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Introduction 

The spring of 2020 has proven to be an extraordinary time. With a global pandemic, suddenly humans added
the words: Coronavirus, Personal Protection Equipment, Acute Respiratory Disease Syndrome, and Ventilators
into our everyday vocabulary. As we navigate through the murky waters of social media postings, podcasts,
tweets, articles, and news feeds, we struggle to decipher what is real, what is accurate, what can be trusted.
Between the months of March 2020 and June 2020, millions of articles, videos, and studies were generated
and published for mass consumption about Coronavirus. Amidst all this, is a plethora of conspiracy theories,
fake news, and profiteering agendas that further prevent the average media consumer from really
understanding what SARS-Coronavirus-2 (COVID-19) is, how it affects the human body, and its pathogenesis.

As of July 2020, we do not have a cure for COVID-19, we do not know if antibody treatments will help prevent
reacquiring the virus, we do not know if the strain of COVID-19 is changing or mutating. What we do know as
of July 12, 2020 is that there are over 12 million cases of COVID-19 worldwide, and over 500,000 COVID-19
related deaths. 1 These numbers continue to rise as testing increases and as people ignore proven methods to
prevent disease transmission and spread. It is important to note that COVID-19 is one of 20 epidemic diseases
declared by the World Health Organization.2 This frightening list includes the seasonal influenza virus, Middle
Eastern Respiratory Syndrome (MERS), Severe Acute Respiratory Syndrome (SARS), and Ebola Virus. Seeing
this list begs the question, why? Why is there an abundance of epidemic diseases? Are human practices and
behaviors related to the emergence of these diseases? And, if so, is there a link to this and our changing
environment, land-use practices, and loss of species biodiversity? Have we, as caretakers of Earth, failed to
keep the natural world in balance? This curriculum unit will explore these questions with a focus on habitat
loss due to human impacted land-use change, the emergence of disease, and the need for solutions.
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Rationale

East Side Union High School District is large district of 11 comprehensive high schools. Mt. Pleasant High
School serves 1,271 students of which 811 receive free-and-reduced lunch assistance. Our school graduation
rate is 91%, but, although those students meet our graduation requirements less than 50% are prepared for
entrance into a University of California and California State University college path. The data do not show the
disconnect that exists. Though our students graduate from our high school, many of them are not ready for
college level work. Based on surveys given to students, anecdotal evidence from students, students at times
find the work in their classroom as “not relating to me” and thus so many students become disengaged and
disinterested in the class lesson.

Among the goals of being college ready, our district would like to have our students engage in their lessons at
a Webb’s Depth of Knowledge (DOK) of 3 “Strategic thinking and reasoning”, but this often is not achieved.3 In
writing and researching a unit of interest to my students, I hope to inspire my students to critically think and
reason through the flood of information they are exposed to via the muck of fake news, politically driven
discourse, and profiteering agendas in the social media they consume with fervor.

The inspiration for this unit was two-fold. One, when the COVID-19 pandemic broke, I received many questions
from my students that were DOK 3 questions, “Why did it happen? What was the reason behind…, and What
would happen if…?” These types of questions led me to read and begin my research into this curriculum unit. I
believe I can reach all of my students because of the timeliness of COVID-19, and I can capitalize on their
curiosity to understand and make meaning of our current situation while relating it to the ongoing issue of loss
of biodiversity and the exploitation of earth’s natural resources by humans. Second, our district is beginning to
learn a tool called Argument Driven Inquiry (ADI).4 With training, it will assist our students with the process of
supporting an argument with data and evidence. ADI helps teachers make the shift as facilitators of thinking.

