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ABSTRACT !

Health informatics as a topic is rarely introduced to
middle school students due to their age and insufficient
background knowledge in computing and healthcare. At
the same time, it has been observed that many students
have lost interest in science and technology when they
reach high school. Funded by the NIH AIM-AHEAD
initiative, we embarked on a project to create a health
informatics after-school initiative focused on Al. We
recognize that students who identify as racial or ethnic
minorities are less likely to be introduced to and less
prepared for a range of STEM-H careers. Limited
diversity in the life sciences and health professions has
significant consequences for access to healthcare services.
Preparing diverse students for the future "digitally
proficient” healthcare workforce is fundamental to
addressing health disparities, increasing cross-cultural
communication, and positively impacting health equity.
We acknowledge that students are more likely to thrive
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academically in areas of STEM- H when they have access
to instructors from diverse races, ethnicities, and
backgrounds who understand their experiences and
perspectives.

Keywords: Health informatics education, middle
schoolers, Al, healthcare, disparity, digitally proficient.

1. INTRODUCTION

The overall approach of our project is focused on
transforming student lives and increasing diversity in the
digitally proficient healthcare workforce. According to
one study, women make up 15% of Al researchers at
Facebook and 10% at Google [1]. It has also been reported
that less than 3% of workers at technology companies are
Black [2]. The healthcare workforce also faces challenges:
A cross-sectional study using data from the 2019
American Community Survey (ACS) to compare the
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diversity of 10 healthcare occupations (advanced practice
registered nurses, dentists, occupational therapists,
pharmacists, physical therapists, physician assistants,
physicians, registered nurses, respiratory therapists, and
speech-language pathologists) reported that Blacks and
Hispanics are underrepresented in these occupations that
have higher education requirements [3]. On the surface,
Asians are overrepresented in many technology and
healthcare fields. Studies, however, revealed strong
discrimination against Asian workers. For example,
among all races and ethnicities, Asians are most likely to
be hired by a technology company and are the least likely
to be promoted to senior leadership positions and receive
lower performance ratings [4].

Diversity also goes beyond race and gender [5]. Young
people from immigrant backgrounds, speaking English as
a second language, growing up in low-income
neighborhoods, etc., are disadvantaged when it comes to
early exposure to advanced technology fields such as Al
Our project aims to provide a solution to this problem by
bringing Al in a medical training program to a diverse
group of middle school students in the form of AIM-
AHEAD after-school clubs using a state-of-the-art mobile
classroom.

Theorem/Proof/Lemma: The pilot objective
is promoting diversity, equity, and inclusion in
healthcare and informatics education. Students in US
schools are becoming increasingly racially and ethnically
diverse as a group; teachers and school leaders, for the
most part, do not reflect this diversity [6]. To address the
unique needs of students, our project is guided by the
Culturally Responsive Teaching (CRT) model, an
approach to teaching based on the idea that students learn
best when their cultural backgrounds and experiences are
taken into account. It is a student-centered approach
focused on building relationships, creating a safe and
supportive learning environment, and engaging students
in meaningful learning experiences. CRT also
emphasizes the importance of intrinsic motivation, the
idea that students are more likely to be successful when
they are motivated by their own interests and curiosity [7].

Our overarching hypothesis is that personalized and
representative informatics will increase children’s
knowledge, interest, and future participation in a STEM-
H workforce (Figure 1).
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Figure 1: Conceptual framework for diversified Al-focused medical training program for middle school students.
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The pilot target population is Alexandria City Public
Schools (ACPS) in Virginia, serving more than 15,700
students who hail from more than 119 countries and speak
124 languages. ACPS has 18 schools, including two
middle schools (6-8 grade), two K- 8 schools, one pre-K
school, and the internationally recognized Alexandria
City High School. Middle school challenges include
providing students access to advanced technology
resources, such as Al, and providing early exposure to
technology to enhance learning experiences. Introducing
this technology allows students the ability to apply,
evaluate, and improve their skills in a controlled learning
environment, without the risk of real-world
consequences. Created learning scenarios are repeatable
to allow students to improve performance through
carefully analyzing mistakes and being free to make
them without real-world risks. The immersive nature of
our approach adds an experiential and spatial component
that helps learners to retain information.

The after-school STEM-H programming is an effort to
provide students with hands-on collaborative interactive
activities to learn the basics of health informatics,
computing, and Al.

2. BIG DATA APPROACH TO HEALTH
INFORMATICS EDUCATION IN CHILDREN AND
ADOLESCENTS

The AIM-AHEAD after-school club takes place in the
Immersive Learning Center (Figures 2 and 3) and has 3
key components:

Figure 2: Sixth- and seventh-grade students are learning
about health informatics in the Immersive Learning Center.
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Figure 3: The Immersive Learning Center.

