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ABSTRACT: The Accelerate Cancer Education (ACE) summer research program at The University of Kansas Cancer 
Center (KUCC) is a six-week, cancer-focused, summer research experience for high school students from historically 
marginalized populations in the Kansas City metropolitan area. Cancer affects all populations and continues to be the second 
leading cause of death in the United States, and a large number of disparities impact racial and ethnic minorities, including 
increased cancer incidence and mortality. Critically, strategies to bolster diversity, equity, inclusion, and accessibility 
are needed to address persistent cancer disparities. The ACE program offers an educational opportunity for a population 
of students who otherwise would not have easy access onto a medical center campus to make connections with cancer 
physicians and researchers and provides a vital response to the need for a more diverse and expansive oncology workforce. 
Students grow their technical, social, and professional skills and develop self-efficacy and long-lasting connections that help 
them matriculate and persist through post-secondary education. Developed in 2018, the ACE program has trained 37 high 
school junior and senior students. This article describes the need for and how we successfully developed and implemented 
the ACE program. 

INTRODUCTION
Background. The U.S. population is becoming more di-
verse, yet there is a significant underrepresentation of mi-
norities in healthcare and biomedical science. Black and 
Hispanic individuals make up 33% of the U.S. population; 
however, these same people comprise only 9% of biological 
scientists, 12% of physicians and surgeons, and 18% of reg-
istered nurses (Bureau, 2021). Within the field of oncology, 
fewer than 3% of physicians identify as Black and 6% as 
Hispanic (Winkfield et al., 2017). Latino and African Amer-
ican biomedical student matriculation has not risen propor-
tionally to population growth, and there are fewer Black men 
in medical school today than in the 1970’s (Colleges, 2021; 
Talamantes et al., 2019). 

Coupled with a lack of representation in the biomedical 
workforce, racial and ethnic disparities in cancer incidence 

and mortality are evident. According to the National Cancer 
Institute (NCI), between 2015-2019, for all cancers com-
bined, Black men had the highest rate of new cancer diag-
noses (535/100,000) and deaths (216/100,000) compared to 
any other gender, race, or ethnic group. Black women have 
the highest number of deaths (149/100,000) compared to 
women in all other racial or ethnic groups (Institute, 2022). 
Although Hispanic and Latino individuals have lower inci-
dence and death rates for the most common cancers, they 
are more likely to be diagnosed with advanced stages of dis-
ease than non-Hispanic Whites. This is in large part due to 
long-standing inequities in socioeconomic status, access to 
quality healthcare, and other social determinants of health 
(Hamilton, 2021).

Massive inequities also exist in science, technology, en-
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gineering, and math (STEM) education across the U.S. (Xie 
et al., 2015). The U.S. Department of Education indicates 
the six-year graduation rate (150 percent graduation rate) in 
2016 was 60% for first-time, full-time undergraduate stu-
dents who began their pursuit of a bachelor’s degree at a 
4-year degree-granting institution in fall 2010 (Education, 
2016-2017). However, when viewing the data by race and 
ethnicity, the graduation rate was highest for Asian students 
(74%), followed by White students (64%), students of two or 
more races (60%), Hispanic students (54%), Pacific Islander 
students (51%), Black students (40%), and American Indi-
an/Alaska Native students (39%). For many reasons (e.g., 
lack of finances, resources, connections, role models, lack of 
self-confidence, or cultural barriers), historically marginal-
ized students have significantly lower odds of matriculating 
or persisting in college. However, having a research experi-
ence increases persistence rates and helps develop an iden-
tity as a scientific researcher (Hurtado, 2010). Furthermore, 
studies indicate that the earlier a student is engaged in STEM 
learning, the more likely they are to earn a STEM degree and 
graduate college within six years (Rodenbusch et al., 2016). 
Likewise, having a mentor increases the student’s chances 
of persistence as strong connections with mentors can buffer 
against the departure of historically marginalized students 
from the biomedical career pathway (Freeman et al., 2016).

One strategy to address the oncology workforce short-
age and underrepresentation of minorities in healthcare and 
biomedical science is to develop oncology-specific training 
programs for high school students and encourage histori-
cally marginalized students to pursue cancer-related careers 
(Rookwood et al., 2022). Diversity in the cancer research 
workforce leads to better innovation, cultural sensitivity, and 
inclusiveness (El-Deiry and Giaccone, 2021; Lerman et al., 
2022; Stanford, 2020). Diversity in a cancer research work-
force also means that investigators and research staff may 
be more attuned to the needs of populations that experience 
health disparities, better able to interface and connect with, 
listen, pay attention, and respond to those communities (Re-
search, 2022). Historically marginalized researchers have an 
innate knowledge of a culture and bring unique perspectives 
to addressing health disparities in their communities, and it 
has been demonstrated that physicians from historically mar-
ginalized groups are more likely to practice in underserved 
communities (Salsberg et al., 2021). Diversity in the cancer 
workforce could result in greater access to care for under-
served populations, higher quality care for patients, more 
trusting relationships between patients and providers, more 
timely cancer screening, treatment, and follow-up, and thus 
less morbidity and mortality for those most at risk of expe-
riencing cancer disparities (Hall et al., 2015; Rashied-Henry 
et al., 2012; Stanford, 2020; Winkfield and Gabeau, 2013).

