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Disease outbreaks, such as those caused by Escherichia coli, can show seasonal
trends. By DataBase Center for Life Science (DBCLS) and authorized for publication
under the Creative Commons Attribution 4.0 International license via Wikimedia
Commons (https://commons.wikimedia.org/w/index.php?curid=75011250).

THE ECOLOGICAL QUESTION:
What are the seasonal patterns and potential environmental drivers of common bacterial and
parasitic diseases in the United States?

ECOLOGICAL CONTENT:
Ecophysiology, disease ecology, parasitology, seasonality, long-term observations

WHAT STUDENTS DO:
Students receive a data set from the Centers for Disease Control and Prevention National Outbreak
Reporting System (CDC NORS) containing the number of illnesses, hospitalizations, and deaths
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associated with outbreaks of a pathogen (i.e., Cryptosporidium, Cyclospora, Escherichia, Giardia, or
Legionella). Data sets contain monthly records aggregated at the state level, along with transmission
route and etiology. Students use Google Sheets to visualize seasonal trends in the data and develop
hypotheses about potential ecological or environmental drivers of these patterns. Next, students
conduct a literature search to find studies that evaluate a causal link between the hypothesized driver(s)
and outbreak frequency or severity. Students share these findings in and across groups using a jigsaw
structure.

STUDENT-ACTIVE APPROACHES:
Guided Inquiry, Cooperative Learning, Jigsaw, Quantitative Learning

SKILLS:

First, students build skills required to visualize, interpret, and communicate field patterns by using
raw data to create, label, and present bar graphs and interpret the data associated with those
visualizations. Next, students develop critical thinking skills by developing ecological hypotheses
to explain these field patterns. Students then develop research and written science
communication skills by conducting their own literature search to find and summarize studies
assessing their hypotheses. Lastly, students develop oral science communication skills by
informally sharing their findings within and among groups.

ASSESSABLE OUTCOMES:

e Creating and interpreting figures that display seasonal patterns and measures of
virulence for a pathogen with correctly labeled axes using data sets from the CDC NORS

e Generating appropriate hypotheses based on reasonable interpretations of the self-
generated figures

e Summarizing primary literature sources that assess the hypotheses in an annotated
bibliography

e Informally presenting findings to classmates in groups to demonstrate oral scientific
communication skills

e Predicting how environmental drivers of disease may impact bacteria and parasites in the
future via a concept map

SOURCE:
e Centers for Disease Control and Prevention National Outbreak Reporting System (CDC
NORS): https://wwwn.cdc.gov/norsdashboard/
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OVERVIEW OF THE ECOLOGICAL BACKGROUND

Ecophysiology examines how biotic and abiotic factors influence an organisms’
function and how individuals adapt in response to these environmental changes
(Ferry-Graham and Gibb 2008). Additionally, ecophysiology aims to examine how the
environment may directly or indirectly affect individual physiology and whether these
effects scale up to influence population dynamics and species interactions. Research
in this field therefore ranges from the molecular level, such as how temperature affects
membrane permeability and protein denaturation (Gates 1980), to the population,
community, and ecosystem levels, such as the impacts of sublethal and fluctuating
exposure to hypoxic conditions on the metabolic rate, grazing rate, calcification, and
reproductive investment of sea urchins under climate change conditions (Low and
Micheli 2020).

The physiological responses of organisms to environmental changes influence
distribution, abundance, growth rates, and species interactions. For example, global
patterns of plant biomass, primary production, and community diversity are profoundly
influenced by variation in temperature and water availability (Teeri and Stowe 1976,
Churkina and Running 1998, Crimmins et al. 2011). Similarly, the responses of hosts
and parasites to environmental factors can have profound consequences on the timing
and severity of disease outbreaks under current and future scenarios (Krist et al.
2004, Altizer et al. 2013, Rohr et al. 2013, Stensgaard et al. 2019). For example,
physiological constraints of the parasite Plasmodium falciparum and its mosquito
vector Anopheles gambiae influence the seasonality of malaria transmission
(Mordecai et al. 2013). A model combining these constraints with information on
moisture availability, estimates of human population density, and predicted future
climate scenarios predicts that Africa will see a net decrease in the amount of area
suitable for malaria transmission. Areas suitable for year-round transmission and
seasonal transmission will also likely shift to different parts of Africa (Ryan et al. 2015),
suggesting that abiotic factors are an important driver of spatial and temporal trends in
distribution and abundance.

By examining the seasonal trends in outbreaks of different bacteria and parasites, we
may identify ecological or environmental factors that shape important traits, which
could help improve predictions of disease severity, spread, and abundance in the
future.

LITERATURE CITED:
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DATA SETS

For faculty:

e Faculty Answer Key (Faculty-Key.pdf)
Cryptosporidium outbreak data (Cryptosporidium_Instructor.xIsx)
Cyclospora outbreak data (Cyclospora_Instructor.xIsx)
Escherichia outbreak data (Escherichia_Instructor.xIsx)
Giardia outbreak data (Giardia_Instructor.xIsx)
Legionella outbreak data (Legionella_Instructor.xIsx)
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For students:

Cryptosporidium outbreak data (Cryptosporidium_Student.xIsx)
Cyclospora outbreak data (Cyclospora_Student.xIsx)
Escherichia outbreak data (Escherichia_Student.xIsx)

Giardia outbreak data (Giardia_Student.xIsx)

Legionella outbreak data (Legionella_Student.xIsx)

These data are publicly available through the Centers for Disease Control and
Prevention (CDC). National Outbreak Reporting System Dashboard. Atlanta, Georgia:
U.S. Department of Health and Human Services, CDC. Last accessed <26Feb2020>.
Available from URL: wwwn.cdc.gov/norsdashboard. The CDC gives permission for
this data set to be posted and distributed on the TIEE website.
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STUDENT INSTRUCTIONS

Background

Ecophysiology examines how biotic and abiotic factors influence an organism’s
function and how individuals adapt in response to these environmental changes.
The interactions between pathogens, host and non-host populations, and the
environment can influence the timing and severity of disease outbreaks. For
example, many physiological traits of parasites and hosts operate at an optimum
temperature (Mordecai et al. 2013), and deviations from these optimum
temperatures can reduce the infectivity, survival, or reproduction of parasites or
hosts (Anderson et al. 1982, Somero 2010, Studer et al. 2010, Rohr et al. 2018).

Individual ecophysiology also can influence the seasonal distribution and
abundance of pathogens (Altizer et al. 2006, Shocket et al. 2018). For example,
the pathogen Vibrio vulnificus can cause gastroenteritis, septicemia, and other
severe infections in humans. V. vulnificus optimally reproduces when salinity is
low and when water temperatures exceed 20°C (Kelly 1982), which leads to peak
abundances during warm summer and fall months (Paz et al. 2007, Mahmud et
al. 2008). Investigating seasonal trends in the distribution and abundance of
pathogens therefore can enable ecologists to generate hypotheses about the
importance of environmental factors in driving disease transmission.

Disease outbreaks are a concern globally, and this exercise focuses on five
pathogens that have a major impact on health outcomes in the United States. All
five pathogens can be transmitted through the environment; therefore, their
distribution and abundance may be affected by environmental conditions.

The genus Cryptosporidium contains many parasitic species that cause
respiratory and gastrointestinal illnesses (i.e., cryptosporidiosis). People typically
become infected when they ingest oocysts in recreational or drinking water. The
oocysts migrate to the small intestine and infect the intestinal epithelial tissue,
which can then cause vomiting, diarrhea, weight loss, or persistent cough (CDC
2019). Cryptosporidium oocysts that passed through a major water treatment
plant were the source of a massive outbreak in Milwaukee, WI that affected over
400,000 residents (MacKenzie et al. 1994). It continues to be one of the major
causes of waterborne diseases in the U.S. today.

Escherichia coli is a gram-negative bacterium that typically resides in the
intestines of many endo- and ectothermic organisms and is generally not
harmful. However, recently emerging strains of Shiga toxin-producing E. coli
(STEC) (e.g., E. coli 0157:H7) and enterotoxigenic E. coli (ETEC) can cause
severe diarrhea (CDC 2020). Infection occurs by ingesting contaminated water or
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undercooked or raw food. STEC and ETEC are currently two of the more
common foodborne pathogens in the U.S. and have been responsible for food
recalls of produce, meat products, and flour (CDC 2020).