Content Objectives

Having taught Anatomy and Physiology for 15 years, I have some leverage in what content I present to my
students as long as Next Generation Standards are addressed. This year with the change to distance
learning/virtual learning and the pandemic that we are facing my curriculum has to change. With a captive
audience naturally inquisitive about viruses, I know my students’ minds are open for molding and shaping,
allowing me to infuse not just a study on Coronavirus but also on how other emerging diseases are related to
one another. I want my students to see that this pandemic is likely not a one-time occurrence in their
lifetimes, and that there are related potential causes that are linked to drivers of emerging diseases. Through
a study of how we, as caretakers of earth, often become exploiters that cause destruction and irreparable
damage we affect so many other creatures to our detriment. In this unit, I will discuss the emergence of Nipah
Virus, Severe Acute Respiratory Syndrome (SARS), and SARS-Coronavirus 2/COVID -19 (Cov-19) and share
studies that link habitat loss and change to emerging diseases. This unit can be adapted for Biology and
Environmental Science classes though it is intended for Anatomy and Physiology 11th and 12th grades
students
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Content Background

As an avid fan of shows like Planet Earth, Blue Planet, and Night on Earth, I enjoy immersing myself into a
world of majestic landscapes, colorful animals, and towering trees. Viewers of these mesmerizing shows enjoy
the biodiversity highlighted in the program. We love to watch Birds of Paradise dancing, flamboyantly
displaying their feathers to attract mates, or pods of Orcas working collaboratively to hunt seals displaying
their inherent skill to communicate and work cooperatively. However, amid the beautiful scenery, just a
camera span away, is the sad reality of deforestation and urbanization. As humans we at times neglect to
recognize that in order to have the beautiful biodiverse world earth has provided us, we must protect nature
and preserve biodiversity. In a way, it seems incongruous to say, “I support the preservation of nature” while
building a multibillion-dollar shopping mall / luxury condo next to a once pristine habitat.

This curriculum unit examines one driver for biodiversity decline across the globe – land-use change. It will
explore how land-use change leads to other issues impacting human health, especially the emergence of
infectious disease. Through the exploration of these key issues, teachers and their students will understand
that the problems which exist are not the result of a single event in history, nor is the solution to the problems
one policy change. The problems, and their solutions just like our earth, are diverse, complex, and a multi-
faceted solution might be the only way to prevent the biodiversity losses in the Anthropocene.

Land-Use Practice and Emerging Infectious Diseases

Humans know that deforestation, destruction of habitat, global climate change, and decrease of the earth’s
biodiversity have greatly increased in the last 200 years. Often, we are drivers of extinction for many
organisms in our exploitation of earth’s resources. Elizabeth Kolbert’s book The Sixth Extinction, An Unnatural
History narrates how humans, for example, drove the great auk to extinction by hunting the defenseless
penguin-like birds until not one was left on the planet. She describes how rising temperatures, ocean
acidification, deforestation, and increased runoff from agriculture have contributed to the decline of once
pristine coral reefs.5 In effect, human activities, good or bad, often had larger effects on the ecosystem. This
effect may be rapid, or may take time, but we are now living through an epoch of increased extinction rates
caused primarily by us.

One driver for biodiversity decline is human demand for land. Patz et al. in “Unhealthy Landscapes: Policy
Recommendations on Land-Use-Change (LUC) and Infectious Disease Emergence” list LUCs linked to
infectious disease outbreaks and transmission of endemic infections. The list includes “agricultural
encroachment, deforestations, road construction, dam building, irrigation, wetland modification, mining,
expansion of urban environments, and coastal zone degradation.” In fact, the 2019 UN Report of
Intergovernmental Science-Policy on Biodiversity and Ecosystem Services, states that 75% of land and 66% of
marine environments have been impacted and altered by human activity.6

With increasing human population, a growing demand for land that can be cultivated and farmed follows. In
2019, Worldindata.org estimates that of the available habitable earth surface on our planet over 50% is used
for agriculture, while 37% remains as forests, and 11% is a variety of shrubs.7 Though we would like to
imagine that all agricultural lands are utilized for the purpose of feeding the human population, the sad reality
is that much of the crops grown are for the purpose of livestock feed, with 23% of the 50% is used for the
growing of crops.8 In essence, if we were truly growing food for humans to consume, we, perhaps, would solve
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the world malnutrition and hunger issues. Instead, most of the agriculture produced is for the purpose of
feeding livestock which in turn has its own set of consequences on the earth’s climate as carbon dioxide levels
continue to contribute to global climate change.9