A number of research experience programs exist across 
the U.S. offered by academic institutions that are cancer-

focused and available to high school students (Table 1). 
Part of this was driven by the NCIs Youth Enjoy Science 
(YES) R25 funding mechanism that was issued in 2017 as 
part of the Continuing Umbrella of Research Experiences 
Program. The goal of the YES R25 program is to support 
educational activities for students from diverse backgrounds 
underrepresented in biomedical research that complement 
and/or enhance the training of a workforce to meet the 
nation’s biomedical, behavioral, and clinical research needs; 
primarily through research experiences, curriculum or 
methods development and outreach. Many of these programs 
were highlighted in a Special Issue of the Journal of STEM 
Outreach Vol. 5 Issue 2, 2022. These articles touch on a 
number of best practices for effective research programs, 
including timing of experience (summer vs. school year), 
length of experience (1-10 weeks), residential or non-
residential experience, format (in-person vs. online), target 
audience (middle school – faculty), recruitment strategies, 
engagement strategies, program structure and expectations, 
mentor pairing, partnerships, and assessment strategies and 
tools. 

ACE: A Cancer-Focused Training Program. Herein we 
describe the development, implementation, and successful 
outcomes of the Accelerate Cancer Education (ACE) sum-
mer research program at The University of Kansas Cancer 
Center (KUCC). The ACE program is a cancer-focused sum-
mer research experience program for historically marginal-
ized high school students in the biomedical sciences that is 
centered around three core objectives – Learn, Experience, 
and Connect. The ACE program informs students of the va-
riety of cancer-related careers, equips them with technical, 
professional, and social skills that will prove valuable re-
sources in their transition to college, and encourages them 
to pursue a path towards a cancer-related health career. The 
ACE program offers an educational opportunity for a popu-
lation of students who otherwise would not have easy access 
onto a medical center campus. Thus far, the ACE program 
has trained 37 high school junior and senior students. The 
University of Kansas Medical Center (KUMC) also provides 
observation and hands-on research opportunities through the 
KUMC Educational Experience (KEE) program. However, 
the students must know a faculty member that can sponsor 
their research experience or be a part of a school-endorsed 
program that connects them with a faculty sponsor. Addi-
tionally, the KEE program offers no formal programming, 
time frame, or pay. While KEE provides opportunities for 
many high school and college students in the Kansas City 
metropolitan area, data described herein indicates a struc-
tured education program that intentionally pairs students and 
faculty mentors can have a tremendous impact on building 
student self-efficacy and sense of community. The ACE pro-
gram is a targeted mechanism to increase diversity in the bio-
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medical workforce and provides an important new pathway 
for students to become healthcare professionals equipped to 
address cancer disparities in our communities. 

METHODS
Partnerships. Building partnerships with existing path-
way programs, such as the K-12 Initiative supported by 
the KUMC Office of Diversity and Inclusion (ODI), is 
critical to establishing a new pathway program. The K-12 
Initiative is embedded in the Kansas City, Kansas Public 
School (KCKPS) district and for nearly 25 years has pro-
vided hands-on STEM learning, after school tutoring ser-
vices, small-group labs, exploration of technology and film, 
multi-cultural programming, and gardening programs (Ra-
maswamy et al., 2020). Within this partnership, ACE lead-
ership engages with many students and their families and 
K-12 Initiative leadership helps identify potential program 

participants, steering them through the application process. 
The ACE program is promoted through the K-12 Initiative 
and other pathway partners in the Kansas City metropolitan 
area to ensure students are aware of the research experience 
opportunity. 

Funding and Sustainability. The ACE program has been 
funded by KUCC and private philanthropic foundations, 
such as the Lida L. Moffett Foundation. KUCC has a long-
term commitment to supporting ACE, but continued efforts 
to secure external funding from additional philanthropic 
foundations, the National Institutes of Health, the National 
Science Foundation, and the U.S. Department of Education 
are critical for sustainability. 

Student Selection. The ACE program engages high school 
students from historically marginalized communities within 
Wyandotte County, KS where there are five high schools in 

Institution Program

Case Comprehensive Cancer Center

The Case CCC Youth Enjoy Science program engages middle and high school students and high school teachers from 
the Cleveland Metropolitan and surrounding school districts. The program has three major components: 1) Learn to 
Beat Cancer engaging middle school students and their families; 2) Research to Beat Cancer engaging high school 
and undergraduate students and; 3) Teach to Beat Cancer focused on enhancing STEM teaching capacity of high 
school teachers (Qua, Papp, et al., 2020). This program was supplemented with a near peer mentoring program in 
which Medical Student Training Program (MSTP) students met weekly with small groups of high school students who 
were participating in an intensive summer biomedical research immersion program (Qua, Pinkard, et al., 2020).

Dana-Farber/Harvard Cancer Center
The Young Empowered Scientists for Continued Research Engagement program introduces Massachusetts high 
school and college students from underrepresented populations to cancer research by immersing them in scientific 
and nursing research environments for 8-12 weeks (Michel et al., 2021).

Diné College and Northern Arizona 
University

The Navajo Native American Research Center for Health Partnership created the Indigenous Summer Enhancement 
Program, a 1-week summer training program providing exposure to health careers and mentorship in pursuing public 
health careers for Native American high school students (Dreifuss et al., 2022).

Huntsman Cancer Institute/University of 
Utah Health

PathMaker is a residential summer program that nurtures high school or undergraduate trainees from historically 
underrepresented backgrounds towards a career in cancer research (Lopez et al., 2021).