Cyclospora cayetanensis is a protozoan that is endemic in tropical and
subtropical regions. Infection occurs by ingesting sporulated oocysts in
contaminated food or water. After ingestion, sporozoites are released in the
gastrointestinal tract and go on to invade epithelial cells (CDC 2018a). Common
symptoms include diarrhea, weight loss, nausea, fatigue, fever, and vomiting.
Although C. cayetanensis is not endemic to the U.S., outbreaks have been
attributed to produce importation and overseas travel to endemic countries. Due
to increased globalization and dependence on global food supply chains, there is
concern that outbreaks will become more frequent in the future (Chacin-Bonilla
2010).

Giardia lamblia (also known as Giardia intestinalis and Giardia duodenalis) is a
flagellate protozoan that is commonly found in developing countries and has
multiple hosts, including humans. It is typically transmitted through the ingestion
of cysts in contaminated food and water. The cysts release trophozoites in the
proximal small bowel where they multiply (CDC 2015). Commonly known as
“traveler’s diarrhea,” symptoms include diarrhea, gas, greasy stools, abdominal
cramps, vomiting, and dehydration. Globally, it is recognized as one of the
biggest causes of diarrheal disease and of iliness/death in children under the age
of five (Kotloff et al. 2013). It is also one of the most common parasites found in
stool specimens in the U.S.

Legionella pneumophila is a gram-negative bacterium that is typically found in
freshwater environments. Disease outbreaks occur when the bacteria enter an
environment suitable for replication, such as cooling towers that are part of air
condition systems for large buildings or wastewater treatment plants. Infection
occurs via inhalation of contaminated water droplets in the air and can lead to
Legionnaires’ disease, a severe form of pneumonia that has a case fatality rate
of 9%. Additional symptoms include cough, fever, muscle aches, headaches, and
shortness of breath. Although outbreaks can be prevented by employing
chemical, thermal, or ultraviolet treatment methods, the number of outbreaks has
increased since 2000 (CDC 2018b).

Infectious disease surveillance is an important tool for monitoring and tracking
the incidence and prevalence of disease outbreaks. Moreover, by examining
long-term, temporal trends, public health organizations can better allocate
resources and implement protocols to prevent future outbreaks from occurring.
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Approach:
The learning outcomes for Parts 1-3 are as follows:

1. Create figures in Google Sheets (or R) that display seasonal patterns in
abundance or virulence for the pathogen with correctly labeled axes.*

2. Explain the life cycle of the bacteria or parasite.

3. Generate appropriate hypotheses about which (if any) environmental
factors may be influencing the transmission or virulence of the pathogen
based on the self-generated* figures and pathogen’s life cycle.

4. Find related literature sources to assess the hypotheses.

5. Demonstrate oral scientific communication skills by informally presenting
findings to classmates.

6. Predict how future environmental change scenarios may impact outbreaks
or virulence.

* Your instructor may also provide these figures to you.
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Student worksheets:
Part 1: Raw data from CDC NORS

Purpose

In Part 1, you will work in a group to construct a series of figures in Google
Sheets using a data set for a particular pathogen from the CDC NORS. Each
individual should maintain their own answer sheet to the questions below, but
you should work as a team to answer the questions. Each group member should
have a role! For example, the analyst could enter formulas in the shared
document, the data visualizer could prepare figures and label axes, the
moderator could lead the discussion of the figure, and the recorder could create
a written summary of the interpretation, highlighting consensus or disagreement.
You can swap roles for different questions or take on multiple roles if needed.
After this, your group will work to develop hypotheses about what environmental
factors might be driving the temporal trends you see.

Introduction and background

The Centers for Disease Control and Prevention (CDC) National Outbreak
Reporting System (NORS) is a domestic surveillance data platform that contains
data about outbreaks that have been reported to the CDC and that the CDC has
reviewed. CDC-NORS has been one of the central surveillance systems for the
U.S. since 2009 and is updated annually. County and state public health
agencies report outbreaks to CDC-NORS, who synthesize these data. Along with
data on disease outbreaks in the U.S., CDC-NORS also contains the paper-
based Foodborne Disease Outbreak Reporting System (1973-1997), the
electronic-based Foodborne Disease Outbreak Reporting System (1998-2008),
and the Waterborne Disease and Outbreak Surveillance System (1971 - 2008).

According to CDC-NORS, an outbreak is defined as “the occurrence of two or
more cases of a similar illness resulting from a common exposure”. The cause of
these outbreaks could be foodborne, waterborne, environmentally transmitted,
person-to-person, spillover from wildlife and/or domesticated animals, or
outbreaks of unknown cause. In the event of an outbreak, county or state public
health agencies record epidemiological data such as year, month, location of
outbreak (state), primary mode of infection, etiology of outbreak,
serotype/genotype of etiology, observed setting of outbreak, number of ilinesses,
number of hospitalizations, number of patients who are confirmed to be
hospitalized, number of deaths, number of confirmed deaths from those
diagnosed, whether the outbreak is vector or foodborne, observed contaminated
food ingredient (if foodborne), Interagency Food Safety Analytics Collaboration
(IFSAC) categorization of contaminated food ingredient, context of waterborne
outbreak, setting of waterborne outbreak, suspected animal transmission,
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specific animal type, and investigation status of the body of water for waterborne
outbreaks. These data are submitted to the CDC, who analyze the data for
guality assurance. Once cross-examined, the data are added to the public CDC-
NORS database.

For the purposes of this activity, we will focus on month, the number of
outbreaks, and the number of ilinesses.

Using the data provided, use Google Sheets (or R) to create figures with

appropriately labeled axes that examine patterns in the transmission and

virulence for your pathogen. Your figures should answer the following prompts:
1. Describe the seasonal patterns in estimates of pathogen transmission.

E.g.,

a.
b.
C.

What are the number of outbreaks per month?
What is the average size of outbreaks per month?
What is the total number of illnesses per month?

2. Describe the seasonal patterns in indices of virulence of the pathogen and
how they relate to estimates of pathogen transmission.

a.
b.

What data would you use to describe pathogen virulence?
How do the figures (from question 1) relate to each other?

3. Based on the data provided by the CDC NORS and the life cycle of the
pathogen, develop a hypothesis (or hypotheses) about which (if any)
environmental factors may be influencing the transmission or virulence of
the pathogen. Provide the rationale behind your hypothesis. Websites
describing the life cycle or the main modes of transmission for each
pathogen are provided below:

a.

b.

oo

Cryptosporidium:
https://www.cdc.gov/parasites/crypto/pathogen.html
Cyclospora:
https://www.cdc.gov/parasites/cyclosporiasis/biology.html
Escherichia coli: https://www.cdc.gov/ecoli/ecoli-prevention.html
Giardia: https://www.cdc.gov/parasites/giardia/pathogen.html
Legionella: https://www.cdc.gov/legionella/about/causes-
transmission.html
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Part 2: Conducting a literature search

Purpose

Based on the hypotheses developed in Part 1, you will work in the same group to
conduct a literature search to find studies that assess a causal mechanism for
why the transmission or virulence of your pathogen may or may not show
seasonal trends. For this portion of the activity, you should critically examine
peer-reviewed literature to see how other researchers have tested a hypothesis
similar or related to yours. Remember to assign a role to each team member
after you have identified journal articles as a team. For example, each team
member could summarize a different section of the paper (i.e., objective,
methods, results, and conclusions). You can swap roles for different papers or
summarize sections together if needed.

Introduction and background

Google Scholar and Web of Science are only two databases out of many that
can provide access to a wide range of peer-reviewed articles. Google Scholar is
a web search engine that allows you to broadly search through numerous
journals. Web of Science is a website that provides access to many databases
for articles and journals from multiple disciplines.

When reading a scientific journal/article, the abstract is usually the first thing you
see. You can read the abstract to get a general overview of the paper.

Searching for papers in Google Scholar/Web of Science

Go to https://scholar.google.com/. You should be on the homepage for the
website. You can type in your pathogen to see what articles appear. It will be
beneficial for you to add the word “outbreak” to narrow down the type of articles
you see. Try other search terms that relate to your hypotheses as well.

= My profie W My library

Google Scholar
E

Stand on the shoulders of giants
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Google Scholar
*  Articles

Any time
Since 2020
Since 2019
Since 2016
Custom range.

