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Synopsis
Data for Healthy Communities (DHC) is a 15-hour high school
project that uses spreadsheets and public data to provide an
accessible introduction to data science in the broader context of
decision making for complex societal problems. Students work
with real-world government data in the context of public health
and will learn how to use data as evidence to support an
argument for investment in their local communities. The no-
code interface of spreadsheet software allows students to
explore basic computing concepts such as variables and
functions while engaging with authentic public health
challenges like air quality, health inequity, and environmental
burden. The intention is to lower the barrier for students’ first
introduction to computing and to present options for embedding
data science education in a wider variety of curricular areas.
The project is scaffolded by skill-building modules that use a
mix of lectures, class demonstrations, and labs to guide students
through exploring, analyzing, and visualizing data to make an
argument. Students then apply these skills in a team-based
activity that challenges them to use real neighborhood-level
community indicators to create a structured presentation to a
city council to advocate for community investment. After the
student presentations, it is recommended to hold a class
discussion to highlight the complexity of real-world problems
where there is no one right answer. Rather, complex problems
often require teams to consider several factors to build an
argument for a proposed solution.
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1 Engagement Highlights

DHC wuses multiple engagement strategies to increase
participation in computing among high school students.
Underpinning all of these practices is the decision to develop
lessons that are entirely spreadsheet-based. This lowers the
technological barrier to engagement for both students and
teachers, allowing the activities to be integrated across the high
school curriculum.

In addition to the use of spreadsheets, all four of the
engagement practices under the NCWIT framework principle
“Make It Matter” are incorporated in the design, as described
below.

1.1 Make Interdisciplinary Connections

to CS

DHC centers on public health challenges that are relevant to
environmental science, civics, and healthcare. This breadth
creates engagement opportunities for students with a variety of
personal and professional interests while also creating multiple
avenues for incorporation into existing courses.

1.2 Address Misconceptions about the
Field of CS

DHC contextualizes data science as a problem-solving tool that
can be used to create public interest technology (PIT) solutions.
PIT is an emerging field focused on the thoughtful application
of technology in the service of public good [8]. This context
enables students to see how data science concepts are relevant
to all professions, including public service roles that are not
historically associated with computing.

1.3 Use Meaningful and Relevant
Content

DHC activities use granular sources of public data that empower
students to learn about their communities at the neighborhood-
level. Students are then challenged to use this data to make
evidence-based arguments for local community investment.

1.4 Incorporate Student Choice

DHC teaches students to subset large datasets to examine the
community indicators they consider most important. This leads
to classroom discussion about the challenge of analyzing data in
real-world contexts, where there may not be a single “correct”
answer to solving complex problems.
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2 Recommendations

2.1 Prerequisites

The materials include instructions for Microsoft Excel but can
be adapted to use other spreadsheet software such as Google
Sheets if desired. Teachers do not need expertise in Excel and all
skills used in the lessons are detailed in the teacher notes
provided. Microsoft Excel provides excellent documentation,
and there are several free courses available to provide further
support [9]. Students are not required to have prior experience
with spreadsheets, but should have completed Algebra I.

2.2 Scaffolding

Students work in teams of three to four students to complete the
project. The teams select two to four features from over fifty
provided to generate an analysis and provide recommendations
based on their work. The materials provided illustrate one
specific method to accomplish a given task, such as sorting or
filtering. Although there are often several techniques that can
be used to accomplish the same task using spreadsheets,
students can learn the tool by focusing on one method to avoid
confusion. Additionally, students who are novice users of
spreadsheets may benefit from first observing the
demonstrations. They may become overwhelmed “learning and
doing” by trying to follow along with demonstrations before
gaining a baseline comfort level with spreadsheets.

2.3 Modifications

The materials can be offered as a standalone unit or incorporated
into a larger curriculum and are appropriate for a variety of
content areas. The project can also be implemented as a
standalone activity. This may be appropriate for more
experienced students who do not require the additional
scaffolding provided in the complete set of materials.

The project dataset was curated to include data from the local
community to provide meaningful context for the students. It is
recommended that the dataset be adapted for the location it is
being taught and to keep the data current. The data curation
process is included in the next section to provide guidance for
this modification. The data provided with this resource was
downloaded in fall 2023 and primarily focuses on Franklin
County, Ohio.

