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Abstract

In response to the COVID-19 pandemic, a multidisciplinary team at the University of Kentucky developed an interdisciplinary
science, technology, engineering, and mathematics and environmental health unit—the Wastewater Assessment for
Coronavirus in Kentucky: Implementing Enhanced Surveillance Technology (WACKIEST) Unit—for high school students
in summer 2022. This case study outlines the WACKIEST Unit, which focused on wastewater surveillance and COVID-19,
the obstacles faced during development and recruitment, and implementation of the WACKIEST Unit in conjunction with a
rural wastewater surveillance initiative. The unit was implemented in spring 2023 at a rural high school in Kentucky, spanning
12 days and engaging 190 students. Lessons emphasized the importance of wastewater testing in public health decision-
making, particularly in the context of COVID-19. A mobile laboratory provided students with hands-on experience in
conducting preliminary analyses of wastewater, and a field trip to the local wastewater treatment plant allowed them to
observe real-world wastewater management practices. At the unit’s conclusion, students created a public health report
aligned with the Evidence-Informed Decision Making in Public Health model, reinforcing the goal of fostering community
health resilience. The initiative’s success—measured by the unit’s completion and positive feedback from students and
teachers—supports the creation of online modules for broader dissemination. This case study demonstrates how adaptable
interdisciplinary approaches can integrate real-world scientific issues into secondary education, offering valuable insights for
future efforts in public health education.
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The COVID-19 pandemic is an unparalleled global health cri-
sis with dramatic effects on the field of education.! Not only
did the pandemic change how we view learning,? but it also
highlighted the critical need for cultivating public health
awareness in schools.? The pandemic underscored the impor-
tance of scientific literacy,>* emphasizing the need to under-
stand basic science concepts for informed decision-making in
a health crisis.’ The pandemic highlighted how scientific evi-
dence evolves, demonstrating the need for public adaptability
to changing guidelines based on new research.® Additionally,
the pandemic showcased the process of scientific inquiry and
the nature of science, reinforcing the importance of a society
well versed in how science works to effectively respond to
emerging global challenges.®’ The pandemic served as a
reminder of the necessity of ensuring adequate levels of sci-
entific literacy among the general population, who must make
sense of and act on highly technical information in a short

time frame. Critically, scientific literacy has been found to
protect against COVID-19 conspiracy theories, further con-
firming the need to build this protective capacity to ensure
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evidence-based decisions. As public health researchers and
practitioners develop health communication campaigns to
combat misinformation and disinformation,®° classrooms
provide an ideal setting for teaching key public health con-
cepts that can protect against erroneous information. '%!!

The Wastewater Assessment for Coronavirus in Ken-
tucky: Implementing Enhanced Surveillance Technology
(WACKIEST) initiative is a critical effort to advance the sur-
veillance of SARS-CoV-2 in Kentucky, with an emphasis on
rural communities where access to COVID-19 testing is lim-
ited.'>!® The initiative had 2 objectives: (1) developing next-
generation technology to streamline wastewater testing for
widespread use and (2) implementing a SARS-CoV-2 waste-
water surveillance network in rural Kentucky. Through a
partnership with the University of Kentucky’s science, tech-
nology, engineering, and mathematics (STEM) education
department, our team added science education tailored to the
local context.'* This effort led to the development of the
WACKIEST Unit, an instructional module designed to inte-
grate public health lessons with science education in a way
that addresses the unique challenges and opportunities in
these communities.

Purpose

We describe the development, recruitment, and implementa-
tion of the first year of an interdisciplinary STEM unit related
to viruses, COVID-19, and wastewater at a rural high school
in Kentucky. We examine the barriers in implementation that
delayed initial implementation, the challenges encountered,
and the solutions devised. We also discuss considerations for
others looking to adopt similar approaches, and we outline
plans for future improvements.