I. Mini “Tech Talks” on Al in medicine

We recruited a wide range of speakers from pioneers in
Al in medicine and health informatics experts who are
developing cutting-edge solutions in academia and
industry to middle- high- school/college students who are
learning about Al. We asked each speaker to record a 15—
20-minute talk to inspire students with a focus on Al
applications rather than the technical details of
methodology. By providing concrete and compelling
examples of Al applications that have an impact on
health and healthcare, we hope to introduce the field of
Al and health informatics as both exciting and important.

One example of a “Tech Talk” is a lesson by Marius
George Linguraru, DPhil, MA, MSc, Children’s National
Hospital/The George Washington University, on the uses
of advanced Al in facial recognition for early detection
of Down syndrome in diverse populations and in
developing countries. Image recognition is a powerful
technology with significant implications in everyday life.
Al image recognition picks up hidden patterns, even
those not apparent to the human eye (Figure 4). While the
technology is sophisticated, even middle school students
can appreciate the disparity problem and the benefit of
image recognition solutions.

Figure 4: Dr. Marius George Linguraru of Children’s
National Hospital/The George Washinﬁton University

gave a “Tech Talk” on “Al for Chil
Diseases.”

ren with Rare
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II. Hands-on programming using Lego Robots

Since most of our ACPS middle school population is
students from diverse backgrounds with no prior exposure
to programming, we decided to teach programming using
Lego Inventor Robot in an after-school club for 6-8th
grade students. Considering the limited classroom time,
we recruited a team of middle and high school students to
pre-assemble the robots, allowing the after-school
participants to jump into the programming components
directly. There were four after-school 6-8th grade student
clubs, with 12-26 students participating in each club.
(Figures 5 and 6).

The first part of the programming lessons is focused on the
basic commands, control structures, use of variables, and
sensors. The second part dives into machine learning. The
lessons give students an opportunity to experiment with
learning from audio and visual data. The students are also
able to use the trained model to make the robots more
“intelligent.”

Figure 5: Students building and programming Lego
robots.

Figure 6: Students in middle school after-school club
using code to control the Lego robots.
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III. Experiment with big, real word healthcare
data in a “Teens Like Me” app

To introduce the middle school students to big data in
healthcare, we curated two adolescent-focused datasets
using the Cerner Real World Data (RWD) and the
National Health and Nutrition Examination Survey
(NHANES) (Table 1). We have experience working with
both datasets. RWD is a huge, national electronic health
record (EHR) dataset from more than 100 healthcare
facilities across the US [8]. As its name suggests, it
contains valuable real world clinical data that can be used
to demonstrate the power of Al. NHANES, on the other
hand, is a yearly survey conducted by the US Centers for
Disease Control (CDC). NHANES collects cross-
sectional data from a nationally representative sample,
while over-samples certain minority groups [9]. We
identified subjects in their teens from both datasets, to
allow the “like me” analyses that are more relatable for
the students. One analysis we have conducted is to
characterize the nutrient patterns of food items in
adolescent diets using data from a novel citizen science
project we have previously carried out with the ACPS and
the NHANES. In this analysis, we used two different
unsupervised learning methods to discover the common
nutrient profiles of food items consumed by teenagers and
visualized the deficiencies and excesses according to the
FDA-recommended daily values (DV) [10] (Figure 7).

Table 1: The demographic characteristics of the CDW
and NHANES datasets.

Cerner CDW
(N=1,450,782)
Mean/N

NHANES
(N=7,110)
Mean/N
Age

14.74 15.4

Gender

Female 673,417 3,460
Male 776,482 3,650
Unknown 883 0

Race

White American 904,844
African 184,865 1,752
American ’ ’
Asian 28,643 N/A
Others 0 965
Unknown 196,032
Ethnicity
Non-Hispanics 967,974
Hispanics 308,496 2,359
VOLUME 21 - NUMBER 2 - YEAR 2023 ISSN: 1690-4524



% of DV

Cluster Size Energy Protein Total Lipid Carbohydrates Dietary Fiber Total Sugars Calcium Iron Potassium Sodium Cholesterol

K-Means  28%
16%
14%
14%
11%
7%
5%
4%
<1%

Cluster Size Energy Protein Total Lipid Carbohydrates Dietary Fiber Total Sugars Calcium Iron Potassium Sodium Cholesterol

GMM 32%
21%
11%

10%
8%
8%
6%

3%
1%

Figure 7: This figure shows the nutrient profiles of 9 clusters of food items generated using two different methods (K-Means
and GMM). It suggests that the largest clusters are low in many nutrients, with sugar and protein being the exceptions when

compared to the DV.

Given that most students do not have the level of
programming skills to train realistic machine learning
models, we’ve created a “Teens Like Me” app to allow
the students to experiment with risk prediction models.
The user-friendly app serves as an alternative to more
complex programming languages such as R or Python. It
allows students to dive into unsupervised learning
analyses of the nutrients’ datasets and observe the effect
of using different clustering methods and varying the
number of clusters.