3 Curating Public Data

Public data is not always analysis-ready and is often larger and
more difficult to derive meaning from than demonstration
datasets. To mitigate these challenges, the public data used in
DHC was carefully selected after extensive testing, downloaded
in advance of the lessons, and curated to promote ease of use by
students. The process used for curating each dataset is described
below. While most of these steps were specific to the given
dataset, a few activities were applied uniformly to all data
sources:

e Data Dictionary: a new sheet named ‘dictionary’ was
added to the data workbook with variable definitions
adapted from the documentation of the original source

e Source Information: a new sheet named ‘about’ was
added to the data workbook to provide information on
who collected the data and where it can be accessed
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3.1 Air Quality Data

The air quality data is used across multiple skill-building
modules and instructor demonstrations. It primarily comes from
the U.S. Environmental Protection Agency’s Air Quality System,
which has a query tool for downloading daily data by pollutant
and location [6]. The remainder of the air quality data comes
from Air Quality Ontario and must be manually compiled from
tables of hourly readings for three-day periods [7]. The
preparatory work for the Canadian data is significantly more
extensive than the U.S. locations, but because the data is used to
analyze the impact of Canadian wildfires, it is a worthwhile
investment of time.

3.1.1  EPA Air Quality System

e Select locations and stations: Many urban counties will
have more than one air monitoring station, whereas
rural counties may not have one at all. For counties
with more than one station, download data from all
stations and inspect them for missing or sparse data
before selecting the location.

e Append locations: Create a single file by appending the
exports from each location.

®  Reduce data: Simplify the file by removing columns
that will not be used in the activity. Some of this
information can be retained for context in the data
dictionary, such as the units of measurement.

3.1.2  Air Quality Ontario

o Compile daily readings: Data is only available in rolling
three-day periods and needs to be compiled to
examine changes over longer time periods. To reduce
transcription errors, data should be either copied and
pasted or retrieved programmatically.

e Average hourly readings: Use an average function to
convert from hourly to daily readings.

e Calculate Air Quality Index (AQI): Use the AirNow AQI
calculator to compute the daily AQI [1]. While it is
possible to compile these readings using the same
process as above, the Candian index for air quality is
different than the one used in the U.S. and would be
not be comparable to the EPA data.

e Append to US. data file: Be sure to check that all data
fields match the structure of the U.S. data file first.

3.2 Environmental Justice Index

The DHC project uses the Environmental Justice Index (EJI), a
Centers for Disease Control and Prevention project that uses
data from multiple federal agencies [4].

e Filter by county: Data is downloaded at the state-level
and should be reduced to a single county so students
can examine indicators in their immediate geographic
area.

e Join with place names: Each row in the EJI is a Census
tract, a neighborhood-level geographic unit
represented by an identifying number. A spatial join
with place name data, such as the Census Designated
Places from the Boundary and Annexation Survey [2],
allows students to refer to more familiar neighborhood
names instead of tract numbers. A low-tech
alternative to this is to have students use a Census
reference map to identify where a tract is located [3].

e Reduce data: The EJI was intentionally selected for its
breadth of indicators, but some reduction is still useful
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to make the data less overwhelming for students. One
easy reduction step is to remove the columns that
begin with E_, F_, or SPL_. These are included for
transparency in the original dataset, since they are
used to calculate the percentile ranks. Removing them
leaves only one column per indicator or index and
reduces the total number of columns by almost 40.

e Add visual formatting: While it is not generally a good
practice to convey meaning only with visual styling,
color-coding the student file to match the design of the
EJI indicator table [5] can help students make
connections between the data and the concepts
represented. It is also recommended to paste an image
of the indicator table into the data dictionary
worksheet to further reinforce this connection.

4 Assessment

Since the goal of DHC is to connect foundational computing
skills to data-driven decision making for societal problems,
formative and summative assessments focus on students’
abilities to support an action based on the analysis of the data
rather than assessing the spreadsheet and analytical skills
directly. The intention is to emphasize that data analytics is a
powerful tool used to support decisions, including public health
policies that impact local communities.

4.1 Formative Assessment

Formative assessments are included in several modules to assess
students’ understanding of the concepts presented. The
strategies used in formative assessments include brief
presentations or written explanations and structured sentences
to reinforce abstract concepts. For example, since the EJI
measures health burdens, higher percentile values indicate
higher burden. This may be counterintuitive for students who
are most familiar with the use of percentiles for test scores,
where a higher percentile is more desirable. Using a templated
sentence connecting percentile value to meaning, students can
practice interpreting the EJI values appropriately.