Indiana University Melvin and Bren 
Simon Comprehensive Cancer Center, 
Indiana University

The Future Scientist Program (FSP), focusing on high school juniors in the Indianapolis Public School district, 
contains a high percentage of disadvantaged students, provides first-hand research experience in cancer, and allows 
students to develop long-term professional relationships with faculty mentors (Corson et al., 2021).

Rutgers Biomedical and Health Sciences
The Rutgers Youth Enjoy Science Program (RUYES) engages high school and undergraduate students from 
underrepresented backgrounds in hands-on, mentored cancer research and professional career development 
activities (Chaudhary, 2022). RUYES also provides curriculum development support to high school science teachers.

University of Chicago Comprehensive 
Cancer Center

The Chicago EYES (Educators and Youth Enjoy Science) program engages high school and undergraduate youth 
with established interest in science but perhaps only vague notions of career opportunities in biomedicine and limited 
access to pertinent guidance and support (Mekinda et al., 2022).

University of Kentucky Markey Cancer 
Center

The Appalachian Career Training in Oncology (ACTION) Program recruits early-career undergraduate and 
high school students from underrepresented, socioeconomically distressed areas of Appalachian Kentucky for 
opportunities to participate in cancer research, clinical shadowing, education and career development, and community 
outreach and engagement activities (Gaines et al., 2021; Parsons et al., 2021). The goal of ACTION is to prepare the 
next generation of Appalachian Kentucky health care providers, researchers, and education specialists and, through 
community engagement, increase cancer awareness and literacy levels in the region (Hanley et al., 2022).

University of Maryland Baltimore

This paper highlights the robust pipeline of training supported by University of Maryland Baltimore (UMB) which 
span middle school through post-graduate education and includes integral summer components (Carey et al., 2022). 
This report focuses on programs that were implemented exclusively during the summer in conjunction with full-time 
training programs. The modification of existing training components and creation of novel research and education 
modules to accommodate an online platform are described.

University of Nebraska Medical Center The UNMC YES Program is focused on enhancing the diversity of the biomedical workforce by offering hands-on, 
cancer-related educational activities and opportunities for Native American high school students (Herek et al., 2019).

University of Pittsburgh Medical School 
Hillman Cancer Center

The UPMC Hillman Cancer Center Summer Academy provides an 8-week cutting edge research and career 
preparatory experiences to a diverse group of highly motivated high school students (primarily rising juniors and 
seniors) who are pursuing higher education and careers in STEM fields, especially research and medicine (Dutta-
Moscato et al., 2014).

Table 1. Summer Programs for High School Students.
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the KCKPS district and where the main campuses of KUMC 
and KUCC are situated. These schools serve a highly diverse 
mix of students. In the 2022-2023 school year, KCKPS had a 
total enrollment of 23,690 students (9% White, 24% Black, 
6% Asian American, 6% Pacific Islander/American Indian/
Native Alaskan, 55% Hispanic). Notably, 93% of students in 
the KCKPS district are eligible for free and reduced priced 
school meals. 

Students interested in participating in the ACE program 
must be currently enrolled at a high school located in Wyan-
dotte County, KS, at least 16 years old at the time the summer 
program begins, legally eligible to work in the U.S., inter-
ested in biomedical science, and have guardian permission. 
The ACE program promotes application materials in early 
spring via an online REDCap form. Basic information and 
demographics are captured. A personal statement describing 
their interest and motivation for participating and a letter 
of reference are required to complete the application. ACE 
leadership works with the K-12 Initiative and other pathway 
programs to select the students by late spring. 

Faculty Selection. Concurrently, KUCC faculty interested 
in hosting a high school student also apply via an online 
REDCap form. Basic information and demographics are col-
lected, along with a brief description of the faculty and a lay 
description of the research project that the student will work 
on. Keywords are captured and later provided to the students 
to use in literature search exercises. Faculty mentors must 
be able to develop an appropriate summer research project 
that will produce data for a poster; attend the closing poster 
forum; and have time dedicated to train the student – or have 
designated students, fellows, or staff to work with the stu-
dent on a day-to-day basis. 

Engagement. An hour-long orientation is held with select-
ed students and parents/guardians where students meet ACE 
leadership and complete required forms. The faculty and 
project descriptions from the faculty applications are pre-
sented, and the students rank their preferences. ACE lead-
ership also holds an hour-long orientation for the selected 
faculty mentors in which they are informed of the program 
structure and expectations. Additionally, faculty mentors are 
provided generational- and cultural-context training. Topics 
include Wyandotte and KCKPS resources and educational 
opportunities, generational differences, cultural awareness, 
and engagement strategies. This training is critical to raise 
self-awareness and receptivity to a younger, diverse trainee 
population. Cultural awareness or competence encompasses 
being aware of one’s own worldview, developing positive at-
titudes towards cultural differences, and gaining knowledge 
of diverse cultural practices and worldviews. As applied to 
mentoring high school students from historically marginal-
ized groups, the concept of cultural awareness involves the 

extent to which faculty mentors are cognizant of how their 
values and biases can influence their perceptions of students, 
including the student’s strengths and weaknesses. Having an 
awareness of generational and cultural differences can help 
mentors develop stronger relationships with students and 
improve student outcomes (Dewsbury, 2017; Pfund et al., 
2022). 