Developed by the George Washington University
Biomedical Informatics Center, this app offers students a
practical opportunity to gain hands-on experience with
predictive modeling techniques (Figure 8). In its current
version, the app enables students to experiment with
fundamental machine learning models, such as linear
regression, logistic regression, and random forest models.
These models are applied to predict the user’s Body Mass
Index (BMI) and their overall satisfaction with their
health. Furthermore, students have the flexibility to
customize these models for different sample sizes. This
hands-on experience reinforces the essential concept
model performance generally improves with larger

ISSN: 1690-4524

datasets, highlighting the significance of data quantity in
modeling.

Demographic
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Figure 8: Teens Like Me app images

Evaluation results: Both students and teachers
were asked to participate in a brief survey in order to gain
valuable insights into their overall experiences of the
after-school club. A sample of 29 students and 9 teachers
provided responses, contributing to the analysis and
findings. The survey results for the students indicate a
high level of satisfaction with the activities with 94%
expressing satisfaction and 100% expressing a likelihood
to revisit the club. In terms of overall satisfaction, 38%
rated it as excellent, and 42% as very good. Among the
nine teacher respondents, 100% expressed satisfaction
with the activities, with 75% very likely to revisit. 56%
rated overall satisfaction as excellent, and 44% as very
good. All teachers (100%) felt strongly comfortable with
technology, and all agreed that technology improved their
interest in activities and educational content. Valuable
feedback from teachers highlighted the need for more time
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and increased availability of technology resources.
Overall, the feedback affirms the success of the after-
school club in engaging and enhancing the educational
experience for students.

3. DISCUSSION POINT: PM METHODOLOGY OF
HEALTH INFORMATICS EDUCATION FOR
MIDDLE SCHOOL LEARNERS

The development of Al-based technologies calls for a new
social contract between the computer sciences (CS)
community, encompassing information technologies
(ITs), information and communication technologists
(ICTs), and programmers — often referred to as IT
specialists. This agreement must also involve digital society
stakeholders to be successful with adolescents, most of
whom have been immersed in computer-mediated
interactions since early childhood. Traditional education
is transformed by new learning practices focusing not
only on knowledge acquisition, but efficient knowledge
implementation expressed through learning and
professional competencies. In our pilot, 6-8" grade
students from diverse backgrounds and knowledge levels
joined the after-school club to learn more about health
informatics (Figure 9).

An important part of the after-school club was to give
students the chance to have hands-on learning
experiences with health informatics. A unique
combination of this technology promotes interactivity,
and engagement, allowing students to enhance critical
thinking and communication skills, team building and
collaboration, and technical knowledge. The cumulative
learning outcomes can be defined in our conceptual
framework as generalized intellectual capital in education
(InCEP), expressed through an algorithm comprising four
different  factors: ethical reasoning, academic

achievements, coping with complex school-bound
activities and related everyday life situations, and, most
importantly, digital proficiency. It is hypothesized that
InCEP has a direct impact on the learning competencies of
students, warranting future successful management of
professional and life challenges [11].

Figure 9: 8" grade students participating in the after-
school program in the Immersive Learning Center.
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Our conceptual framework recognizes certain limitations
of the approach undertaken. Teaching and learning health
informatics is challenging in the middle school 6-8th
grades. Both teachers and students require a great deal of
support.

We recognize that youth who identify as racial or ethnic
minorities are less likely to be exposed to and less
prepared for a range of STEM-H careers. Limited
diversity in the life sciences and health professions has
significant consequences for access to healthcare services.
Preparing diverse students for the future digitally
proficient healthcare workforce is fundamental to
addressing health disparities, increasing cross-cultural
communication, and positively impacting health equity.
We acknowledge that students are more likely to thrive
academically in areas of STEM-H when they have access
to instructors from diverse races, ethnicities, and
backgrounds who understand their experiences and
perspectives.

The proposed Al curriculum framework for middle
schoolers addresses the existing gap in teaching digital
core competencies as an integrated discipline for middle
school students. Education through children-centered
health informatics focuses on providing a methodology
and metrics for aligning Al-based technologies with
school values and enhancing primary education with
research and development components across traditional
and innovative teaching disciplines.

The process of piloting and expanding initiatives like this
is challenging. However, educating diverse students for
careers in health informatics is fundamental to addressing
disparities in healthcare, increasing cross-cultural
communication, and positively impacting equity in health
career pathways. Ultimately, to achieve change and to
prepare a diverse healthcare workforce, ongoing
commitments from secondary and higher education, as
well as community collaborations are required. We will
continue to work closely with teachers, leadership, and
community partners to ensure that our middle school after-
school programs have the support needed to take root and
thrive. We are also planning to create an online
curriculum that can be shared with other school districts.
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