Sort by date

< include patants
" include citations

B Creale alerl

What you should see is a list of articles with very brief samples of what is in the
article. Select an article to read the paper and see what the article contains. It is

cryptosporidium oulbreak ﬂ

L Costs of iliness in the 1993 waterborne Cryptosporidium outbreak,
Milwaukes, Wisconsin

PS5 Corso, MH Krames, KA Blair, DG Addiss... - Emarging infectious . 2003 - ncbi.nim.nib.gov
To assess the total medical costs and productivity losses associated with the 1993

walerborne outbreak of cryptesporidiosis in Milwaukee, Wisconsin, including the average

cost per person with mild, moderate, and severe illness, we conducted a retrospective cost .

A U9 Credby 313 Related afticles  All 16 versions  Wob of Science: 138

L A massive outbreak in Mi of Cryp
transmitted through the public water supply

WR Mac Kenzwe, NJ Hoxie, ME Proclor... - New England journal ..., 1994 - Mass Medical Soc
Background Early in the spang of 1993 there was a widespread outbreak of acute watery
diarrhea among the residents of Milwaukee. Mathods Wa invastigated the two Milwaukea
water-treatment plants, gathered data from chinical laboratories on the results of tests for

v U9 Cited by 2456 Refated articles  All 15 versions  Web of Science: 1280 #%

Waterborne outbreaks of cryptosporidiosis

GF Craun, SA Hubbs, F Frost. . - Journal-Amancan 1998 - Wiley Onling Library

A review of 35 of eryptosporidiosls points to rac forp of
watarbome cutbreaks and uncovers a need for more adequate epidemiological data
Cryptosporidium parvum infection occurs workwida in urban and rural populations, and

¥y U9 Credby 238 Related afticles  All 4 warsions  Wab of Sciance: 121

US outbreaks of cryptosporidiosis

H Solo-Gabriele, S Neumesster - Journal-American Waler . 1996 - Wiley Online Library
An overview of LS eryptosporidiosis outbreaks suggests thal conventional reatmant
processes operated at minimum regulatory compliance levals are ineffective at prevanting
ransmesseon of the disease. Dimbing waler hias been mplcated as te mode of

Yr 99 Cred by 190 Related aficles  All 9 versions  Web of Science: 107

Related searches

cryptosparidium cyplosporcim
sak drinking water infection

cryptosparidium

[HTML] nih.gov

[HTML] nejm.org

[POF] wiley.com
Full View

[POF] wiley.com

& My profile

more difficult in Google Scholar to see filters for peer-reviewed articles, but

Google Scholar does provide an easy first glimpse of available research into your

outbreaks.

Web of Science

Tools » Searches and alerts -

In » Help » Engl

12 Clarivate
Analytics

Search History  Marked List

M Access free resources to suppert coronavirus research,

Select a database  Web of Science Core Collection -
Basic Search Author Search™ " Cited Reference Search Advanced Search Structure Search
sporidium [ x] Tapic - Search tips
+Addrew | Heset
Timespan
All years (1900 - 2020) -

More settings =

Emary University

13 Clarivate
Anabytas
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Similarly, Web of Science utilizes a homepage where you can type in the name
of your pathogen and look for peer-reviewed articles. This search engine is
usually accessed through your institution’s library website.

inCites  Sournal Citation Heports s EndNote  Publons

ential Schence Indicators

Signin v Help v  Englith »

Web of Science

Select a database = Web of Science

2 Clarivate
Analyties

Core Collection -

Basic Search Ruthor Search™

Cited Reference Search Advances d Search Structuse Search
eryptosporidium [x] Topic -
And [x] Topic - m Search tips
Timespan
Al years (1900 - 2030) -

Mare settings &

Web of Science Core Collection: Citation Indeses
Scionce Citation Index Expanded (SC1-EXPANDED) —1600-prosent

Soclal Sciences Citation Index [SSCT) ~1900-present

Auts-suggest publication names

(The Autasuggest service bs not avallabic.)

Default Bumber of Search Fiekds to Display

M s C (ABHICT) 1975

1 field (Topic) -
[ Contorence Proceedings Citation Index- Scionce (CPC1-5) —1905-prosent [To save these permanently, sign in or register.)
Conterence Proceedings Citation Index- Social Science & Humanities (CPCH-S5H) --1995-present

Book Citation Index- Science (BRC1-5) ~2005-present

Book Citation Index- Soclal Sclences & Humanities (BKCH55H) —2005-present

Emerging Sources Citation Index (E5C1) ~2015-present

It may be more effective to include additional search terms to find more relevant
articles. Click on the option “+ Add row”. This will add another entry to add
another search term.
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Sgnin w  Help w  Fnglish =

Web of Science (3 Clarivate

Tools = Searchesand alerts »  Search History  Marked List

Select adatabase  Web of Science Core Collection -

Basic Search Author Search” — Cited Reference Search Advanced Search Structure Search

eryptosporidium [x] Topic -

And - outbreak Q Topic - m Soarch tips
—

Timespan

Al yosrs (1000 - 2030) -

More settingr =

Web of Seience Cere Collection: Citation Indexes Auto-suggest publication names

Science Citation Index Expanded (S0 EXPANDED] --1900-present (The Autosuggest service is nol available.)
Soclal Sclences Cltation Indesx {S5C1) ~1800-present. Default Number of Search Fields to Display
Arts & Humanities Citation Index (ALHCI) 1975-present 1 fietd (Topic)

u Conference Proceedings Citation Index- Science (CPCH-S) - 1995-present (To save these permanently, 3ign in or register.)

Conference Proceodings Citation Index- Sacial Science & Humandtics (CPCH-SSH) 1998 present
Boak Citation Index - Science {BKCIS) 2005 present
Book Citation Index - Social Sciences & Humanities (BXCI-SSH] 2005 present

I3 Emerging Sources Citation Index [ESCT) —2015-present

This will allow you to be more specific with your search. In this case, we are only
looking at cryptosporidium articles that included the topic of the outbreak. Think
about other search terms you can include.

Complete the following objectives for this section:

1. Within your group, conduct a literature search to find studies that assess
the hypothesis (or hypotheses) you developed in Part 1 (it does not have
to match exactly and can be a related idea). Find at least five papers
assessing a causal mechanism for why transmission or virulence of your
pathogen may or may not show seasonal trends. Be sure to connect how
the paper relates to your hypothesis, e.g., do the researchers examine the
effect of the environmental factor you hypothesize to influence the
seasonality of outbreaks of your pathogen? Explicitly state how the results
support or refute your proposed hypothesis of what environmental factors
are driving seasonal transmission or virulence.

2. Compile a shared annotated bibliography. For each paper, be sure to
briefly summarize the study objective, methods, results, and conclusions
(5-10 sentences per source).

3. Discuss what additional data (at least 5 examples) you think the CDC
could collect to give a more comprehensive view of disease outbreaks for
your pathogen.
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Similar to part 1, you should maintain your own answer sheet to the prompts, but
work as a team to answer the questions.

By the end of part 2, you should have a consensus among your group about the
following:

A The life cycle of your pathogen
The temporal trends you saw in the figures for your pathogen

-

1 How these temporal trends informed the development of your
hypothesis/hypotheses

3

How researchers have assessed the hypothesis your group developed (or
a similar hypothesis) and the findings from those studies

Part 3: Comparing and contrasting parasitic and bacterial diseases

Purpose

In this portion of the activity, you will recombine into groups with different
pathogens to compare and contrast the life cycle of your pathogen and how that
might influence the temporal trends seen in your data. You will also teach your
peers about what you found in Parts 1 and 2. Lastly, you will discuss how you
think environmental drivers of disease may impact pathogen virulence in the
future. Record your notes and discussion as a group.

Based on what you have learned from Parts 1 and 2, discuss the following
prompts:

1. Describe the life cycle of your pathogen to your new group members.
Construct a list of similarities and differences in the life cycles of the
different pathogens. Brainstorm and record =5 ways these similarities and
differences could influence pathogen transmission.

2. Next, describe the temporal trends you saw in your data set to your peers.
How did the information from the figures influence the development of
your hypothesis?

