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Abstract Ophthalmology is one of the most rewarding and fulfilling medical careers in medicine
due to the broad practice scope (including a combination of medicine and surgery);
patient population (treatment of pediatric and adult patients); diverse patient and
pathology mix (healthy eye exams, refractions, and pathology); high patient and
provider satisfaction rates; and highly specialized technology and treatments. Unfor-
tunately, academic exposure to ophthalmology as a career in medical school curricula
has had a global decline for decades. While most of the evidence-based interventions
found in the literature have resulted in enhanced educational outcomes, ophthalmol-
ogy exposure should be initiated earlier which provided an impetus for developing and
implementing a structured curriculum for introducing preprofessional students to
careers in ophthalmology. Educational programs offered in the pipeline from high
school to college can reach students who are still undecided about higher education
and career choices, thus providing an opportunity for increasing the numbers of
students in medical and health professions. We describe a structured, academic
curriculum model for pregraduate and undergraduate students to enhance interest
and to increase academic exposure to basic clinical, research, and educational domains
in ophthalmology. The HoustonMethodist Hospital (HMH) Academic Institute offers an
unparalleled 10-week summer student research program that matches HMH faculty
members with students from multiple levels (e.g., high school, college
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Ophthalmology is one of the most rewarding and fulfilling
medical careers in medicine due to the broad practice scope
(including a combination of medicine and surgery); patient
population (treatment of pediatric and adult patients);
diverse patient and pathology mix (healthy eye exams,
refractions, and pathology); high patient and provider satis-
faction rates; and highly specialized technology and
treatments.

Unfortunately, academic exposure to ophthalmology as a
career inmedical school curricula has had a global decline for
decades. Two recent literature reviews documented both the
scope and severity of this decline in ophthalmology experi-
ence and exposure in medical schools.1,2 This negative trend
has impacted medical student confidence and proficiency in
core ophthalmic clinical skills and knowledge, but an addi-
tional unfortunate side effect has been decreased exposure
to opportunities for career development in ophthalmology.

Multiple educational countermeasures and other strate-
gies havebeenproposed at themedical school level to try and
mitigate or reverse the decline in ophthalmic exposure and
training. These educational strategies have included devel-
opment of a competency-based curriculum,3 team-based
learning modules,4 integrated teaching,5 short one-6 and
ten-day7 focused training programs, community vision proj-
ects through mobile eye clinics,8 and virtual ophthalmology
clinics and learning environments.9–12

More recently, Okaka et al described a strategy to increase
ophthalmology exposure by utilizing medical student-run
free clinics which primarily service the uninsured, as a
unique way for medical students to gain hands-on exposure
to ophthalmology.13 Furthermore, in response to coronavi-
rus disease 2019 (COVID-19) pandemic several educational
strategies were implemented with modified curricula.14

Wendt et al developed a Virtual Ophthalmology Rotation
to allow students to continue their ophthalmic education
remotely in both completely virtual and hybrid learning
environments; to conduct and present research projects
from home; and to network with faculty and prepare for
residency applications via Internet platforms.15 Corson and
Wallace also developed and implemented a summer oph-
thalmology research experience for medical students during
the COVID-19 pandemic.16

While most of the evidence-based interventions found in
the literature have resulted in enhanced educational out-
comes, ophthalmology exposure should be initiated earlier

which provided an impetus for developing and implement-
ing a structured curriculum for introducing preprofessional
students to careers in ophthalmology. Educational programs
offered in the pipeline from high school to college can reach
students who are still undecided about postsecondary edu-
cation and career choices.17 For instance, biomedical pro-
grams developed for students during their high school years,
can help address the shortage of health professionals be-
cause these are the years when the life sciences and physical
sciences are taught and when students’ interest in health
careers may start to develop in a meaningful way.17 More-
over, the college admissions process is most relevant to high
school studentswhen theyare taking college placement tests
and applying to colleges.17

We describe a structured, academic curriculummodel for
pregraduate and undergraduate students to enhance interest
and to increase academic exposure to basic clinical, research,
and educational domains in ophthalmology. To our knowl-
edge an ophthalmology internship program for preprofes-
sional students has not been previously published in the
literature.