Students in high school, know that the Amazon rainforest should be saved. But what many of them cannot
fully articulate in their argument is why it should be saved. Like many countries struggling to balance
agricultural and wild habitat land areas, even the Amazon is not immune to destruction and deforestation.
Recognizing that the Amazon rainforest produces 20% of the world’s oxygen and has over 10 million species
of plants, animals, and insects within its 2.6 million square miles, it is, nevertheless faced with many issues.
Poor land-use practices in the Amazon led to practices that disrupted the Amazon’s rivers to produce
hydropower. This one change in land-use creates barriers for aquatic species and interferes with fisheries that
are depended upon by Amazon’s indigenous tribes. Illegal and unsustainable extraction of the Amazon’s
resources like gold, trees, and aquatic species have damaged vast areas of the rainforest. In addition, with
rising global temperature, the forest is less able to protect its many riches from dangerous droughts, and the
inevitable forest fires. Beyond this problem, is the growing issue of converting dense forests for cattle
ranching and grazing lands. Cattle ranching not only requires deforestation but pastures contribute to
contamination of rivers and freshwater resources. Figure 1 below from Daniele Gidsicki shows one area of the
Amazon where deforestation has occurred. Sadly, a scene like this is becoming more typical throughout
Amazonia.10 Furthermore, carbon dioxide levels increase as more cattle are raised adding to the problem of
global climate change and warming temperature.11 With increasing cattle farms, agricultural farms, and
logging at industrial scales, run-offs to the richly diverse Amazon River are inevitable. If humans and our policy
makers do not curb our enthusiasm for natural resources we may soon create dead zones (areas where little
to no life exist) in an area once considered a Garden of Eden for its diversity of life.  

Figure 1: Amazon deforestation

11,000 miles away, on the other side of our planet, a similar pattern of destruction is occurring. The Amazon’s
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problems with land-use change are mirrored in Southeast Asia. With booming populations and an economy
reliant upon the production and sale of rubber, oil palm and logging, Malaysia, Indonesia, Borneo, and
Sumatra threaten the species biodiversity of their country for economic growth. In Indonesia and Malaysia
approximately 50% of the natural habitats have been converted to agriculture. Nearby, the islands of Borneo
and Sumatra, where there are over 15,000 species and 50 completely unique ones, are also threatened by
land-use practices. In this home of the Sumatran orangutan, rhino, pygmy elephants, and tigers, the rich
biodiversity is exploited by illegal wildlife trading, deforestation and, once again, unsustainable agricultural
practices. Here, deforestation is purposely done to raise palm-oil producing crops and coffee. So, the next
time you enjoy that rich boldness of your Sumatran coffee beans, recognize that it is probably at the cost of
habitats for rhinos, elephants, and tigers.12

The examples of the Amazon and islands in Southeast Asia are only two of many sites where humans have
caused detrimental changes to the landscape. Through these cases, it is clear that humans not only have
made an imprint on our planet, but have left a boot print smashed into the face of the earth. Battered and
bruised, Earth continues to provide us with all of our needs; however, our continued demand for resources has
also led to an unforeseen consequence – disease.