3. What did your initial group find from the literature search? Did you find
studies that support your hypothesis?

4. Together, broadly discuss how environmental drivers of disease might
impact pathogen outbreaks or virulence in the future. Create a concept
map of how environmental factors could interact to impact pathogen
outbreaks or virulence.
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NOTES TO FACULTY

The goal of this activity is to introduce students to the basic scientific process,
from data visualization and interpretation, to hypothesis generation and the
communication of their findings to peers, within the context of disease ecology.
Students will be introduced to a data set containing information about outbreaks
for a pathogen and will create figures to visualize the data in Google Sheets.
Students will work in groups to interpret the figures they have created and
develop hypotheses about what environmental drivers may be influencing the
trends they see in the data. Next, they will find primary literature sources to
assess their claims and share these findings with individuals from different
groups. The latter portion will facilitate data sharing and collaboration among
peers.

Comments on introducing this activity to your students

A brief introduction to ecophysiology and disease ecology would be beneficial for
students in an upper-level lab, whereas a more in-depth discussion may be
beneficial for a freshman, sophomore, or non-majors lab. The CDC and all
literature cited should provide some background information for instructors
unfamiliar with this topic.

How to use this activity in a class

This module can be completed during a longer class period (> 75 minutes) if
students are familiar with Google Sheets, data interpretation, and conducting a
literature search. It is suggested that if instructors want to break the module up
into multiple class periods, Part 1 should be completed first, and Parts 2 and 3
should be completed together. However, all three parts could be completed
separately if the class size is large and the instructors want to ensure that all
work can be completed in class. It is recommended that there be no more than 4-
5 students per group, as larger group sizes may impede collaboration among
peers. We suggest that all parts be completed in class, as this activity relies
heavily on group collaboration and group discussion.

Comments on data accessibility

We provide the data sets in this activity to minimize download issues and to
avoid having students view the figures that are visible on the CDC NORS
website. The current data sets contain data collected from 1998-2017. If
instructors want to check for up-to-date data, they can visit
https://wwwn.cdc.gov/norsdashboard/ and narrow the search terms by Etiology
for each specific pathogen. Excel spreadsheets with “current search data” can be
downloaded at the bottom of the page.

Comments on possible extensions/additions this activity
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If you or your students are proficient at the programming language R, we have
provided an R Markdown file you can view and use. The activity can be adapted
to have students write their own R code to visualize the data. For classes with
proficiency in R, the aggregate() function can be used on the data sets to
conduct the analysis (see Nguyen et al_Faculty-Key.pdf). Alternatively, the
instructor can provide the figures to students. The latter can also be done if the
class period is short and the instructor would rather focus on the guided
guestions and interpretations of the data. Lastly, this activity only explores a
portion of the data set. Instructors could design questions that examine the
“Setting” in which outbreaks took place or related environmental factors (e.g.,
“Water Exposure”) if these variables are of interest.

Comments on the jigsaw technique

Parts 1-3 are designed to employ the jigsaw technique, which first sorts students
into “expert” groups that study one particular issue and then re-sorts students
into “working” groups to learn from each other. For this activity, parts 1-2 allow
students to develop expertise for one pathogen. In part 3, students will
recombine into groups with individuals representing each pathogen. This
progression allows for cooperative learning among peers and increases
individual accountability. We recommend that you or a TA pre-sort students into
“expert” and “working” groups to further streamline the activity.

Comments on challenges to anticipate and solve

e Students have varying experiences with Google Sheets. It would be
beneficial for you or your TA to circle through the groups to aid with any
issues that arise from inexperience with Google Sheets. We have
provided detailed instructions to alleviate some of these problems, but
students may still face conceptual challenges with understanding the
various functions. A walkthrough of basic functions in Google Sheets
should be considered if familiarity with Google Sheets appears low among
students. Similar concerns would apply to R.

e Difficulties generating plots. For some students, this may be the first
time they are being asked to create figures from a data set. Encourage
students to look at the raw data set first, e.g., what data are provided, how
the data are divided, and the column titles. We have provided a tab with
metadata to clarify what type of data is contained within each column.
Walking through one data set as an example for the entire class could
alleviate this concern. This may help overwhelmed students understand
that they are only going to examine some of the data provided. We
recommend using the Cyclospora data set if you decide to work through
one data set with the class.
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e Difficulties interpreting the data. This may also be the first time students

are being asked to interpret data from figures they have created on their
own. This is where it may be beneficial for you or a TA to view the
Instructor Key. It will help to be familiar with the trends in the data sets to
better guide students.

Difficulties discussing indices of virulence. The concept of pathogen
virulence may be new to many students. We found that students had
different ideas about how to measure virulence based on the data sets
provided, but discussions eventually converged to using mortality as a
metric. We recommend that instructors allow for this discussion to develop
organically, but to nudge students towards using mortality-related data if
they are getting off track.

Difficulties developing a hypothesis. It may be beneficial to introduce
the concept of hypothesis development for all students. Some resources
for guiding hypothesis generation include:

McPherson, G.R. 2001. Teaching & Learning the Scientific Method. The
American Biology Teacher 63(4):242-245.

Windschitl et al. 2008. Beyond the scientific method: Model-based inquiry
as a new paradigm of preference for school science investigations.
Science Education 92(5): 941-967 (doi:
https://doi.org/10.1002/sce.20259).

Stress that students need to connect what they know about their pathogen
to the trends they see in the data in order to formulate an appropriate
hypothesis. You or your TA should review these hypotheses before they
move on to finding primary literature sources. Students might also be
concerned that they have to generate the “correct” hypothesis. It could be
helpful to encourage them to consider all plausible hypotheses and remind
them that science typically progresses by eliminating or refuting
unsupported hypotheses.

Difficulties finding and interpreting literature sources. It may be easy
for students to pick the first few papers that come up after a simple search
on Google Scholar or Web of Science. Encourage students to write an
annotated bibliography of these papers (e.g., study objective, methods,
results, and conclusions in 5-10 sentences per source) and explicitly
connect how the study evaluates their hypothesis. Encourage students to
move beyond the abstract and interpret the figures of the paper.
Unwillingness to work and share in groups. Students may feel
uncomfortable working in groups. We have provided suggestions in parts
1 and 2 for how students could define individual roles, but it may be
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beneficial for you or a TA to check-in and confirm that roles have been
allocated. Let students know that their grade will be dependent on an
individual worksheet for parts 1 and 2, their ability to explain their findings
to peers in part 3 (the jigsaw activity in part 3 was created to increase
individual accountability), and the group discussion they complete in part
3. Stress that collaboration is a tenet of science and scientific
communication, and that they are practicing these skills!

Assessment of student learning outcomes

Below we have provided the worksheet questions and an example of structured
rubrics from which to grade students. It is possible that grading could be adapted
for completion instead.

Part 1: Raw data from CDC NORS

Using the data provided, use Google Sheets (or R) to create figures with
appropriately labeled axes that examine patterns in the transmission and
virulence for your pathogen. Your figures should answer the following prompts:

1. Describe the seasonal patterns in estimates of pathogen transmission.
E.g.,

a. What are the number of outbreaks per month?
b. What is the average size of outbreaks per month?
c. What is the total number of illnesses per month?

2. Describe the seasonal patterns in indices of virulence of the pathogen and
how they relate to estimates of pathogen transmission.

a. What data would you use to describe pathogen virulence?
b. How do the figures (from question 1) relate to each other?