Methods

The Houston Methodist Hospital (HMH) Academic Insti-
tute offers an unparalleled 10-week summer student
research program that matches HMH faculty members
with students from multiple levels (e.g., high school,
college undergraduates, and medical school). Students
undergo prerequisite virtual training; attend weekly di-
dactic lectures given by mentors, invited speakers, and
other local leaders; shadow health care providers in active
clinical settings as observers; participate in active research
projects; present at local conferences; and are encouraged
to eventually publish their work. The HMH internship
consists of three programs: the Summer Undergraduate
Research Internship (for undergraduate students interest-
ed in translational research); the Rosenberg Summer
Surgical Fellowship (for undergraduate students interest-
ed in surgical shadowing); and the Summer Internship
Program for High Schoolers (for high school students over
the age of 16 interested in translational research).
We describe the structured curriculum from our first
Summer Internship Program for High Schoolers in
ophthalmology.

undergraduates, and medical school). Students undergo prerequisite virtual training;
attend weekly didactic lectures given by mentors, invited speakers, and other local
leaders; shadow health care providers in active clinical settings as observers; partici-
pate in active research projects; present at local conferences; and are encouraged to
eventually publish their work. We describe the structured curriculum from our first
Summer Internship Program for High Schoolers in ophthalmology. To our knowledge
an ophthalmology internship program for preprofessional students has not been
previously published in the literature.
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Results

The HMH summer interns participated in direct observa-
tion of academic clinical neuro-ophthalmology in a real-
world clinical setting at the Blanton Eye Institute, HMH.
The HMH Academic Institute provided all of the “front
end” logistics including marketing of the program, public
relations, and outreach to schools, Web site presence,
program description, and application and candidate selec-
tion process. The HMH Academic Institute also provided
the hospital orientation, standardized online didactics for
clinical research and medical ethics training, candidate
background checks and drug screening, photo identifica-
tion, and badging. All of the above services, staff, and
infrastructure was preexisting at the hospital level and
provided as in-kind services from the program and thus
the Department of Ophthalmology bore no cost or admin-
istrative burden for our program.

The learners learned about the doctor–patient relation-
ship, medical professionalism, systems-based practice, com-
munication and interpersonal skills, and practice-based
learning. They participated in daily “peer-to-peer” and
“peer to near-peer” teaching and learning activities. Exam-
ples of “peer-to-peer” teaching and learning include fellows
answering questions during our Socratic method learning
sessions and thus indirectly teaching other fellows and
residents about correct or incorrect answers in real time.
Other examples include resident presentations at ophthal-
mology grand rounds (peer-to-peer) under the supervision
of the faculty member who acts as moderator for the session
but did not necessarily create the content for the case
presentation or discussion slides. In contrast, “peer to
near-peer” includes residents andmedical students teaching
our HMH high school interns about topics that these “peers”

and “near-peers” actually have more experience and exper-
tise (e.g., how to dress professionally in the clinic, how to
introduce yourself to patients as a nonphysician). Peer to
near-peer teaching and learning also frees the faculty mem-
ber from lower level educational tasks.

In the realm of graduate medical education, they lever-
aged a preexisting online digital platform (Neuro-Ophthal-
mology with Dr. Andrew G. Lee [NODAL]) on YouTube and
created a novel and uniqueWeb series (EyeWonder) aimed at
a peer (high school and college level) target audience (►Figs.

1 and 2). A summary of views, comments, and subscribers for
EyeWonder analytics is outlined in ►Fig. 3. These short
videos provide an adolescent learner audience with easy to
follow, short, videos on selected and requested topics in a
YouTube format. The learners also contextualized specific
clinical cases and learned valuable presentation communi-
cation skills by presenting at the Departmental Weekly
Ophthalmology Grand Rounds Conference. In the domain
of clinical research, the learners completed Institutional
Review Board (IRB) applications for two research projects
and completed 4 to 5 hours of learning modules on research
ethics (e.g., Helsinki) and research protections for human
subjects. The learners participated in virtual and real meet-
ings about active research projects in neuro-ophthalmology
including “Artificial Intelligence to Detect Optic Disc Abnor-
malities by Hand-held Fundus Photography”; “Trends in anti-
VEGF use in ophthalmology during the COVID19 pandemic”;
and “Negative Pressure Goggles to Assess Spontaneous Venous
Pulsations.” Learners participated in medical research proj-
ects and contributed alongside medical students to coauthor
several EyeWiki articles (American Academy of Ophthalmol-
ogy). The learners authored EyeWiki on the following topics:
polyarteritis nodosa, painful tic convulsif, and bilingual
aphasia.

