2020).

During the COVID-19 pandemic, concerted efforts were made
to support the pipeline programs via a remote learning model.
Virtual Summer Program project topics included bioinformatics,
protein modeling, and data analytics research, and workshops were
held via Zoom. Despite the lack of on-campus research activities
during the COVID-19 pandemic, students and mentors readily
adapted to the virtual model (Erickson et al., 2022; Sims et al., 2022;
Hess et al., 2023).

Academic health science centers provide patient care, train

scientists and health professionals, and facilitate basic research;
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interprofessional teams of different backgrounds can educate
and serve as role models. STEM activities, which may include
interactive tours of the facilities, and laboratory demonstrations,
can be developed collaboratively with schools to complement
the K-12 and undergraduate curricula, minimize stereotypes and
promote enthusiasm to collaborate with others (Gunaldo et al.,
2018, 2020). Educational resources (e.g., laboratory equipment
and supplies) can be provided to supplement those at local
schools, reducing educational inequities. Local, foundation, and
federal funding exists to support these initiatives, providing
supplies, administrative assistance, and student stipends. Effective
and nurturing mentors have been well documented to be
essential for student success (Gonzales et al, 2021; Alvarez-
Berrios and Haynes, 2023). Furthermore, many female faculty
mentors self-identify as transformational leaders with positive
and strong views on guiding and empowering other women
in STEM leadership (Francis and Askew, 2022; Alvarez-Berrios
and Haynes, 2023). Our program and others suggest a link
between student success and improvements in self-perception
including sense of belonging, science identity, and self-efficacy
(Connors et al, 2021; Callahan et al, 2022; Erickson et al.,
2022; Sims et al, 2022; Alvarez-Berrios and Haynes, 2023;
Hess et al., 2023).

Since the national enrollment of underrepresented students in
STEM higher education and careers remains low (Connors et al.,
2021; Callahan et al., 2022; The National Science Foundation,
2023), programs similar to ours are vital and could be successfully
implemented by other institutions of higher learning, even
under highly variable conditions (Nation and Hansen, 2021).
Our program has shown farther reaching impacts than simply
advancing educational achievement (e.g., Ph.D, MPH, MS, MD)
among our participants. Follow-up efforts from participants
since 2003 have revealed long term impacts of the program:
many past participants have STEM careers in academia (e.g.,
professors, researchers), government (e.g., health policy directors,
epidemiologists), industry (e.g., engineers, research technicians),
healthcare (e.g., physicians, nurses), and law (e.g., patent agents,
forensic scientist). Many have presented at local, national, and
international meetings, and have published their results as co-
authors with their LSUHSC mentors. Our participants report
that their educational/career paths have led to employment
opportunities, economic stability and improved quality of life.
More than 90% of the program alumni who respond to the
surveys follow a STEM related educational/career path. The small
percentage of alumni who do not pursue STEM careers report
that they still greatly benefit from the program’s opportunity to
work in a professional setting, career development workshops,
and networking experiences. Our efforts focus on one social
determinant of health: access and quality of education. Other
institutions can implement a program as described in the present
study to address the educational and health inequities in their own
communities.
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