Emerging Pathogens

Patz et al. assert the link between the emergence and/or reemergence of zoonotic pathogens to
anthropogenic modifications of previously wild habitats. Humans altered the natural environment causing a
disruption in the host-parasite equilibrium. This change forced a kind of natural selection among the host or
parasite. In essence, when an organism like a bat or a bird, which are reservoirs for some viruses, is forced to
change its nesting place or food source, the strains of viruses within them are sometimes changed in order to
take advantage of a new host (humans) in the new habitat.13

In a Nature article on “Global hotspots and the correlation to emerging zoonotic diseases,” Allen et al. assert
that in areas like tropical rainforests where biodiversity is high there is an increased risk of emergence of
infectious disease (EID). Allen et al explain that with greater biodiversity, the greater and deeper the pool for
EID hosts. If there is an increase in interactions with these hosts, it is probable that an EID may arise when
humans come into contact with an infected intermediary host or the reservoir for the EID itself.14 Rebekah
White et al., confirm the work of Patz and Allen adding that reservoirs for EIDs are bats. Some species of bats
can carry 200 different viruses, bacteria, and fungi. Within some bat species, RNA viruses are likely to emerge
because they are particularly good at adapting to their new environment, and can rapidly replicate and
mutate in a new host species. White et al. continue and state that as land-use changes occur, the higher the
chance of a new virus successfully emerging. Unfortunately, the connection to our current Covid-19 pandemic
is ongoing and needs further study. Research is needed to help scientists predict when, how, and where a new
zoonotic disease occurrence might happen. This work is difficult and complex requiring cooperation and
agreement from multiple countries.15

It is important to note before entering a discussion into zoonotic diseases and emerging infectious diseases
that the term “emerging disease” is recognized as being broad and subjective. The term is defined as
“infectious disease with increased incidence in the past two decades or threatened to increase in the near
future.”16  In actuality, emergence can mean the emergence of new diseases like Covid-19, new strains of a
known virus (influenza), the re-emergence of once eradicated diseases (smallpox), and once-rare diseases
returning in prevalence (Ebola). In a nutshell, the word “emergence” could mean many things, and the word
“threatens” invokes both a sense of something ominous and something lurking to hurt humans.17 The CDC list
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of emerging pathogens is frightening. Included in this nefarious list is Ebola Virus, Middle Eastern Respiratory
Syndrome, H1N1 Influenza virus, Zika virus, SARS, and today’s SARS-Covid-2.18 This curriculum unit will
highlight three viruses that link land-use change to emerging diseases: Nipah, SARS, and SARS-Coronavirus 2.

Nipah Virus

The first example of Nipah virus in Southeast Asia arose because of a planned controlled fire to change a once
wild forest to agricultural land. Essentially, the Indonesian forest fire was set to clear the land to make way for
farms. Lam and Chua report in Clinical Infectious Diseases that the outbreak of Nipah virus in Malaysia can be
traced to the Island Flying Fox, a type of fruit bat.19 The forest fire forced the resident fruit bats to flee and
take up residence in an area with domesticated pigs in nearby Malaysian orchards. The bats feasted on the
fruit trees, and the fruit remains were consumed by pigs whose meat became tainted. Humans eventually
slaughtered the pigs and subsequently made some humans severely ill with fever, vomiting, headaches, and
brain inflammation. The inflammation of the brain led doctors to initially believe that the virus disease
affecting pig farmers was Japanese Encephalitis (JE), but when a vaccine did not work to reduce the number of
farmers being affected, JE was reasoned out. Because it was found that the intermediate hosts were pigs,
more than a million pigs were culled to stop the spread of the virus. When it was discovered that fruit bats
urinating on the pigs’ food was the cause of pig infections with Nipah virus, changes were made to the pig
farms to prevent food sources being too close to orchards where the flying foxes were prevalent. Another
change in policy was that pig farms could not be developed near fruit trees.20 Other locations where Nipah
Virus cases emerged included Bangladesh and India. Cases in these countries did not come from fruit bats
directly, but from person to person contact with already infected humans.21

Severe Acute Respiratory Syndrome (SARS)