Program Structure. On campus for six weeks, Monday 
– Friday, 30 hours/week, ACE students are paid a $2,600 
stipend, provided transportation and a $10/day lunch card. 
Students must complete all compliance and responsible con-
duct in research training along with any additional Collab-
orative Institutional Training Initiative (CITI) requirements 
that might be relevant to their summer research project. The 
ACE program provides each faculty mentor $1,000 for re-
search expenses. 

ACE students check-in with ACE leadership each morn-
ing where weekly assignments that build towards the final 
poster are discussed, questions can be asked, and issues can 
be addressed. This is also great relationship-building time, 
providing opportunities for engagement with education pro-
grams on campus. Morning check-in times are also used to 
meet with representatives from different education opportu-
nities or career paths at KUMC. On a day-to-day basis, ACE 
students receive direct supervision and guidance from their 
faculty mentor or designated student, fellow or staff mem-
ber who is part of the faculty mentor’s team. ACE students 
and leadership meet for a weekly lunch and learn where top-
ics such as social determinants of cancer or cancer myths 
and misinformation are discussed. Each Friday afternoon, 
ACE students participate in a multi-cultural program offered 
through the K-12 Initiative. This program allows the stu-
dents to teach others about their community and learn about 
other communities represented in their cohort. At the end of 
the summer, the students participate in a multi-cultural event 
in which they have prepared a performance to share with the 
other groups. This event encourages a celebration of diversi-
ty and focuses on the uniqueness of human beings.

Poster Forum. The culminating event for the ACE pro-
gram is a poster forum where students present their research 
projects to their families and communities. ACE leadership 
partners with the Frontiers Clinical and Translation Science 
Institute (UL1TR002366) and the Kansas IDeA Network of 
Biomedical Research Excellence (P20GM103418) programs 
at KUMC to make the poster forum available to any high 
school student that has worked on a research project over 
the summer. The poster forum features oral presentations by 
selected students, poster presentations, and a keynote speak-
er address. It is open to peers, mentors, family, friends, and 
teachers and has been attended by over 200 people. Each 
ACE cohort selects one student to give an oral presentation. 
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programming and if the student receives any scholarships 
or honors. One long-term tracking strategy uses LinkedIn®, 
along with annual surveys and text messaging. Students pre-
fer communicating via text messaging over reading emails 
or responding to phone calls (Purcell, 2011; Taghavi et al., 
2023). Texting is more personalized, helps maintain relation-
ships, and has proven to be a reliable way to stay in touch 
and get updates from former ACE students. 

Measures and Statistical Analysis. To understand whether 
students’ attitudes about research and mentorship evolved 
as a result of their participation in the ACE program, par-
ticipants (N = 37) were surveyed at the beginning and end 
of the program. ACE has had a total of 44 participants, in 
which two students participated in both 2018 and 2019. The 
program was canceled in 2020, and then held virtually for 
seven students in 2021. It should be noted that the seven 
students that participated virtually did not take the pre- and 
post-program surveys as they were not relevant to the virtual 
format. The virtual participants did provide feedback on the 
programming, but the virtual participants were surveyed dif-
ferently than the way in-person participants were surveyed. 
Therefore, the assessments from the virtual participants 
were not included in the presented analysis. Pre-program 
surveys consisted of seven questions, of which five involved 
Likert-style responses: strongly disagree, disagree, agree, 
and strongly agree with statement (Tullis and Albert, 2013). 
Post-program surveys included a more extensive set of ques-
tions, 21 in total, and like the pre-program surveys, the vast 
majority involved Likert-style responses to a statement. Sur-
veys used are included in the Appendix.

All analyses were conducted using R version 4.1.3. Three 
sets of analyses were considered:
1 – Comparison of ACE students’ responses to five ques-
tions that were asked in both the pre-program and post-pro-
gram surveys. To determine if responses to these questions 
changed from pre- to post-program, a series of proportional 
odds mixed effects models were fit to each question individ-
ually. Models were adjusted for participant race and gender. 
The rationale for the selected modeling framework was two-
fold: the ordinal nature of the response data (e.g., strongly 
disagree, disagree, agree, and strongly agree) and the fact 
that responses were collected at multiple time points for each 
participant (e.g., pre- and post-program). Models were fit us-
ing the clmm function in the R-package ordinal (Christensen, 
2019). To determine whether the relationship between stu-
dents’ response to questions 1-5, pre- versus post-program, 
varied among students who participated in ACE before and 
after the COVID-19 pandemic (n=23 pre-COVID-19 and n 
= 14 post-COVID-19), we additionally fit proportional odds 
mixed effects models where we tested the interaction term 
between COVID-19 (before versus after) and the timepoint 

Evaluation and Tracking. The ACE program takes a com-
prehensive approach to evaluation, including measures of 
both short-, mid-, and long-term impact. While there are 
no exact definitions, we have determined short-term to be 
evaluation immediately before and after the program, mid-
term to be evaluation gathered between 1.5-5 years, and 
long-term to be evaluation gather after five years. Short-
term evaluation involved pre-and post-program surveys 
facilitated by REDCap forms to both students and faculty 
to assess changes in program outcomes (see Appendix for 
surveys). The student survey examines students’ knowledge 
of scientific investigation and responsibility, cancer, cancer 
research, and cancer careers; effective communication and 
collaboration strategies; confidence in conducting research; 
working on a research team; networking with professionals; 
and interest in and plans to pursue post-secondary degrees 
and/or research careers. The faculty survey assesses their 
knowledge of high school students’ STEM preparation, cul-
turally competent practices, mentoring strategies, and con-
fidence in mentoring historically marginalized high school 
students. Both surveys include questions about the quali-
ty and usefulness of the summer research experience, and 
networking events to help identify weaknesses and gather 
suggestions for improvement. Additionally, we ask the stu-
dents about their overall interest in cancer research and the 
oncology workforce. Likewise, the pre-program survey for 
faculty includes questions about their previous experience 
with historically marginalized high school students and their 
motivation for participating. Surveys are anonymous.