Fig. 1 Filming the YouTube Eyewonder video.
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Discussion

Academic medicine relies heavily upon the “apprenticeship
model” for clinical training. High school students interested
inmedicine as a career have fewopportunities for real-world
exposure to the medical field. An introduction to all three
legs of the tripartite mission of an academic medical center:
medical education, clinical and biomedical research, and
patient care, is critical to understanding the nature and
workings of medicine. Over the course of the HMH Summer
Research Internship, we constructed and implemented a
program that incorporated direct clinical experience, the
basics of clinical research, and novel platforms for virtual
peer-to-peer medical education. The structured curriculum
included hands-on experience with the IRB application
process for research; creating EyeWiki articles; and develop-
ing a YouTube educational platform for young learners.

This structured, academic curriculum is specifically
aimed at pregraduate and undergraduate students interest-
ed in potential careers in ophthalmology to create and
sustain a pipeline of potential candidates starting at an
earlier point in training. Our program benefits from direct
participation and financial support from a major academic
medical center (HMH) in a large urban environment (Texas
Medical Center, Houston, TX).

We recognize, however, that there is variability in avail-
able resources and that our model may not be completely
generalizable. Nevertheless, other similar medical, health
care, and scientific programs have been described. The
Stanford Medical Youth Science Program17 is a biomedical
pipeline program that seeks to diversify the health profes-

sions by providing academic enrichment in the medical
sciences and college admissions support to very low-income
high school students. Each summer 24 students are recruited
from over 250 California high schools for the 5-week resi-
dential program, led by 10 undergraduate students.17 Par-
ticipants divide their time between classroom instruction,
anatomy practicums, hospital field placements, research
projects, and college admissions advising. This program,
distinguished by direct participation in the sciences, strong
mentoring, college admissions preparation, and long-term
career guidance, has been highly successful in reaching low-
income students and preparing them for medical and other
careers.17

To better prepare students for future careers at the
interdisciplinary interface, Enderling et al identified a need
to educate junior and senior high school students about
integrating mathematical and biological skills, through the
lens of mathematical oncology, known as the High school
Internship Program in Integrated Mathematical Oncology
(HIP IMO) at Moffitt Cancer Center.18 Modern cancer re-
search, and the wealth of data across multiple spatial and
temporal scales, has created the need for researchers that are
well versed in the life sciences (cancer biology, developmen-
tal biology, immunology), medical sciences (oncology), and
natural sciences (mathematics, physics, engineering, com-
puter sciences).18 College undergraduate education tradi-
tionally occurs in disciplinary silos, which creates a steep
learning curve at the graduate and postdoctoral levels that
increasingly bridge multiple disciplines. Numerous colleges
have begun to embrace interdisciplinary curricula, but stu-
dents who double major in mathematics (or other

Fig. 2 Learning about the basics of neuroimmunology.
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quantitative sciences) and biology (or medicine) remain
scarce. The aim is to promote interdisciplinary educational
activities early in a student’s career.18

Another recently published pipeline program described by
Kana et al, is theDoctors of Tomorrow (DoT) programbetween

the University of Michigan Medical School and Cass Technical
High School inDetroitwhichwasestablishedwith amission to
encourage youth from communities that are underrepresent-
ed in medicine to pursue their interests in health care
careers.19 Students engaged in self-reflective practices
prompted by weekly surveys. Four overarching themes were
identified: (1) engagement in authentic experiential-learning
opportunities; (2) development of professional skills; (3) self-
reflection and actualization; and (4) real-world barriers in
experiential-learning.19 High school students engaged in a
varietyofdifferent community internships andshared insights
that illustrated depth and diversity of understanding health in
theircommunity. Their reflections illustrate theaddedvalueof
experiential-education in pipeline programs.19