3. Based on the data provided by the CDC NORS and the life cycle of the
pathogen, develop a hypothesis (or hypotheses) about which (if any)
environmental factors may be influencing the transmission or virulence of
the pathogen. Provide the rationale behind your hypothesis. Websites
describing the life cycle or the main modes of transmission for each
pathogen are provided below:

a. Cryptosporidium:

https://www.cdc.gov/parasites/crypto/pathogen.htmi

b. Cyclospora:
https://www.cdc.gov/parasites/cyclosporiasis/biology.html
Escherichia coli: https://www.cdc.gov/ecoli/ecoli-prevention.html
Giardia: https://www.cdc.gov/parasites/giardia/pathogen.html
e. Legionella: https://www.cdc.gov/legionella/about/causes-

transmission.html

oo
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Points and Criteria

1 2 3 4 5
Q1 | Major errors Major errors in | Some errors | Seasonal Seasonal
in calculating | calculating in calculating | patterns patterns
seasonal seasonal seasonal calculated calculated
patterns from | patterns from | patterns from | correctly from | correctly from
the raw data; |the raw data; |the raw data; |[the raw data; [ the raw data;
figures not figures are figures are figures are figures are
provided missing >2 missing 1 missing 1 complete
components component component
Q2 | Students Students able | Students able | Students able | Students able
unable to to interpret the | to interpret the | to interpret the | to interpret the
interpret the figures but figures but figures and figures and
figures and need much need some need little how they
summarize guidance to guidance to guidance to relate to each
data trends summarize summarize summarize other
data trends data trends data trends
Q3 [ No Hypotheses Hypotheses Hypotheses Hypotheses
hypotheses do not relate based on only [ do not logically
are developed | to pathogen pathogen logically connect
physiology or [ physiology or | connect pathogen
data trends data trends pathogen physiology,
with no physiology rationale is
connections and data provided, and
trends; poor data trends
rationale and are
provided testable

Part 2: Conducting a literature search
Complete the following objectives for this section:
1. Within your group, conduct a literature search to find studies that assess
the hypothesis (or hypotheses) you developed in Part 1 (it does not have
to match exactly and can be a related idea). Find at least five papers
assessing a causal mechanism for why transmission or virulence of your
pathogen may or may not show seasonal trends. Be sure to connect how
the paper relates to your hypothesis, e.g., do the researchers examine the

effect of the environmental factor you hypothesize to influence the

seasonality of outbreaks of your pathogen? Explicitly state how the results
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support or refute your proposed hypothesis of what environmental factors

are driving seasonal transmission or virulence.

Compile a shared annotated bibliography. For each paper, be sure to
briefly summarize the study objective, methods, results, and conclusions
(5-10 sentences per source).
Discuss what additional data (at least 5 examples) you think the CDC
could collect to give a more comprehensive view of disease outbreaks for

your pathogen.

Points and Criteria

1 2 3 4 5
Q1 |5 papers do >3 papers do | All papers All papers All papers
not relate to not relate to relate to the relate to the relate to the
the hypothesis | the hypothesis | hypothesis, hypothesis, hypothesis,
but students but students and student
have much have some can explain
difficulty difficulty how the
explaining explaining studies
how the how the assess their
studies studies hypothesis
assess their assess their
hypothesis hypothesis
Q2 | Annotated Annotations Annotations Annotations Annotations
bibliography missing =3 missing 2 missing 1 contain all
not completed | components components component components
and are 5-10
sentences
Q3 | Students Students Students Students Students
provide O provide 1 provide 2-3 provide 4 provide =5
additional additional type | additional additional additional
types of data | of data CDC types of data | types of data | types of data
CDC could could collect | CDC could CDC could CDC could
collect collect collect collect
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Part 3: Comparing and contrasting parasitic and bacterial diseases in the United
States

Based on what you have learned from Parts 1 and 2, discuss the following
prompts:

1. Describe the life cycle of your pathogen to your new group members.
Construct a list of similarities and differences in the life cycles of the
different pathogens. Brainstorm and record =5 ways these similarities and
differences could influence pathogen transmission.

2. Next, describe the temporal trends you saw in your data set to your peers.
How did the information from the figures influence the development of
your hypothesis?

3. What did your initial group find from the literature search? Did you find
studies that support your hypothesis?

4. Together, broadly discuss how environmental drivers of disease might
impact pathogen outbreaks or virulence in the future. Create a concept
map of how environmental factors could interact to impact pathogen
outbreaks or virulence.
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Points and Criteria

the concept
map of how
pathogen
virulence may
be impacted

contributes to
the concept
map of how
pathogen

discussions of
how pathogen
virulence may
be impacted
and

suggestions to
the concept
map for how
pathogen

1 2 3 4 5

Q1 | Students Students Students Students Students
cannot describe describe describe describe
describe similarities similarities similarities similarities
similarities and and and and
and differences differences differences differences
differences between between between between
between pathogens but | pathogens pathogens pathogens
pathogens or | not how these | and provide 1- | and provide 3- | and provide
how these factors might | 2 examples of | 4 examples of | 25 examples
factors might [ influence its how these how these of how these
influence its transmission | factors might | factors might | factors might
transmission influence its influence its influence

transmission [ transmission | transmission

Q1 [ Students do Students Students Students Students
not describe incorrectly correctly correctly correctly
whether describe describe describe describe
temporal temporal temporal temporal temporal
trends were trends for their | trends for their | trends for their | trends for their
present or pathogen, and | pathogen, but | pathogen, but | pathogen and
how this minimally discuss how minimally discuss how
influenced discuss how this influenced | discuss how | this influenced
hypothesis this influenced | hypothesis this influenced | hypothesis
development [ hypothesis development | hypothesis development

development development

Q3 | Student does | Student Student Student Student

& not share their | minimally shares their shares their shares their

Q4 | findings with shares their findings with | findings with | findings with
the group and | findings with their group their group their group
does not the group and | and minimally | and provides [ and actively
contribute to minimally participates in | some contributes to

the concept
map of how
pathogen
virulence may
be impacted
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virulence may
be impacted

moderately
contributes to
the concept
map of how
pathogen
virulence may
be impacted

virulence may
be impacted
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APPENDIX

Detailed instructions for visualizing the data sets in Google Sheets

Cryptosporidium Raw Dataset - Student @& @ &
Fite View insen Format Data Tools Add

Edin

T % I

-Brs A @ E.i-}-%- coB@ Y- X

= |state

[vear=]mceth

iE

BEEHEBUBERTREY

HHEEy

+ B Ot

Upload

the appropriate data set for your pathogen onto Google Drive. Open the

data set with Google Sheets.
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Cryptosporidium Raw Datoset - Student
Fie B View inset Pomsl Data Tools

!

Open a new sheet in your Google Sheet file by clicking on the + sign (red circle).

This creates a new sheet to organize your data.

3 February
4 March
5 April
6 Ma
- y Delete
June Duplicate
8 Ju I\/ Copy to -
9 August Rename
Change color >

10 | September
1T October

Protect sheet

unknows

Hide sheet
12 'November
13 December .
Move right
14 Move left
+ = Outbreak Data ~ Sheet1 ~ Metadata ~ Search Criteria ~ Last Transfer Date ~
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Rename the new sheet “Number of Outbreaks” by right clicking on “Sheet1” and
clicking on “Rename” from the drop-down menu.

ﬂ Cryptosporidium Raw Dataset - Student @ 00 o

&P N o oy 1 ie N« BIEA WME E-leb-% wB@ET-I

Months Number of Outbreaks
January
February
March
April
May
Hune

Huly
lAugust
10 MSeptember
T NOctober
November

December

The first task is to calculate the number of outbreaks per month. Label Column A
“Months” and Column B “Number of Outbreaks”. Write the names of the months

in column A (Note: In the data set, 1 refers to January, 2 to February, 3 to March,
etc.). You will create a formula to calculate the number of outbreaks in any given
month in Column B. The “COUNTIF” function will be used.
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=COUNTIF
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Cryptosporidium Raw Dataset - Student v [}
File Edit View Insert Format Data Tools Add-ons Help

% .0 .00 123~ Default (Ca... ~ n

A B

Months eaks
=COUNTIF

January

February
March
April

May

June

July
August
September
October
November
December

- B I

G

Last edit was seconds ag

o
-

Ll b e

BEY-3-

Highlight cell B2 (shown in the red box). Insert into the box: =COUNTIF (shown in
the blue box).

—

B WM

5
6

Cryptosporidium Raw Dataset - Student & 0 &

File Edit View Insert Format Data Tools Add-ons Help

g 0 00 123~ Default (Ca.. ~ 1"

v ¥

Number of Outbreaks

Months
January |-;o.-.=-u=.

February
March
April
May

B

c

> §

=
-

A

&,

B

R

The function is set up as “=COUNTIF(Range, Criterion)”. ‘Range’ is the desired
collection of cells. ‘Criterion’ is the specified value from that collection of cells.