To evaluate mid-term impact, ACE leadership used a fo-
cus group to gather feedback on the program components 
(summer research experience, tours, and networking events) 
and to gain a deeper understanding of the perceived ben-
efits and challenges of participation. Focus groups are a 
qualitative methodology designed to obtain perceptions on 
a defined area of interest in a permissive, non-threatening 
environment (Stalmeijer et al., 2014). The focus group was 
conducted on January 6, 2020, with ACE students from the 
2018 and 2019 cohorts. Of the 23 ACE students invited, 12 
attended. The focus group was led by two faculty from the 
Biostatistics and Data Science department who also took 
notes along with a KUCC administrator. Focus group partic-
ipants were asked to provide suggestions for improvement 
and lessons learned to help improve the planning and im-
plementation of the ACE program (see Appendix for ques-
tions). Notes were combined and reviewed for common ex-
periences and themes.

While the ACE program is just now to the point to be 
able to evaluate long-term impact, ACE leadership tracks 
each student’s educational progress through high school, 
continued education in two- or four-year college programs, 
and eventual employment in the oncology workforce. We 
also track additional research experiences or educational 
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at which the survey was administered (pre- versus post-pro-
gram). P-values were calculated based on a likelihood ratio 
test and multiple testing adjustment was performed using the 
Benjamini-Hochberg false-discovery rate (FDR). An FDR ≤ 
0.05 was considered statistically significant.

2 – Comparison of ACE student post-program survey re-
sponses to KEE student post participation survey responses. 
The post-program survey was administered to participants 
of the ACE (N=37) and KEE programs (N=31) and consist-
ed of 20 questions with Likert-style responses. To under-
stand if post-program survey responses differed between 
participants of the ACE program versus participants of the 
KEE program, a series of proportional odds models, adjust-
ed for participant race and gender, were fit independently to 
each of the questions (Supplementary Data Items: Student 
Post-Program Survey, Questions 1-20). Models were fit us-
ing the function polr in the R-package MASS (Venables and 
Ripley, 2002). Multiple testing adjustment was performed 
using the Benjamini-Hochberg false-discovery rate (FDR) 
and an FDR of ≤ 0.05 was considered statistically signifi-
cant.

3 – Comparison of ACE students’ pre-and post-program 
survey response to assess change in career interest. 
Participants in the ACE (N=37) responded to the question 
“What career are you interested in?” in both pre- and post-
program surveys. Responses to this question included the 
Health Science Career Clusters from the National Career 
Clusters® Framework (Education, 2012): (1) Biotechnology 
Research and Development, (2) Therapeutic Services, 
(3) Diagnostic Services, (4) Health Informatics, and (5) 
Other. The National Career Clusters® Framework serves 
as an organizing tool for Career Technical Education 
programs and helps learners discover their career interests. 
To examine if responses to this question changed from 
pre- to post-program, an omnibus symmetry test (Smith et 
al., 1996) for a paired contingency tables was conducted 
using the nominalSymmestryTest function in the R-package 
rcompanion (Mangiafico, 2019). The Monte-Carlo based 
p-value was calculated from this test and a nominal P ≤ 0.05 
was considered statistically significant.

RESULTS
Established in 2018, the ACE program was formed 

through a KUCC partnership with the KUMC ODI K-12 Ini-
tiative and has trained a total of 44 participants, in which two 
students participated in both 2018 and 2019 (Table 2). The 
ACE program was canceled in 2020 and held virtually for 
seven students in 2021. As described in the methods section, 
the seven students that participated virtually did not take 
the pre- and post-program surveys as they were not relevant 

to the virtual format. In total, there were 37 in-person ACE 
student participants (65% female, 35% male, 30% Asian, 
30% Black, 43% Hispanic, 14% White). Twenty percent of 
the participants had just completed their junior year in high 
school, and 80% had just graduated from high school. No-
tably, nearly 20% of the ACE students were responsible for 
contributing financially to their household. 

High school junior and senior students selected for the 
ACE program are paid, provided daily transportation and 
lunch, and paired with a faculty mentor to work on a can-
cer-focused research project culminating in an institu-
tion-wide summer high school student poster forum. The 
ACE program aims for students to expand their social and 
professional skills and cultivate a sense of belonging and 
self-efficacy. ACE students tour many facilities on campus, 
learn about the numerous education programs offered at 
KUMC, are exposed to multiple career opportunities (phy-
sicians, nurses, researchers, dieticians, biostatisticians, ra-
diologist, clinical trials staff), and have several networking 
interactions with KUMC faculty, staff, and students includ-
ing representatives from the Schools of Medicine, Nursing, 
and Health Professions. ACE students also participate in a 
multi-cultural event that allows them to learn about the vari-
ous cultures represented within their cohort. 