Methods

Development of the WACKIEST Unit

In early 2021 and shortly after the onset of the COVID-19
pandemic, our initiative aimed to effectively integrate pan-
demic-related activities into science classrooms. Our
approach aligned with broader educational trends that incor-
porated socioscientific issues such as the pandemic into
STEM curricula.'>!'® Collaborating with a group of experts,
we focused on developing instructional material that not
only included scientific knowledge about COVID-19 but
also aimed to foster a deeper understanding of public health
among students. We started by examining the Kentucky
Academic Standards for Science,!” which are adopted from
the Next Generation Science Standards 18 (NGSS).!® The
NGSS are research-based standards that structure science
education to engage students from kindergarten through 12th
grade and prepare them for future challenges.'® This exami-
nation served as the foundation of our interdisciplinary col-
laboration, which involved members from the College of

Education, College of Engineering, College of Medicine,
College of Public Health, and various community partners.

We developed a STEM unit focused on wastewater surveil-
lance and COVID-19, with the goal of promoting public health
awareness. The unit comprised 6 lessons tailored for high
school students in socioeconomically disadvantaged areas of
rural Kentucky. The unit lessons and activities were contextu-
alized with real data and local examples, ensuring that topics,
particularly wastewater management, were directly related to
the community with which the students were familiar.

The WACKIEST Unit: Sequencing and Integrating
Lessons

Testing wastewater for SARS-CoV-2 presence was the unit’s
overarching theme. To align this theme with the typical sci-
ence classroom curriculum, we identified key content from
selected science standards. We sequenced lessons to align
with this focus. Building on relevant and current evidence
related to viruses, wastewater testing, public health, and envi-
ronmental education, we used inquiry-driven questions to
guide the curriculum. We used this approach to give students
the opportunity to investigate and build their knowledge
through science and engineering practices, such as develop-
ing and using models and analyzing and interpreting data. We
aimed to engage and empower students to take ownership of
their learning by fostering coherence from their viewpoints.
Coherence emerges when students perceive their scientific
endeavors as contributing to the exploration of questions and
challenges that their classroom community is dedicated to
addressing, rather than simply following instructions from
textbooks or teachers.!® To cultivate this type of coherence,
we used an instructional model known as storylines.!” The
storyline approach incorporates design principles aimed at
involving students in real-life events and problems and
encouraging them to generate their own inquiries. Teachers,
supported by curriculum materials, can use these inquiries to
guide the progression of their sense making."’

Content Progression and Hands-on Learning

The content progression for the unit begins with a general
introduction in lesson 1 on viruses and the characteristics of
life, which includes discussions on living and nonliving con-
cepts (Figure 1). Lesson 2 introduces coronaviruses, with an
emphasis on COVID-19, and compares it with seasonal
influenza. The storyline continues with lesson 3 on how
viruses spread in populations by modeling and illustrating
viral replication. Lesson 4 is an introduction to wastewater,
wastewater testing, and water quality. The unit includes
activities that allow for hands-on learning opportunities,
such as testing water quality and analyzing real wastewater
testing data (lesson 4), touring a community wastewater
treatment plant and exploring careers in STEM (lesson 5),



Alameh et al

How can Wastewater Testing Help Keep Our Communities Safe?

Phenomenon-driven questions
(make use of 3Cs?)

Investigate and build knowledge through
practices (SEPs®)

L —

Tracking COVID-19 Through Wastewater

Incrementally build models that explain
phenomenon (link to DCIs¢)

Is it living or nonliving?

Given valid and reliable evidence, students
construct explanations whether or not
viruses are living.

Most biologists consider viruses nonliving.

Is COVID-19 “just” the flu?

Given evidence, students make a claim
that coronaviruses are different from and
similar to other viruses that can cause
illness.

Learn what caused the COVID-19 pandemic and
recommend strategies for preventing its spread.

What influences viral spread in the
community?

Use mathematical representations to
analyze viral infection stages and predict
its spread in populations.

Using ecosystem dynamics, model how resources and
population changes influence viral spread.