First, add a left parenthesis after “=COUNTIF” (shown in the red box). It should
read “=COUNTIF(".
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. Cryptosporidium Raw Dataset - Student  +r @
& Last edit was seconds ago

- $ % .0_ 00128~ Defakt(Ca. v 11 + B I & A & H AR TR 7 [+ MM

=COUNTIF(

A B C D E

Months EZber of Outbreaks
January =COUNTIF(

—

February
March
April
May
June
July
August

O oo ook~ w| N

=0
o

September

11 October
Next, we need to specify the ‘Range’ variable. For the ‘Range’, type in ‘Outbreak
Data’!B:B. This specifies that the ‘Range’ is Column B from the “Outbreak Data”
sheet. This can also be accomplished by highlighting Column B Cells in the
“Outbreak Data” sheet while the B2 cell is highlighted.
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Cryptosporidium Raw Dataset - Student ¢ &
File Edit View Insert Format Data Tools Add-ons Help Last edit was 2 minutes ago

~ o~ & P 200% v $ % 0 00 128v Defah(Ca. v 11 - B I & A & H S
=COUNTIF( 1)
A B C D
T Months S
2 January 12 |
3 February
4 March
5 | April
6  May
/' June
8 July
9  August
10 September
1T October
12 November
13 December

Next, we need to specify the ‘Criterion’ variable. Since we want the number of
outbreaks in January, enter “1” for the criteria. The end formula should be
=COUNTIF('Outbreak Data''B:B,1). This tells us that 12 outbreaks happened in
the month of January.
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Cryptosporidium Raw Dataset - Student v & Saved to Drive
File Edit View Insert Format Data Tools Add-ons Help Lastedit was seconds ago

~ o~ @ B 200% - § % 0 .00 123 - - BISA %H =
=COUNTIF( )
e B C D
T 'Months Number of Outbreaks
2 January 12
3 February 12
4 March o -
5 April
6 May
7 June
8 July
9  August
10 September
1T October
12 November
13 | December
14

Now we need to calculate the number of outbreaks for the remaining months.
Copy the previous formula by either COPY + PASTE FORMULA or by dragging
the small green box that appears in the bottom right corner when you click on cell

B2.
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Cryptosporidium Raw Dataset - Student ¥ [ & SavedtoDrive
File Edit View Insert Format Data Tools Add-ons Help Lastedit was seconds ago

-~ o~ @ P 200%5 v § % .0 .00 123+ ~- 1 «- B I S A & H

=COUNTIF( »2)

fa B C D

Months Number of Outbreaks
January 12

February 10
March
April

May
June
July

O oo J oo klwWwiN|=

August

-
o

September
October
12 | November

—
—_—

13 December

Since the formula remains the same, we need to change the ‘Criterion’ variable
for the right month. For February, change the ‘Criterion’ variable to “2” to give you
the number of outbreaks in February. You should see that there are 10 outbreaks
that have been in February. Repeat these steps for the remaining months, e.g.,
change the last number to “3” in cell B4 to give you the number of outbreaks in
March, change the last number to “4” in cell B5 to give you the number of
outbreaks in April, etc.

|~
.
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Cryptosporidium Raw Dataset - Student ¥ @

File Edit Viey Insert Hprmat Data Tools Add-ons Help Lastedit was seconds ago

o~ & P 200% v § % 0 00 123v Default(Ca. v 11 - B I & A & H 3%~
February
A B C D
3 |February 10
4 |March 28
5 |April 23
6 |May 21
7 Nune 41
8 |uly 108
9 |August 110
10 |September 92
17 |October 30
12 INovember 15
13 |December 12=
14
15

When you have calculated the total number of outbreaks, highlight column A and
B (shown in the red box). While column A and B are highlighted, create the graph
by selecting “Insert” (shown in the blue box).

|+~
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Cryptosporidium Raw Dataset - Student &

File Edit View Insert Format Data Tools Add-ons Help Lastedit was 2 minutes ago

- o~ T 200 11 Rows above ‘efault (Ca.. ~ 11 ~ B I & i ¢ H 5%~
February 11 Rows below
A C D
2 Columns left

3 Februar 2 Columns right 1 0
4 March 28
5 ) Cells and shift down

Aprl I Cells and shift right 23
6  May 21

[1] Chart
7 June - 41
TMage g
8 JUI\/ E® Drawing 108
9 |August Hrfom 110
1 O Se ptemb' Z Function > 52
11 October < Insertlink Ctri+K 30
heckb

12 Novembg & checkbor 15
13 E] Comment  Ctrl+Alt+M 12

M Note Shift+F2 »
14
15 New sheet Shift+F11

Select “Chart” to generate a graph from your data table.

|+~

TIEE, Volume 16 © 2020 — Justin T. Nguyen, David J. Civitello, Karena H. Nguyen, and the
Ecological Society of America. Teaching Issues and Experiments in Ecology (TIEE) is a project of
the Committee on Diversity and Education of the Ecological Society of America
(http://tiee.esa.org).



TIEE

-36 -

Teaching Issues and Experiments in Ecology - Volume 16, April 2020

Cryptosporidium Raw Dataset - Student

File Edit View Insert Format Data Tools Add-ons Help

wrE e
Last edit was seconds ago

e o @ T 150% + § % 0 00 123 | Defavi(Ca. ~ 11+ B I & A % HE- E-i-lp-%- o0 WY -3I-
February
A B C D E F G H

1 Months Number of Outbreaks
2 |January 12
3 [February 10/ Number of Outbreaks vs. Months
4 March 28 125
5 April 23
& |May 21 100
7 |June 41
8 |July 108 o

% 75
9 August 110 2
10 september 52| 3
11 October 30 0
12 November 15 Ja:é
13 December 12 2 25
14
15 0

QD
16 N
17 & R I
3 - Q
18
19 Months
20
A chart will be generated, but it may not be the type of visualization that you
want.

i ipitap it 5 o

-~® P

Manths Numbaeaf Outhreak

setrr o BE V- X

January
February Number of Outbreaks
March
April

May

lune

luly
August
Saptamber
Qctober
November
December

125

vs. Manths

L1

Double click on the chart and a menu will appear on the right side of the screen
(shown in the red box). Then select “Setup” (shown in the blue box).
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Number of Outbreaks vs. Months
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[i] Chart editor

Setup

Chart type

Customize

l~ Line chart

Data range

AZBIZ

X-axis

Tr A3:A13
O Aaggregate

Series

1?3 B3B13

Add Series

O switchrows/ columns
[ use row 3 as headers

Use column A as labels

Under chart type, select the down arrow to change your chart to other graph

types.
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[1] Chart editor

J Setup

Customize

s A % H S-Ll-lp-%r o B W Y-
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Number of Qutbreaks vs. Months
125
100
% 75
v
8
3
s 50
3
£
3 s
o]
S & & B & o\"‘ G e
@ i« Q n )
S ¥ " A &
(,)'Za
Months

Chart type

4t Column chart

Stacking

None

Data range

A3B1Z

X-axis

Tr A3AI3
[ Aggregate

Series

123 B3Bi13

Add Series

[ switch rows / columns

[ userow 3 as headers

Use column A as labels

Press the “Customize” tab to change the main title, axis titles, etc.

¥y [0 ¢ saved toDrive
Last edit was seconds ago

Cryptosporidium Raw Dataset - Student
File Edit View Insert Format Data Tools Add-ons Help

]

~ o~ & P 0% - § % 0 00123+ DefatCa. v 11 <+ B I & A & M S i~y oo B WY ~3-
A B C D E F G H
1 Months Number of Qutbreaks
2 -
January 12 Monthly Temporal Trend of Cryptosporidium Outbreaks

3 February 10
4 March 28 125
5 April 23
6 May 21 100
7 |lune 41
8 uly 108 g 75
9 August 110 K

3
10 |september 52 ST

[
11 |October 30 3
12 November 15 £

z
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14
15 0

& A A A A A 'Y '3
16 &'a('\ \!\,5:’3\ VQ‘ KQ \Qoe’ & Qq;;v 6"0?‘ ‘609, & &
& ¥ & I & &

17 Ed = <
1 Months
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Your figure should look something like this.
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. Cryptosporidium Raw Dataset - Student &+ @ &
& File Edit View Insert Formal Data Tools Addons Help
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Months Number of Qutbreaks
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Next, we want to look at whether the average size of outbreaks varies by month.
Click the “+” on the bottom of the windows to create a new sheet. Rename the
new sheet “Sheet2” as “Average Size of Outbreaks”.