Since 2018, 28 faculty mentors (54% female, 50% Asian, 
11% Black, 39% White) have hosted an ACE student; seven 
have hosted students more than once. Mentors are Profes-
sors (43%), Associate Professors (25%), Assistant Profes-
sors (25%), or Masters-level research staff (8%). Eighty-one 
percent of the mentors had previously mentored high school 
students, 68% had previously mentored underrepresented 
students, and 95% of the mentors felt they understood how 
to mentor a high school student. ACE mentors are supplied 
funds for research expenses and are provided generational- 
and cultural-context training. The resources provided by the 
ACE program reduce barriers, encourage participation, and 
raise self-awareness and receptivity to a younger, diverse 
trainee population.

ACE leadership was thoughtful and purposeful about se-
lecting faculty with research projects from all types of can-
cer research: basic, clinical, population-based, and transla-
tional. Broadly, ACE students participated in cancer-focused 
research projects in basic biology, genomics, prevention, 
screening, population health, and health disparities (Ta-
ble 3). A pre-program survey question for the ACE men-

2018 13

2019 10

2020 Canceled due to COVID-19

2021 7 - Virtual due to COVID-19

2022 6

2023 8

Table 2. Number of ACE Students by Year.
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tors indicated 100% felt like the research project planned 
was appropriate for a high school student. Overall, 81% of 
ACE mentors indicated they felt students met or exceeded 
their expectations, 84% rated their mentee’s performance as 
average, above average, or excellent, and nearly 40% felt 
that mentoring would continue beyond the 6-week research 
experience. All ACE mentors indicated they would mentor 
another student in another year and would champion the pro-
gram to other faculty.

To assess whether students’ opinions and feelings about 
research and mentorship evolved as a result of their partici-
pation in the ACE program, students were surveyed pre- and 
post- program participation. Pre-program surveys consist-
ed of seven questions, five of which involved Likert-style 
responses: strongly disagree, disagree, agree, and strongly 
agree with statement (Appendix). Students indicated they 
gained a better understanding of how research is done (cu-
mulative OR = 5.93, FDR ≤ 0.05), how to collect scientific 
data (cumulative OR = 9.42, FDR ≤ 0.05), and felt like they 
increased their research skills (cumulative OR = 3.70, FDR 
≤ 0.05) (Figure 1, Panels A, B and C). Change in response 
to these three survey questions is visualized as a heat map 
with the Likert-style responses for the pre-program survey 

on the x-axis and post-program survey on the y-axis. In Fig-
ure 1, panel A, 38% of the students agreed and 19% strongly 
agreed to the statement, ‘I understand how research is done’ 
in both the pre- and post-program survey. However, 38% of 
the students shifted their response in the positive direction 
from the pre-program survey to the post-program survey 
(3% strongly disagreed (pre) to agreed (post), 3% strongly 
disagreed (pre) to strongly agreed (post), and 32% agreed 
(pre) to strongly agreed (post)). In Figure 1, panel B, 11% 
of the students disagreed, 78% agreed and 10% strongly 
agreed to the statement, ‘I understand how to collect sci-
entific data’ in the pre-program survey. In the post-program 
survey, none of the students disagreed, while 56% agreed 
and 43% strongly agreed with this same statement. This 
suggests the over the course of the program, there was an 
improvement in students’ perception of their understanding 
of how to collect scientific data. In Figure 1, panel C, 8% 
of the students disagreed, while 64% and 27% agreed and 
strongly agreed, respectively, to the statement, ‘I have the 
skills to work on a research project’ in the pre-program sur-
vey. In the post-program survey, 46% and 53% of the stu-
dents agreed and strongly agreed, respectively to this same 
statement. This indicates that over the course of the program, 

How does the reward system change in counseling during smoking quit attempts and is there a difference between those who make a quit attempt and those who don’t?

The influence of gastric microbial community on gastric cancer

HPV and cervical cancer: A graphic novel

The effect of BCL9 pharmacological inhibition on DCIS invasive progression

Targeting colon cancer lines HCT116 and SW480 through short chain fatty acid, butyrate

Analysis of genetic differences in the mitochondrial genome pertaining to metastasis

Technology use among head and neck cancer co-survivors

Integrating transcriptome and proteome profiling of plasmodium falciparum using TopS

Determining the expression difference of CD25 mRNA levels in H60a- and H60a+ NK cells

Table 3. Examples of Research Projects.

Figure 1. Change in response of ACE students pre- to post-program. ACE student responses to pre- and post-program survey 
questions 1 (Panel A), 2 (Panel B), and 3 (Panel C) are presented as heat maps with the Likert-style responses for the pre-program 
survey on the x-axis and post-program survey on the y-axis. The values in each box of the heatmap represent the percentage of 
students for a pair of the Likert-style responses. For example, in Panel A, 3% of students strongly disagreed with question 1 in the pre-
program survey, but agreed with it in the post-program survey, which would be a shift in response in the positive direction.
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there was an improvement in the students’ perception of their 
research skills. As the data presented here represent a five-
year period, from 2018 to 2023, during which COVID-19 
fundamentally changed the K-20 education system, we ad-
ditionally investigated whether the relationship between stu-
dents’ response to questions 1-5, pre- versus post-program, 
varied among students who participated in ACE before and 
after the COVID-19 pandemic (n=23 pre-COVID-19 and n 
= 14 post-COVID-19). We did not observe any statistically 
significant differences in the trend of students’ pre- versus 
post-program responses to questions 1-5 between ACE par-
ticipants pre- versus post-COVID-19 (data not shown). 