A second example of zoonotic infectious disease is the development and emergence of Severe Acute
Respiratory Syndrome (SARS). SARS is relevant to study because of its closeness to the current novel
Coronavirus pandemic. There are seven different types of coronaviruses, but not all of them are circulating in
human populations. Some coronaviruses contribute to the common cold, whereas others can cause more
severe symptoms in humans including SARS and the current SARS-Covid-2 infections. Three coronaviruses
show zoonotic behavior, which have a seemingly common source in bat populations. Virologist Shi Zenghli
dubbed the “bat-woman of China” and her team spent a decade tracking the source for SARS virus and found
that bats (horseshoe bats) are the natural reservoirs for SARS along with other viruses.22 Their work led them
to caves littered with guano and which “stunk like hell.”23 Zenghli declared that the combination of bat species
and the variety of viruses that thrive within bats were a dangerous combination. This dangerous combination
of viruses is especially impactful when farms growing food were close to the caves teeming with bats.

The SARS outbreak, unlike today’s SARS-Cov-2 pandemic, came from bats with the help of intermediary
animal hosts: civets. (Figure 2 below) Civets are nocturnal omnivores that feed on rats and other rodents,
arthropods, and fruit. The capture and sale of civet meat at wild game markets in China were traced as the
initial source of SARS when humans consumed virus tainted meat. This new disease was different from Nipah
Virus because it seemed very similar to the flu with patients coughing and showing signs of a fever. Patients
with SARS had shortness of breath and described feeling like their lungs were drowning in fluid. Unlike SARS-
CoV-2 those infected showed symptoms after 24-36h and lacked asymptomatic cases.24 Those infected
through respiratory droplets and water fecal droplets were able to spread the virus.
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Figure 2: Juvenile palm-oil civet 25

This SARS epidemic was responsible for more than 800 deaths and over 8000 cases during 2002-2003. 26

Unlike today’s COVID-19 pandemic, SARS was never labelled as a pandemic, though by the end of its run,
there were over 8000 cases across 32 countries and 773 of the inflicted died from SARS. Simon Watt in 2012
questioned, “The 2003 SARS outbreak wrought global havoc, but quickly faded. Will we be so lucky when the
next pandemic strikes?” He predicts in his London Times article, “Next time we won’t be so lucky. And we will
have a next time.”27 Clearly his 2012 question has been answered with today’s global SARS Covid-2 pandemic.

SARS-Coronavirus-2

This next discussion of SARS-Coronavirus-2 will focus on the anatomy and physiology associated with SARS-
Covid-2. Since my students will focus on SARS-Covid-2 the unit will serve as a survey of physiological systems
affected by SARS-Covid-2. Just like SARS-Covid-1, SARS-Covid-2 is a zoonotic disease that likely jumped from a
fruit bat to an intermediary host and then humans. As of June 22, 2020, there has not been one declared
intermediate host of SARS-Covid-2. To date, that possible list includes pangolins, rodents, livestock, and dogs.
Our understanding of the origins of SARS-Covid-2 is ongoing, and data continue to pile in day by day. At the
writing of this unit in July 15, 2020, the United States led the world in the number of cases followed by Brazil
and India. To understand how “deadly” the virus is students will need to know the Case Fatality Rate (CFR),
given by the equation:  # of deaths / total # cases. To compare, SARS-1 has a CFR of 10%, while the SARS-
Covid-2 has a rate 3.7%.28 Why is the case fatality rate so low for SARS-Covid-2 and why is it important for
students to understand? The low CFR for SARS-Covid-2 is in part because of the number of unknown COVID
carriers who are asymptomatic. Asymptomatic patients therefore do not get tested or rarely get tested
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thereby reducing the total number of cases and lowering the CFR.

Similar to SARS, SARS-Covid-2 can be spread via respiratory droplets and fecal oral routes. Once viral loaded
droplets are airborne they can spread between 3 to 6 feet and the virus can survive on some surfaces for up
to 24 hrs. This mode of transmission and spread not only led to a panic to buy disinfectants, sanitizers, and
cleaners, but it necessitated the need to wear masks in all public areas. As previously mentioned, because
SARS-Covid-2 has asymptomatic carriers, the virus can spread without the carrier knowing they are
transmitting the virus. By social distancing, wearing masks, washing hands, and disinfecting surfaces the
spread of the virus can be mitigated. Unfortunately, as of July 31, 2020 the virus has not been squelched and
in states like California, Florida, and Texas the number of cases has increased for a variety of reasons,
including the unwillingness of some to simply wear a mask.