TIEE, Volume 16 © 2020 — Justin T. Nguyen, David J. Civitello, Karena H. Nguyen, and the
Ecological Society of America. Teaching Issues and Experiments in Ecology (TIEE) is a project of
the Committee on Diversity and Education of the Ecological Society of America
(http://tiee.esa.org).



- 40 -

TIEE

Teaching Issues and Experiments in Ecology - Volume 16, April 2020

Cryptosporidium Raw Dataset - Student &+ B &
File Edit View Insert Format Data Tools Add-ons Help Last edit was seconds agg

e~ o P 150% ~ & % .0 .00 123~ Default (Ca.. = 1 - B I S5 A

A B C D
1 Months Avg. Size of Dutblreaks
2 |lanuary |
3 |February
4 |March
5 JApril
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14
15
16

In the new “Average Size of Outbreaks” sheet, label Column A “Month” and
Column B “Avg. Size of Outbreaks”. Add the names of the months into Column
A. For column B, we want to calculate the average number of illnesses per
outbreak across months. This can be done by using the “AVERAGEIF” function.
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=~ o P $§ % .0 .00 123~ Default (Ca.. - 1
=AVERAGEIF(
AVERAGEIF( criteria_range, criterion, A X C

[average_range])

=l
L=

EXAMPLE
2 AVERAGEIF( Al1:A1@, "»>28", Bl:B1@)
3 ABOUT
Returns the average of a range depending on criteria.
4
5 criteria_range
The range to check against criterion.
6
7
8
9
Learn more
10

SERLETTIE]

1T QOctober
12 November

13 December

The “AVERAGEIF” function has three components
=AVERAGEIF(Criteria_range,Criterion,Average_range). ‘Criteria_range’ refers to
the variable that is being utilized to filter out data. ‘Criterion’ is the desired data
points from the range. ‘Average_range’ refers to the data points being averaged.
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SN - § % .0 .00 123~  DefaltiCa. ~ 11 ~ B I & A < H
=AVERAGELF(
AVERAGEIF({criteria_range, criterion, ~ X C D E

[average_range])

-
o

EXAMPLE
2 AVERAGEIF(A1:A1@, ">28", B1:Bl1@)
3 ABOUT

Returns the average of a range depending on criteria.
4
5 criteria_range

The range to check against criterion.
6 .

_range

7
8 eria_range is use
9

Learn more
10 JTpLEnuel
1T ' October

12 November
13 | December

15
In cell B2, type in “=AVERAGEIF(".
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o $ % 0 .00 123~ Calibri - " - BISA S H3E-=-L-p-V
=AVERAGEIF(
A D
T Year =
2 2009
3 2009 =
al 2009 3 [Tennessee Water
5 2009 5 Animal Contact
6 2009 5 Animal Contact
7 2009 5 Animal Contact
8 2009 8 Animal Contact
9 2009 8 Indeterminate/Other/Unknown
10 2009 8 Water
11 2009 9 Indeterminate/Other/Unknown
12 2009 7 Person-to-person
13 2009 9 Person-to-person
14 2009 8 Water
15 2009 9 Person-to-person
16 1N 1 Animal Cantart

As before, then type in ‘Outbreak Data’!B:B’. This specifies that the ‘Range’ is
Column B from the “Outbreak Data” sheet. This can also be accomplished by
highlighting Column B Cells in the “Outbreak Data” sheet while the B2 cell is
highlighted (shown in the red box). The formula selection will work correctly when
you see a small window pop up with your formula from the “Average Size of
Outbreaks” sheet on the “Outbreak Data” sheet (shown in the blue box).
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=AVERAGEIF( )]
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1 Months Avg. Size of Outbreaks
January EN/A 1

February
March
April

=T 4 N TS

May
June

~J

July

WO | oo

August

10 September
1T October
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13 | December

14

Go back to the “Average Size of Outbreaks” sheet. The B2 cell should be
displaying =AVERAGEIF(‘Outbreak Data'!B:B) in cell B2. #N/A is shown because
the function is incomplete.
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=AVERAGEIF( 1)
A B C D

1 Months Avg. Size of Outbreaks
January 11
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1T "October
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Now we need to specify the ‘Criterion’ variable, which is the month “1”. This can
be done by adding “,1” to the formula. It should now be “=AVERAGEIF('Outbreak
Data'lB:B,1). Even though a value shows up in cell B2, we need to specify one
last variable.
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=AVERAGEIF( D)

AVERAGEIF(criteria_range, criterion, v o X C
[average_range] )

Months AvVZ. 51Ze oT Lutbreaks

—

January —AVERAGEIF( 1,

February
March
April
May
June
July

MO GO =] Oy || | WM

August

—
=

September
1T | QOctober
12 November

13 December
14

Lastly, add a comma after the “1” in the formula to add the ‘average range’
variable.
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=AVERAGEIF( .1, 0utbreak Data'!'1:1)
"

Setting ‘Auorane Size af MithrookeIRY

___________

ions

=AVERACETF ( 1, 'Outbreak Data'!1:1)
L

Beach - Public; Camp/Cabin Setting

O @ N o AW N =

10 Apartment/Condo

12 Hospital

13 Child day care

14 Hotel/Motel/Lodge/Inn
15 Child day care

17 park - Waterpark
18 vacation rental house

20 Community/Municipality
21 Community/Municipality

24 Pprivate Residence

25 Communitv/Municinalitv

MO0 R WE W

[y
L S R

= w w
O W O s W NS

7

Return to the “Outbreak Data” sheet, and highlight the “lliness” column of the
data set (shown in the red box). The pop-up window should appear as before

with the finished formula (shown in the blue box).
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1 Months Avg. Size of Outbreaks
January 14.75
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Go back to the “Average Size of Outbreaks” sheet, and check cell B2. It should
now read “=AVERAGEIF('Outbreak Data''B:B,1,'Outbreak Data'll:1)". For this
dataset, there were on average, 14.75 illnesses per outbreak in January.
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-, B P $ % .0 .00 123+ - 1 - B IS A
=AVERAGETF( 2, :I_—I- Data'!I:I
AVERAGEIF( criteria_range, criterion, v X C D
[average_range])

1 IVionths Avg. SiZe of Uutbreaks

2 January 14.75

3 February =AVERAGEIF( ,2, 'Outbreak Dat

4 'March

5 April

6  May

7/ lune

8 July

9  August

10 September

1T October

12 November

13 December

14

15
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Now, copy the previous formula to the remaining cells in your new sheet by either

COPY + PASTE FORMULA or by dragging the small green box that appears in
the bottom right corner when you click on cell B2. The same formula will appear
for the other boxes. Change the ‘Criterion’ variable to “2” for February. For this
data set, there were 9.7 ilinesses per outbreak for February. Repeat this process
for the remaining months (changing the ‘Criterion’ variable only).
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Cryptosperidium Raw Dataset - Student ¢ @
File Edit View Insert Format Data Tools Add-ons Help Lastedit was 2 minutes ago

o~ T 180% - § % 000123 | DefaitiCa. - 11 - B T & A % HEE- E-i-p-Y- oW Y-I-
Months
A B C D E F G H

1 Avg. Size of Outbreaks
2 |January 14.75 Temporal Trend of Average Number of Ilinesses per Qutbhreak
3 February 9.7 2
4 'March 12.71428571
5 April 16.30434783
6 Imay 15.38095238
7 june 26.41463415 20

L
8 |uly 26.37037037 5]
9 | August 11.43636364 E
10 ' september 17 %
11 | October 13.4 § 10
12 'November 5.133333333 w

<<
13 December 14.58333333
14
15 ¢

') N
2 J

% o« (@d\s
17
18 Months
19

Create a graph as described previously, and add x- and y-axes and a figure title.
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o~ o @ T 150% - § % .0 .00 123~
A B
1 onth Total Number of
2 anuary
3 ebruary
4 arch
5 Ppril
6 ay
7 une
8 uly
9 hugust
10 eptember
1 Dctober
12 ovember
13 ecember
14
15
16
17
18
19
20
21
22
23
24
25
+ = QOutbreak Data ~ Metadata ~

Default (Ca.. ~

C

Inesses

Number of Outbreaks ~

Average Size of Outbreaks ~

Total Number of llinesses ~

Search Criteria ~

What about the total number of cases of illness in a given month? Open a new
sheet and rename it as “Total Number of llinesses”. Label Column A as “Month”

and label Column B as “Total Number of llinesses”.