To determine if ACE students had a change in career as-
pirations over the course of the summer program, students 
were asked in pre- and post-program surveys, “What career 
are you interested in pursuing?” The survey was an open 
text box, and the responses were categorized with the Na-
tional Career Clusters® Framework Health Science Career 
Clusters (Biotechnology Research and Development, Ther-
apeutic Services, Diagnostic Services, Health Informatics, 
or Other). Over the course of six weeks, ACE students did 
not appear to significantly alter their career plans (p-value = 
0.91) (Figure 2). 

To assess the value of structured access and program-
ming, KEE participants were surveyed with the same 
post-program survey (Appendix Items: Student Post-Pro-
gram Survey). KEE participants must know a faculty mem-
ber that can sponsor their research experience or be a part of 
a school endorsed program that connects them with a faculty 
sponsor, and there is no formal programming, time frame, or 

pay for the student or the faculty sponsor. The KEE students 
that were requested to complete the survey were also in high 
school and on the KUMC campus at the same time as the 
ACE students. The KEE cohort was 55% female, 3% trans-
gender male, 26% White, and 74% Asian. Analysis indicates 
there was a significant difference in responses to questions, 
“I felt a part of the KU Medical Center academic communi-
ty” (cumulative OR = 9.46, FDR ≤ 0.05) and “I contributed 
to a development in my research field” (cumulative OR = 
10.86, FDR ≤ 0.05) (Figure 3 and Appendix Data Item: ACE 
vs. KEE Post-Program Survey Analysis). ACE students felt 
more a part of the community and were more likely to feel 
that they contributed to a development in their research field 
as compared to KEE students. We believe the difference in 
responses and demographic makeup of the ACE and KEE 
cohorts demonstrate the need for pathway programs to pro-
vide access for historically marginalized students and that a 
structured program is able to create a sense of community.

To assess the extended impact of participating in the 
ACE program, 2018 and 2019 ACE alumni (23 total) were 
invited for lunch and a focus group on January 6, 2020. This 
event was a fantastic way to reconnect with ACE alumni and 
learn updates, and it allowed students from other summer 
cohorts to meet each other. Twelve ACE alumni were able 
to attend, and the focus group was facilitated by two fac-
ulty members from the KUMC Department of Biostatistics 
and Data Science. Questions (Appendix Data Item: Focus 
Group Questions) included such things as: “What aspect of 
the KUCC ACE program had the most impact on your ex-

Figure 2. Change in career aspirations of ACE students. ACE 
student responses to a pre- and post-program survey question 
about career aspirations are presented as heat maps with Health 
Science Career Clusters indicated on both the x and y axis. The 
values in each box of the heatmap represent the percentage of 
students for a pair of the career clusters. For example, 58% of 
students indicated they had career aspirations in therapeutic 
services in both the pre- and post-program survey. While 3% of 
students indicated a career in therapeutic services pre-program 
and a career in biotechnology research and development in the 
post-survey.

Figure 3. Comparison of ACE and KEE student responses 
to two post-program survey questions. ACE and KEE student 
responses to post-program survey questions are presented as 
doughnut charts. Panel A. Responses to ‘I felt part of the KU 
Medical Center academic community.’ Panel B. Responses to ‘I 
contributed to a development in my research field.’ ACE student 
responses are on the left, KEE student responses are on the right 
in both panels.
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perience – the campus tours, working with your mentor or 
the poster preparation and presentation?”; “What skills and 
knowledge that you gained while in the program, have you 
carried over into college or your career?”; and “Would you 
recommend the ACE program to other potential students?” 
Figure 4 is a word cloud of the most commonly used words 
in the students’ answers. A word cloud is a visual represen-
tation or image of text data, in which the size of the font can 
indicate frequency or importance. Based on the occurrence 
of words like ‘helpful, prepare, opportunity, mentor, think,’ 
we believe students felt their summer research experience 
was an important, helpful step in their education path. 

Longitudinal tracking of ACE student accomplishments 
and career development will continue and contribute to the 
greater understanding of the impact of summer research 
programs on high school student matriculation, persistence, 
and graduation. Thus far, of the 35 students who participat-
ed (two participated twice) in an in-person cancer research 
experience in the ACE program, five (14%) are still in high 
school, 17 (49%) graduated from high school and matricu-
lated on to post-secondary education institutions, 11 (31%) 
have graduated from college, seven of which are pursing ad-
vanced degrees. We do not have information on the remain-
ing two students. 

DISCUSSION
The ACE program centers around three core objectives 

– Learn, Experience, and Connect. Students learn basic can-

cer research knowledge, laboratory skills, and how to de-
velop relationships with faculty mentors. Each student is 
paired with a faculty mentor for a 6-week summer research 
experience and is made aware of the ways cancer research 
can impact their communities. Students are connected with 
a variety of KUMC trainees and oncology researchers 
and healthcare providers to allow them to envision a path 
to pursue their own careers. Faculty mentors develop new 
strategies to mentor and communicate effectively with high 
school students, so they are able to influence lasting academ-
ic success and career advancement. The long-term goals of 
the ACE program are to engage diverse high school students 
and inspire their interest in pursuing a biomedical research 
career in order to impact outcomes in their community and 
beyond. 