4.2 Summative Assessment

The project concludes with group presentations of their analysis
and subsequent recommendation for community investment in
a specific neighborhood. Students are provided strategies to
create visualizations based on the claim they are making. For
example, if a student team wants to illustrate that a community
exhibits high burden in two aspects of the EJI, a scatter plot with
that specific community highlighted can be created to illustrate
this point. Students are also provided a presentation template
that scaffolds the idea of using data as evidence, since this is the
primary skill assessed in the presentation.
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6 Materials

e  Overview Document dhc_intro.docx: Provides teacher
with an outline of materials, information about the
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datasets, learning objectives, using Excel, linked
resources, and frequently used terms.
Lesson 1 PIT: Introduction to PIT, exploring PIT
careers

o  Lecture slides dhc-lesson1_pit.pptx

o Teacher notes Lesson 1 Intro to Public

Interest Technology.docx

Lesson 2 Public Health: Introduction to public health
concepts, health inequities, and data to be used to
support decision making in public health

o Lecture slides dhc-lesson2_public-
health.pptx

o  Teacher notes Lesson 2 Intro to Public
Health.docx

Lesson 3 Data Collection: Data types, where data
comes from, Tidy Data principles [10].

o Lecture slides dhc-lesson3_data-
collection.pptx
o  Teacher notes Lesson 3 Data

Collection.docx
o  Student-facing worksheet Lesson 3 Data
Collection Student Worksheet.docx
Lesson 4 Data Viz: Fundamental data visualization
concepts, choosing graphs, and deception with data
visualization
o  Lecture slides dhc-lesson4_data-viz.pptx
o  Teacher notes Lesson 4 Data Viz.docx
Lesson 5 Analysis Demos: data types and types of
analysis. Demonstrations of spreadsheet features such
as sorting and filtering.
o Lecture slides dhc-lesson5_analysis-
demos.pptx
o Teacher notes Lesson 5 Analysis
Demos.docx
o  dhc_air-quality_all_Clean.xlsx: Excel file of
air quality data which has not been
manipulated
o  dhc_air-quality_all_Explore.xlsx: Excel file
of air quality data which has been
manipulated as  described in all
demonstrations outlined in the teacher
notes
Lesson 6 Analysis Practice: data types and types of
analysis. Demonstration of sub-setting the project
dataset and applying the ranking techniques to the
project dataset.
o Lecture slides dhc-lesson6_analysis-
practice.pptx
o Teacher notes Lesson 6  Analysis
Practice.docx
o  Student-facing  worksheet Lesson 6
Subsetting and Ranking Student
Worksheet.docx
o  dhc_data-eji_student-version.xlsx: Excel file
of project dataset which has not been
manipulated
o  dhc_data-eji_teacher-version.xlsx: Excel file
of project dataset which has as described in
all demonstrations outlined in the teacher
notes
o  dhc-community-garden_handout.pdf:
Handout describing benefits of a community
garden with respect to the EJI dataset


https://doi.org/XXXXXXX.XXXXXXX

EngageCSEdu. https://doi.org/10.1145/3724411

e Lesson 7 Relationships: Introduction of relationships
between two quantitative variables using linear
regression and the regression coefficient R?

o

O
O

Lecture slides dhe-
lesson7_relationships.pptx

Teacher notes Lesson 7 Relationships.docx
Student-facing ~ worksheet  Lesson 7
Relationships Student Worksheet.docx
dhc_data-eji_student-version.xlsx: Excel file
of project dataset which has not been
manipulated
dhc_data-eji_teacher-version.xlsx: Excel file
of project dataset which has as described in
all demonstrations outlined in the teacher
notes

e Lesson 8 Communicating with Data: Communicating
with data by building an argument and using data as
evidence to support the claim

o

Lecture slides dhe-
lesson8_communication.pptx
Teacher notes Lesson 8

Communication.docx

Student-facing worksheet Lesson 8 Data
Communication Student Worksheet.docx
dhc_data-eji_student-version.xlsx: Excel file
of project dataset which has not been
manipulated
dhc_data-eji_teacher-version.xlsx: Excel file
of project dataset which has as described in
all demonstrations outlined in the teacher
notes

e  Lesson 9 Presentations: Student presentations

o

o

Lecture slides dhc-
lesson9_presentations.pptx
Teacher notes Lesson 9 Presentations.docx

e  Project: Files that can be used to teach the DHC project
as a standalone activity, for students that already have
some familiarity with spreadsheet tools

o

dhc_data-eji_student-version.xlsx: Excel file
of project dataset which has not been
manipulated
dhc_data-eji_teacher-version.xlsx: Excel file
of project dataset which has as described in
all demonstrations outlined in the teacher
notes

dhc-community-garden_handout.pdf:
Handout describing benefits of a community
garden with respect to the EJI dataset
Lecture slides dhc_slides_project.pptx
Teacher notes Project Step1 Health Inequity
and the EJL.docx

Teacher notes Project Step2 Exploring the
EJI - Web map.docx

Teacher notes Project Step3 Exploring the
EJI - Excel.docx
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o Teacher notes Project Step4 Presentation
prep.docx

o  Teacher notes
Presentations.docx

o Student Worksheet - Subsetting and
Ranking.docx for use in Step 3

o  Student Worksheet - Relationships.docx for
use in Step 3

o  Student Worksheet -
Communication.docx for use in Step 4

Project Step5

Data
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