Like the common cold, and SARS, SARS-Covid-2 has a similar structure. Between SARS, SARS-Covid-2 there
are different spike proteins, making each unique from one another. Referring to Figure 3 below, SARS-Covid-2
has S spike proteins that are responsible for binding to Type 2 pneumocytes and SARS-Covid-2 releases
Positive Sense Single Stranded Ribonucleic Acid (SSRNA) into the host cell. What makes all viruses so difficult
to contain is their ability to efficiently hijack the resources of the host cell to make very many viral particles.
When the viral particles are assembled, then they can be spread to other uninfected host cells and the
process continues. How does it do this? When the spike proteins attach to the Angiotensin Combining Enzyme
2 (ACE-2) receptors on the surface of the host cell, Positive Sense Single Stranded Ribonucleic Acid uses the
cells’ ribosomes and translation processes to produce more protein molecules (viral polyproteins). COVID -19’s
SSRNA can also synthesize more SSRNA via RNA dependent RNA polymerase. With the combination of
polyproteins from translation, proteinases and SSRNA more viruses can be made with the assembly of the
viral components. If the host cell is destroyed, new viruses are ejected out of the cell and the virus spreads to
infect more cells.29  

Figure 3: SARS-Covid-2 structure.30
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As many have come to understand, the respiratory system is the first system attacked when someone is
infected with coronavirus. What actually happens to the respiratory system cannot be discussed without
discussing human immune response. Initially, the alveoli are the targets for the virus. Deep in the respiratory
tract the virus attaches to type 2 pneumocytes (structures that produce surfactants) and Type 1 pneumocytes
(structure that aide in gas exchange). The increase in viral presence and the destruction of the host cell’s
pneumocytes stimulate the release of inflammatory mediators from the immune system. Inflammatory
mediators signal macrophages.  When the macrophages are stimulated, they release cytokines that cause the
Cytokine Storm. This is similar to an army sending out all the troops to battle, without knowing exactly what
the enemy’s strengths are. Meanwhile, as the Cytokine Storm is rushing through the body, the endothelial
cells react (smooth muscles dilate). This response leads to vasodilation of the capillaries and an increase in
their permeability. With an increase in permeability of the capillaries, they push out their plasma fluid into
interstitial space between the alveoli and the capillary. The fluid compresses the alveoli and forces the thin
alveolar tissue to take-in interstitial fluid.  As more fluid accumulates inside the alveoli, surface tension
increases, and pressure against the walls of the alveoli increases. This buildup of pressure eventually can lead
to alveolar collapse. The collapse of alveoli then reduces the overall volume of oxygen that the lungs can take
in, and reduces the amount of carbon dioxide that can be removed. The total effect is hypoxemia, a decreased
level of oxygen in the blood. 31

Because there is less alveolar function, a person with COVID-19 has to work harder to take in oxygen which
might require a patient to require ventilation assistance. Inside the alveolar cells begin to accumulate and
consolidate preventing gas exchange and hypoxia. Patients with these accumulated cells, struggle to take in
air and start to cough releasing more viruses on respiratory droplets. Through this mode of transmission
others can become infected and the cycle begins again.32 It is important to discuss with students that
although the focus of this segment is SARS-Covid-2 effects on lung tissue, the ramifications of SARS-Covid-2
on other organ systems is enormous. In fact, we see many cases in which SARS-Covid-2 patients die from
multi-organ failure beyond the expected respiratory failure. These cases and the data are at this point
changing as more people become infected and test positive.