Pre- and post-program surveys of participating students 
confirmed that students felt they: 1) gained new knowledge 
about cancer and cancer research; 2) increased their under-
standing of how to collect scientific data; and 3) increased 
their research skills. These three beliefs indicate an increase 
in self-efficacy (Bandura et al.). It has been demonstrated 
that students who have higher self-efficacy are more likely 
to persist in the face of difficulty (Usher and Pajares, 2008; 
Zimmerman, 2000). Importantly, in comparison to students 
who come onto campus through the KEE program, ACE stu-
dents felt valued and a part of the KUMC community. These 
results could be attributed to a number of reasons including 
program structure and expectations, student/mentor interac-
tions, and mentor training. Having a sense of belonging and 
feeling like a welcome and contributing member of an insti-
tution is critical in keeping a student’s interest and is a sig-
nificant predictor of performance and persistence in STEM 
disciplines (Trujillo and Tanner, 2014). 

Pre- and post-program surveys of participating faculty 
mentors indicated that 81% felt that students met or exceed-
ed their expectations and 40% felt that mentoring would con-
tinue beyond the 6-week research experience. Open-ended 
questions for the faculty mentors in the post-program survey 
indicated the vast majority of the faculty wanted the students 
to have more time for research. As a result, in 2019 the ACE 
program expanded from 5 to 6 weeks, and in 2023, four ad-
ditional hours per week were added to the program. Acting 
on feedback is critical in building a culture of continuous 
improvement and ensuring our faculty mentors feel heard 
and supported. The orientation for ACE faculty mentors is 
also a critical component to ensure our faculty understand 
our expectations and feel equipped to mentor a high school 
student. Education programs with mentor training and ex-
pectations achieve better results than those with no structure 
or formalized training (Gandhi and Johnson, 2016). 

The ACE program is the only cancer-focused, hands-
on summer research program offered in the state of Kansas 
and western Missouri and is the only such program for high 

Figure 4. Focus Group Word Cloud. Comments and answers 
from focus group participants were used to generate a word 
cloud.  The size of font indicates the frequency at which those 
terms were used during the focus group.
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school students enriched for historically marginalized com-
munities at KUMC. The ACE program provides a unique ed-
ucational opportunity in the Kansas City metropolitan area 
for a population of students who otherwise would not have 
easy access onto a medical center campus. The Communi-
ty Health Council of Wyandotte County commissioned the 
Kirwan Institute for the Study of Race and Ethnicity at The 
Ohio State University to generate a study, H.E.A.T. (Health 
Equity Action Transformation), which provided a multi-
view perspective of the health issues in Wyandotte Coun-
ty and the greater Kansas City metropolitan area (Norris, 
2016). This report combined 19 indicators for the Kansas 
City metropolitan area into a single, composite Opportuni-
ty Index ranking. These indicators reflected student poverty 
rates, student math/reading proficiency levels, high school 
graduation rates, and other health, environment, social, and 
economic factors. The majority of ACE students come from 
areas with the lowest opportunity rankings in the study. 
We reduce barriers by paying students and providing them 
lunch and transportation. We provide generational and cul-
turally aware training for our mentors so that they feel fully 
equipped to engage with an underrepresented high school 
student. We celebrate the students and their communities 
through the multi-cultural event. Students not only grow 
their technical and professional skills, but also enhance their 
social and cultural awareness while developing self-efficacy 
and long-lasting connections that help them matriculate and 
persist through post-secondary education. The ACE program 
provides a unique educational opportunity for students from 
historically marginalized communities and is a strong ap-
proach to address the lack of educational opportunities, and 
the lack of diversity and personnel shortage in the oncology 
workforce.

Limitations. As with any study, the present study has some 
potential limitations. The first potential limitation is that the 
results presented here were based on a relatively modest 
number of participants. While limited in the number of par-
ticipants, we were still able to conduct meaningful statistical 
analyses and plan to continue the ACE program and grow the 
number of participants. This will not only add power to the 
analyses and conclusions but will allow us to evaluate mid-
term and long-term impact. Long-term impact is a second 
potential limitation. Thus far, the ACE program has engaged 
four in-person cohorts and while short- and mid-term evalu-
ation and tracking are very promising, the long-term impact 
has yet to be fully evaluated. Motivating to pursue the long-
term goals of increased oncology researchers, physicians, 
or staff will need to be monitored closely. A third potential 
limitation is survey design. Pre- and post-program surveys 
for ACE faculty mentors are not designed to assess change 
in behavior or knowledge. Surveys need to be re-evaluated 
and strengthened for the ability to draw more conclusions 

about programmatic impact. Finally, we could not control 
for every factor in comparing the ACE and KEE programs. 
For future comparison, KEE mentors will also be surveyed. 

Lessons Learned. In conclusion, we believe there are six 
areas that should be considered when establishing a summer 
program for historically marginalized high school students: 
1) partner with existing pathway programs to facilitate ac-
cess to students; 2) prepare faculty mentors to work with 
high school students from historically marginalized popula-
tions; 3) create a structured program in which students learn 
about research but also the institution as a whole; 4) reduce 
barriers to encourage participation—pay, transportation, 
lunch; 5) provide an opportunity to showcase the students’ 
work; and 6) collect data and track students to celebrate ac-
complishments and demonstrate impact.
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