The Student Career Opportunity Outreach Program
(SCOOP) aimed to expose high school students to the nursing
profession and entice them to enter nursing.20 For over
13 years, SCOOP has offered an internship program to high
school students.21 A survey was developed to connect with
former participants with the goal to gather information
about their career choices and whether the program suc-
cessfully recruited high school students into the nursing
profession at their hospital or elsewhere.21 Participants
reported having a remarkable experience with regard to
career definition, personal growth and transformation, de-
veloping a work ethic, and knowledge acquisition regarding
the health care environment. Formany students, being a part
of the program reinforced the idea of becoming a nurse. For
other students, it may have influenced them to change their
career choice to nursing. Eleven former participants have
been hired as staff nurses in their institution, which is one
indicator of success for the program.21

McMiller et al described an 8-week summer Young Scien-
tist in Training internship program involving middle and
high school students. This program exposed students to
current basic research inmolecular genetics, while introduc-
ing or reinforcing principles of the scientific method and
demonstrating the uses of mathematics and chemistry in
biology.22 At the end of the program, teams prepared posters
detailing their accomplishments, and presented their find-
ings to parents and faculty members during a mini sympo-
sium. By the end of the eighth week, all interns had
significantly increased their confidence in performing basic
mathematical calculations. Students had increased their
knowledge with the chemical elements, calculating formula
weight, making simple solutions, and they were able to
present their research data to their peers.22

In response to the COVID-19 pandemic, Lalish et al, devel-
oped a novel remote high school program for the 2020–2021
academic school year—the Explorers Virtual Internship, a
virtual internship program for 10th to 12th graders in which
interns are paired with scientist mentors. Their aims were to
provide interns with a meaningful research experience
under thementorship of a scientist, interest them in science,
technology, engineering, and mathematics (STEM) careers,
and give students a sense of belonging in the field of
biomedicine. Previously, the Explorers program was a 2-
week in-person summer outreach program aimed at rising

Fig. 3 EyeWonder analytics.
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10th to 11th graders from underrepresented backgrounds in
STEM.23 In-person program in the summer of 2020 was not
available and instead the programheld a scaled-downvirtual
program (Virtual Explorations in Cancer Research [VECR])
that met for 3 hours per week for 6 weeks.23 The COVID-19
pandemic restrictions were causing major disruptions to the
lives of high schoolers, especially those from marginalized
communities, it was found that students were more eager to
stay connected and make new connections with scientists
and like-minded students.23 Personal connections and re-
search experiences were more valuable, thus, instead of
reducing programming in response to the pandemic, there
was a need to create more opportunities for student
engagement.23

Limitations

We recognize that the strength of our program is that it is
novel and unique and reaches a specific target audience (high
school students) in a large urban environment within an
academic medical center (the Texas Medical Center). This
strength, however, is also themainweakness of our report as
this was the inaugural HMH Summer Internship Program for
high school students in ophthalmology. We recognize that
this work is qualitative and descriptive only and further data
on the long-term effectiveness of the program in terms of
objective outcome measures will require continued study
over time. We hope to collect longitudinal data on the
performance of future summer high school interns and to
assess their confidence and satisfaction with the program as
well as determine if our interns eventually went to medical
school and perhaps more importantly ultimately chose
ophthalmology as a career.

Conclusion

We describe a structured academic curriculum designed to
provide exposure to various aspects of clinical care, educa-
tion, and research in ophthalmology. Our program benefits
from an existing robust infrastructure within a designated
HMH summer research internship program that is specifi-
cally designed for preprofessional students at multiple levels
(high school, undergraduate, and graduate). The stated goal
of the program is to create a sustainable pipeline of academ-
ically minded students to continue with multiyear summer
participation at higher levels of training to recruit high-
quality applicants to ophthalmologyas a career downstream.
This was a pilot program for HMHwith only two high school
aged students in the inaugural summer internship program.
We hope that our model might be helpful to other like-
minded and interested ophthalmology programs and even-
tually generalizable to other programs in our local medical
center and also across the country. To our knowledge, this is
the first such high school level program described for oph-
thalmology in the English language ophthalmic literature.
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