How safe is this water?
(What can we learn about wastewater)

Compare the quality of water samples to
determine which are safe to use.

Describe how wastewater is managed in different
communities. Viral detection to help learn about viral
spread in the community.

'Y YaYaYERY

How can wastewater testing data be used
to inform public health decisions in my

Explain the types of information used in
evidence-based decision-making in public
health.

Prepare a report describing what COVID-19 is and
how wastewater testing can inform public health.

community?

Figure |. A storyline of the Wastewater Assessment for Coronavirus in Kentucky: Implementing Enhanced Surveillance Technology
(WACKIEST) Unit, developed in summer 2022 by a multidisciplinary team of experts at the University of Kentucky for high school
students in rural settings.
2 Cross-cutting concepts (3Cs) in the Next Generation Science Standards (NGSS) refer to the ways that scientists and engineers advance their thinking.'*
® Science and engineering practices (SEPs) in the NGSS include practices of science and engineering that are essential for all students to learn.'*

< Disciplinary core ideas (DClIs) in the NGSS refer to the fundamental ideas that are necessary for understanding a given science discipline.'*

Figure 2. The mobile laboratory at a high school in south-
central Kentucky, demonstrating on-site pathogen analysis

capabilities and providing hands-on learning experiences

for students as part of the WACKIEST Unit—Wastewater
Assessment for Coronavirus in Kentucky: Implementing Enhanced
Surveillance Technology. The 2-week unit in public health and
STEM (science, technology, engineering, and math), developed

in summer 2022 by a multidisciplinary team of experts at the
University of Kentucky, provided hands-on learning experiences
and demonstrated on-site pathogen analysis capabilities to

enhance students’ understanding of public health.

and developing a public health report (lesson 6). A distinc-
tive feature of the unit is the inclusion of a mobile laboratory
housed in a molecular biology laboratory in a Ford Transit
van (Figure 2). This mobile laboratory is capable of perform-
ing pathogen analysis of wastewater within 1 to 2 hours in
remote or rural locations. The unit incorporates a simplified
testing protocol derived from the original procedure, which
is tailored for high school students to conduct preliminary
analyses of contrived wastewater.

Unit Review and Refinement

Content experts from various disciplines reviewed the con-
tent for each lesson for accuracy and alignment with NGSS.
The education team revised the lessons based on this feed-
back to ensure that they were accurate, current, and aligned
with NGSS standards. In addition, 4 in-service middle and
high school teachers who were experienced in NGSS
reviewed the unit using the EQuIP rubric (Educators
Evaluating the Quality of Instructional Products).?’ This
rubric provided a structured framework for offering crite-
rion-based feedback, which was instrumental in refining the
lessons. The review process concluded in June 2022. We
obtained institutional review board approval from the
University of Kentucky and began the recruitment process.
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Recruitment Plans and Implementation
Challenges

One of our plans for effective implementation of the
WACKIEST Unit was to collaborate with partners from the
wider public health system,?! such as wastewater manage-
ment and public schools, to promote awareness about
COVID-19 and wastewater testing technology in rural popu-
lations. Such partnerships can be particularly important in
nonmetropolitan communities where public health resources
are stretched in ways that can constrain local agencies’ health
communication efforts.?? Despite thorough planning, our
recruitment and implementation plans faced some barriers,
which are detailed hereinafter.

School/teacher recruitment. Our study initially targeted schools
in 6 counties of rural eastern Kentucky where the team was
conducting wastewater surveillance. However, the initial
response from schools in these counties was limited. Some
administrators showed reluctance, concerned that their teach-
ers already had too much to handle in the postpandemic period.
Three schools initially consented to participate in the pilot
study but later postponed or declined. As a result, our team
broadened the scope to include any middle school and/or high
school in rural Kentucky. Expanding our focus to encompass
any middle school and/or high school in rural Kentucky sub-
stantially improved our school recruitment efforts.