For this calculation, we want to sum the total number of illnesses reported in
each month by using the formula “SUMIF".
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e - § % .0 .00 123~ Default (Ca...
=SUMIF(
SUMIF(range, criterion, [sum_range]) A~ XK C

1 EXAMPLE ;585
SUMIF(A1:A10, “»20", Bl:Bl@)

2 ABOUT

3 Returns a conditional sum across a range

4 range

5 The range which is tested against criterion

6 T e e

7 ange optTl1l al

! T _ ;"' o e aral ')

8
Learn more

9 AURUSL

10 ' September

1T ' QOctober

12 'November

13 December

14

Type “=SUMIF(“ into cell B2. The “SUMIF” formula has three components

=SUMIF(Range, Criterion, Sum_range). ‘Range’ refers to the variable that is
being utilized to filter out data. ‘Criterion’ is the desired data points from the

range. ‘Sum_range’ refers to the data points being summed.
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oo B 150% » § % .0 .00 123~ Default(Ca. ~ 11 ~ B I 5 A & H

=SUMIF( ,1,'0utbreak Data'!I:1)

Month esses
January | 1771

February
March
April
May
June

[y

Ol b WM

~

8 |July

9 | August

10 September
1T October

12 November

13 December
14

15
16
Select cell B2 and as before, select column B (“Month”) in the ‘Outbreak Data’

sheet. For ‘Criterion’ type “1” for January. For ‘Sum_range’ highlight the column
labeled “llinesses” in the ‘Outbreak Data’ sheet.

The end formula for B2 should be “=SUMIF(‘Outbreak Data''B:B,2,'Outbreak
Data'!l:1)". This formula is exactly the same as the “AVERAGEIF” function except
you are replacing “AVERAGEIF” with “SUMIF”. You should get 177 total illnesses
for January.

TIEE, Volume 16 © 2020 — Justin T. Nguyen, David J. Civitello, Karena H. Nguyen, and the
Ecological Society of America. Teaching Issues and Experiments in Ecology (TIEE) is a project of
the Committee on Diversity and Education of the Ecological Society of America
(http://tiee.esa.org).



-54 -

TIEE

Teaching Issues and Experiments in Ecology - Volume 16, April 2020

~ o~ & T 150% v § % g 09 123 Defait(Ca. v 11 - B I & A % H
A B C D E

1 Month Total Number of llinesses

2 January 177

3 February 97

4 March 356

5 April 375

6 I May 323

7 June 1083

8 | July 2848

9  August 1258

10 'September 884

1T October 402

12 November 77

13 December 175

14

15

16

17

18

To insert the formula for all of the other months, COPY + PASTE the FORMULA
or drag the small green box that appears in the bottom right corner when you
click on cell B2. Change the ‘Criterion’ variable to the corresponding month (*2”
for February, “3” for March, etc.).
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Month
A

January
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March
April
May
June
July
August

ol @|wlo|lo|ls wln| =

10 September
11 October

12 November
13 December

B

Total Number of

177
97
356
375
323
1083
2848
1258
884
402
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14
15
16
17
18
19

lInesses

c

D E F G H

Temporal Trend of Total Number of llinesses per Outbreak

3000

2000

1000

Total Number of llinesses

Month

Create a graph as described previously, and add x- and y-axes and a figure title.
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Detailed instructions for visualizing the data sets in Google Sheets with

Pivot Tables

Cryplosporidium  # @ &

File Edit View Insenl Formal Data Tools
~a &P WA . s 0 00 12 - " - BI&A WH E-i-lp-% o @@ T-I.- B 1%
00w
ALE
uningwn;
2010 7 Minois
2000 7 Sauth Carsting 41062
2000 B lowa
2010 7 Pennsyteanis
2010 b Pennsphanie
2000 8 1owa
2000 8 Oregon
2040 8 Alstams
2080 B Alibarms

We can also use Pivot Tables to create the summary tables. First, highlight the
entire dataset by typing “CTRL + A”. This confirms that the pivot table will use all

the data.

Cryplosporidium  #r @ &

File Edit View insert Format
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uriknenen;

1 Water
010
2010
2000
2010
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2000
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2008 8 Asbama

Caming  Water
Watar
ndeten

IBALOG2

With the data highlighted, selécf ;‘Data” and a drop-down menu will appear.

Select “Pivot Table” from the menu (shown in the red box).

TIEE, Volume 16 © 2020 — Justin T. Nguyen, David J. Civitello, Karena H. Nguyen, and the

Ecological Society of America. Teaching Issues and Experiments in Ecology (TIEE) is a project of

the Committee on Diversity and Education of the Ecological Society of America
(http://tiee.esa.org).



-57-

TIEE

Teaching Issues and Experiments in Ecology - Volume 16, April 2020

tear Mot |state 1 | emasogy 1
2008 1 A [ t——
=300
o]
008

2008
2008

2000

2010

2008 BA10G
2008

2000

w0

2000 e
2010 Waner

2000 water

e Water

2010 rcdeterminate ther/iinkngan

2010 Wit

2010 Water 841062
2000 Water

201 e T TR LT UmATW

2010
2010

2000

Berioa-to-perion
Waner Crypansporidiu
Waer Cryprorponidium m

Select the “Create” button that appears on the screen (shown in the red box).

o . - il - 0 o - e - " - 5 . E- - i Bra ] - . -~
a7 ' o s B I & A 5] Low =% a@r-= L ! B Phvot table editor "

(-]
-
-

Suggested
Rews

Eoiumng Aot
Vsl Aad

A new sheet will appear in your data set labeled “Pivot Table 1” with a blank table

on the sheet.
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" B Pivet table editer

Ficwi

A window will appear on the right side of the screen with “Pivot table editor”
want to adjust the ‘Rows’ and ‘Values’ to complete the calculations.

Cryptosporidium Raw Datoset - Student  ¥r G @ Saved b fmve
Fde EQT View insenl Format Dasta Tocls Acd

. We

= =

. = v z “ | B pivot tabie aditer
Py

To calculate the number of outbreaks per month, designate “Month” as the

‘Rows’ variable, “Month” as the ‘Values’ variable, and specify “Count” as the

desired function. Figures can be created from these tables as described
previously.
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o B3
B I & i ] = ! L n ‘J v i = Pivot table editor
=

To calculate how the average size of outbreaks varies by month, designate
“Month” as the ‘Rows’ variable, “llinesses” as the ‘Values’ variable, and specify
“Average” as the desired function. Figures can be created from these tables as
described previously.
E] fi'l$'ptc?pa.:rlee.1zu?1R.anl'l:.;a.ulue:IS-_..!.uent.. .'.-. =] m

Catumng

To calculate the total number of cases of illness in a given month, designate
“Month” as the ‘Rows’ variable, “llinesses” as the ‘Values’ variable, and specify
“Sum” as the desired function. Figures can be created from these tables as
described previously.
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COPYRIGHT STATEMENT

The Ecological Society of America (ESA) holds the copyright for TIEE Volume 16,
and the authors retain the copyright for the content of individual contributions (although
some text, figures, and data sets may bear further copyright notice). No part of this
publication may be reproduced, stored in a retrieval system, or transmitted, in any form
or by any means, electronic, mechanical, photocopying, recording, or otherwise, without
the prior written permission of the copyright owner. Use solely at one's own institution
with no intent for profit is excluded from the preceding copyright restriction, unless
otherwise noted. Proper credit to this publication must be included in your lecture or
laboratory course materials (print, electronic, or other means of reproduction) for each
use.

To reiterate, you are welcome to download some or all of the material posted at this
site for your use in your course(s), which does not include commercial uses for profit.
Also, please be aware of the legal restrictions on copyright use for published materials
posted at this site. We have obtained permission to use all copyrighted materials, data,
figures, tables, images, etc. posted at this site solely for the uses described at TIEE site.

GENERIC DISCLAIMER

Adult supervision is recommended when performing this lab activity. We also
recommend that common sense and proper safety precautions be followed by all
participants. No responsibility is implied or taken by the contributing author, the editors of
this Volume, nor anyone associated with maintaining the TIEE web site, nor by their
academic employers, nor by the Ecological Society of America for anyone who sustains
injuries as a result of using the materials or ideas, or performing the procedures put forth
at the TIEE web site, or in any printed materials that derive therefrom.
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