A final point regarding SARS-Covid-2 is that being an RNA virus, it has the ability to rapidly mutate unlike
organisms with DNA genomes, such as all animals. RNA viruses have large population sizes and short
generation times; coupled with typically high mutation rates, this permits such viruses to rapidly evolve and
thus potentially change to become better adapted to infecting the host. This change might be making new
proteins to attach to a different host cell receptor, or a new sequence of its genome to fool a host cell from
attacking its viral particles. Research and technology do their best to keep up with the latest strains of
influenza viruses and pathogenic bacteria, but have not been challenged to keep up with the unknown
diversity of viruses and other parasites in animal reservoirs. Only when zoonosis occurs do humans attempt to
solve the problem. Our actions are almost always reactive rather than preventive. Unfortunately, at that point,
containing the new pathogen or new strain of a once eradicated pathogen is too late.

Implications for Policy Change

How can humans minimize the risk of a new pathogen from emerging and creating a worldwide pandemic?
Patz et al recommend changes to health policies that include reviewing policies that examine land-use
changes that might be detrimental to human health and sustainable populations. In policy making, land-use
considerations should be linked to sustainable practices that diminish the risk to human health and preserve
habitats. Making decisions and policies that are narrow in their scope will lead to more reactive actions rather
than prevention of emerging diseases. If a possible reason why EIDs are more prevalent is linked to
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deforestation, changes to agricultural land-use, and habitat fragmentation, then health care policies must
include those responsible for land-use change decisions.33 A second recommendation by Patz et al includes
the review of land fragmentation and public health hazards. Examples of this include assessing logging
practices, dam construction, irrigation practices and many more.

Agreements related to land-use changes and preservation of habitat are difficult to accomplish because to
have a discussion on this matter many entities must come to a unified goal that balances economic growth
and biodiversity preservation. Those working to preserve habitats must contend with people who are in charge
of agriculture, mining, urbanization, and coastline watersheds. At the same time, conversations must be had
with different environmental groups who have different agendas whether it be to save the forests, to save the
coasts, to save our oceans, or to save our ozone. All these groups are necessary to the conversation, but
increase the difficulty of coming to an agreement. Lastly, to add to the complexity, even if countries,
environmental groups, and businesses come to an agreement about balancing economy with habitat
preservation, one variable remains that is unpredictable – human behavior. Human behavior and action will
ultimately dictate the rate at which a pathogen becomes a pandemic or simply a blurb in a small’s town
newsletter.34

Because the prevention of the emergence of disease is so complex and multi layered, multidisciplinary and
multi-nation discussions need to be involved to create policies that preserve biodiversity while allowing for
economic growth, healthy ecosystems, prevention of food waste, and conservation of cultural and indigenous
practices. This type of work by groups like EcoAlliance is not easy and is often very slow.35 Big business, big
pharma, and big Agra cannot be the only groups that dictate and determine which crops are grown, which
habitats are disturbed, and which species are worth saving. White et al, call for the need for more studies and
models that can assess the data being gathered surrounding LUCs and the potential pathogens that might
emerge from those changes. There simply is a need for more work in this area in order for reliable science-
based predictions to be made. With the complexities of biomes, the variety of viral hosts, and the rate at
which viruses and bacterial can change, a model to predict the next outbreak seems unattainable.

In a 2020 book from the National Academy of Sciences, committee writers call for a need for a change to
current strategies in response to pandemics. If nations, private and public research labs, and university
research groups were able to share clinical and epidemiological data more freely without the fear of legal
repercussions, or regulatory laws being broken, then perhaps an emerging disease can be prevented because
of the shared knowledge between these groups. As it stands, researchers often do not publicly share their
findings because of their fear of breaking regulations or local and federal laws. There is a need to create
frameworks by which leading scientists in the field of epidemiology could collaborate with one another,
discuss, and share solutions that might potentially prevent the next major epidemic.36