Time constraints. The postpandemic academic environment
presented unique challenges related to time. Teachers and
students, already burdened with catching up on education
gaps caused by the pandemic, found accommodation of addi-
tional content to be challenging. These challenges led to
scheduling conflicts and strained the capacity to integrate a
new unit into an existing curriculum. To minimize teachers’
time commitment, we offered to coteach some of the lessons,
and we facilitated the unit activities. Doing so not only eased
time constraints but also offered students direct interaction
with experts.

Natural disasters. In 2022, a series of floods in Eastern Ken-
tucky disrupted communities and damaged educational
infrastructure, which had a substantial effect on schools that
had initially shown interest in participating. The aftermath of
the flood also highlighted the vulnerability of rural education
systems to natural disasters, which influenced our strategies
in managing time constraints and recruitment efforts. Inter-
estingly, the 2023-2026 National Health Security Strategy?*
emphasizes the need to plan for concurrent health emergen-
cies. Our experiences of simultaneously building a pan-
demic-focused curriculum while adapting to flood-related
disruptions in our initial partner counties reinforced the need
for building adaptive capacity into educational approaches.
Our experience also underscored the need for integrating
real-life events into the science curriculum to better prepare
students for emerging challenges.

Responding to Challenges

The process of responding to challenges was multifaceted.
Ongoing dialogue among the interdisciplinary research team
and iterative feedback mechanisms involving our project
partners, including school teachers, primarily drove the iden-
tification of these challenges. These discussions were formal
and informal, occurring throughout the implementation
phase of the project. The research team held regular debrief-
ing sessions to reflect on project progress and to discuss pre-
liminary observations. These sessions provided a platform
for identifying immediate challenges and strategizing adjust-
ments to our approach. Furthermore, feedback from teachers
who were directly involved in delivering the activities played
a crucial role. Their insight into student engagement and
understanding was invaluable for identifying pedagogic and
content-specific challenges. In addressing each barrier, we
also found that solutions to one challenge often helped miti-
gate other challenges, leading to a more effective overall
problem-solving approach. Following our recruitment efforts
that started in 2022, we ultimately achieved a successful
implementation at the first school in spring 2023.

Outcomes
WACKIEST Unit Implementation

The unit implementation took place in spring 2023 at a rural
high school in south-central Kentucky. A total of 791 stu-
dents are enrolled in the school, and a substantial percentage
of students are economically disadvantaged; about 14% of
students are in a racial and ethnic minority group. The
WACKIEST Unit spanned 12 school days, with each lesson
structured to take 1 or 2 days. Supervised by 3 high school
biology teachers, the unit engaged 190 students across 9
biology sections.

Implementation Overview

Implementation of the WACKIEST Unit involved multiple
strategic components designed to maximize the educational
impact and ensure a seamless integration into the existing
school curriculum.

Team support. Implementation of the WACKIEST Unit was
characterized by high involvement from the WACKIEST
team, which comprised project scientists, field technicians,
and STEM educators. The WACKIEST team played a crucial
role in supporting teachers and students. University research-
ers provided lesson plans and materials and cotaught activi-
ties, including the use of the mobile laboratory (Figure 2),
which enriched the student experience and reduced the work
burden on teachers.

Teacher training. In preparation for the unit, the WACKIEST
team facilitated a full-day professional development workshop
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Figure 3. High school students from south-central Kentucky
visiting a community wastewater treatment plant during a spring
2023 field trip as part of the WACKIEST Unit—Wastewater
Assessment for Coronavirus in Kentucky: Implementing
Enhanced Surveillance Technology. This visit, organized by a
multidisciplinary team from the University of Kentucky, illustrated
real-world applications of wastewater management and public
health, connecting classroom learning with community-based
environmental science practices.

for teachers on the university campus. This workshop was
essential in equipping teachers with the content knowledge and
pedagogical strategies needed to deliver the unit effectively.
Teachers also had the opportunity to tour the WACKIEST labo-
ratory and the mobile laboratory, which allowed them to famil-
iarize themselves with the equipment and procedures that
would be used in the classroom.

Community partnerships. Another key component of the
implementation was the collaboration with local community
wastewater treatment plants. The WACKIEST team worked
closely with these facilities to customize the lessons on
wastewater testing, ensuring that they reflected the processes
and challenges faced by the community. As part of this col-
laboration, students participated in field trips to wastewater
treatment plants (Figure 3), where they observed real-world
applications of their classroom learning. This partnership
exposed students to potential STEM careers in their commu-
nities, such as those within wastewater treatment plants and
with the US Environmental Protection Agency.

Public health focus. The unit’s lessons were designed to
underscore the importance of wastewater testing in public
health decision-making, especially in the context of
COVID-19. The culmination of the unit was a project that
required students to create a public health report by apply-
ing the knowledge that they had acquired to real-world
scenarios. This project was crucial in helping students
understand how scientific data, such as data obtained from
wastewater testing, inform public health policies and

Figure 4. Participants in the Girls’ Science Day 2024 camp
hosted by Mzuzu University in Malawi, Africa, engaging with the
WACKIEST Unit—Wastewater Assessment for Coronavirus

in Kentucky: Implementing Enhanced Surveillance Technology.
This adaptation of the unit, designed by a multidisciplinary team
at the University of Kentucky, focuses on wastewater-based
epidemiology, sanitation, and career promotion in STEM (science,
technology, engineering, and math). Culturally relevant activities
were aimed at empowering young female students in low-
resource rural settings to connect scientific concepts with their
community’s public health needs.

actions. The unit aligned with the Evidence-Informed
Decision Making in Public Health model,>* which empha-
sizes the role of scientific evidence in shaping effective
public health strategies. By engaging students in this pro-
cess, the unit not only enhanced its understanding of public
health but also contributed to the WACKIEST Unit’s
broader goal of fostering community health resilience
through education.

Conclusion and Future Plans

Access to resources such as the mobile laboratory, strong
partnerships with local community organizations (eg, waste-
water treatment plants), and the support of teachers were all
key factors in the successful implementation of the
WACKIEST Unit. These strategies enhanced educational
outcomes and fostered meaningful connections between stu-
dents and their communities, making science education rel-
evant and impactful.

Since spring 2023, our unit has been implemented in 2
additional schools, and we are translating materials into
Spanish. We have also adapted activities for a Girls’ Science
Day camp in Malawi, Africa, focusing on wastewater, sanita-
tion, and promotion of STEM carcers (Figure 4).
Implementation of the WACKIEST Unit identified 3 ele-
ments that were critical to the program’s success: resource
adaptability, tailored educational content, and interdisciplin-
ary collaboration.
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A major takeaway from our experience is the importance
of adaptability in educational resources. The lack of access to
specialized equipment, such as our mobile laboratory, in
most schools led us to create a simplified testing protocol
suitable for high school environments. We have also docu-
mented this protocol through images and videos from our
mobile laboratory, making these resources available for
teachers and students. Building strong partnerships with
local communities while tailoring educational content to
meet the needs of each community has proven invaluable. As
we move forward, we plan to enhance our partnerships with
more school districts—rural and urban—to make our unit
applicable to various community contexts, fostering a
broader and more inclusive community of learning.

The interdisciplinary approach that we adopted has been
indispensable. By bringing together diverse expertise and
viewpoints, we were able to design, implement, and assess
our unit effectively, setting a standard for future educational
projects. In the future, we plan to develop interactive online
modules, including laboratory simulations based on our
wastewater testing protocol, to connect theoretical knowl-
edge with real-world applications. These modules will be
designed for middle and high school students and will
include real-time data to further enrich students’ learning
experiences. Such innovations will improve our ability to
scale the curriculum beyond Kentucky to reach additional
schools and settings worldwide.
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