Classroom Strategies & Activities

Our school will begin the fall of 2020 with distance/virtual learning. Since our district will be fully distance
learning during the fall of 2020, it is imperative that teachers learn new tools to engage students within the
digital platform. The classroom strategies and tools I intend to use will need to be accessible to all students
and abilities through this medium. I will employ several applications including Jamboard and Ed-Puzzle to
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gauge student understanding while delivering content through the Zoom video conferencing tool. In addition, I
will utilize the Argument Driven Inquiry as a framework to guide my students through laboratory
investigations. Like all teachers through the summer of 2020 I will be looking at virtual ways to engage my
students while finding a balance in maintaining rigor in the virtual classroom and creating equitable class
settings. 

Introductory Lesson

As an introduction to my unit, students will use the application Jamboard to collaborate with one another in
the initial lesson. Shown to Yale National Initiative fellows by Zachary Meyers during the 2020 Intensive
Session, Jamboard allows students and teachers to collaborate with one another using a virtual whiteboard.
This application, allows teams to create Post-its, draw, insert images, create mind maps that can all be
captured digitally. Through this application students will generate words, insert images, draw related graphics
or text to the images provided on their boards. The images I will use will relate the major themes of this unit
which are land-use changes in the Amazon, mass agriculture, and coronavirus.

Throughout the distance learning period, students will enter the Zoom video teleconferencing application for
all class sessions. Initially, students are introduced to the application and given a brief demonstration
regarding the functionality of Zoom and another online tool- Jamboard.  To facilitate discussions for this unit,
students will be placed into breakout rooms within Zoom. Students will then be sent to their respective rooms
to generate their thoughts and ideas about the first image on their Jamboards. This first image will be of the
Amazon rainforest. Given a time limit of 5 minutes, student groups will generate the first words and images
that come to mind as they view the rainforest. Within their board, they will add text and drawings to their
board. Once the 5 minutes is complete, the same student group will turn to their next board with an image of
mass agriculture and logging. Students will also be given the same 5 minutes to add their thoughts about the
image to their second board. The third and final image on their third board will pictures of the 2020
coronavirus. After the last 5 minutes, students will be instructed to share their boards with the larger class,
choosing their top 3 words/images from each of their boards. Once shared, students will be prompted to
consider the connections between the three and thus allow me as their instructor, to gauge their level of
knowledge prior to delving into the larger unit. The use of Jamboard is an effective interactive tool that allows
teachers to assign students roles within groups, provide opportunities for student leadership, and structured
collaboration. In this matter, the online session can be shifted to a more student focus lesson rather than
instructor focused.

Middle of the Unit Lesson

After the introductory lesson, and student readings both web-based and textbook based, students will use a
second application called Ed-Puzzle. Ed-Puzzle allows teachers to generate videos with questions. Ed-Puzzle is
useful to check for understanding and gauge which areas of the lesson students are struggling to
comprehend. For the purpose of this unit, a PowerPoint presentation with a voice-over recording on the topic
of coronavirus will be shown to students. Throughout the presentation students will be asked comprehension
questions like: what is the purpose of spike proteins, how does the virus use the host cell to replicate, which
type of respiratory cells are damaged, and describe a cytokine storm. Ed-Puzzle allows students re-watch
portions of the lesson they did not comprehend the first time around, this data can be seen their instructor
along with other data points that show the length of time students spent watching the video, the questions
students repeatedly answered incorrectly. Another useful aspect of the application is that teachers can allow
their students to re-watch and re-take the questions to improve their grade. In using this tool, teachers can
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spend less time repeating the lecture material, and can save time from having teaching material already
understood by the whole class. The results of the Ed-Puzzle scores, allow teachers to focus on topics that are
the most troublesome for students to grasp.

Student Online Investigation Lesson

Our district is exploring pedagogical tools that increase students’ Depth of Knowledge to at least a level 3,
“Strategic thinking and reasoning” or higher. By training teachers in Argument Driven Inquiry (ADI) teachers
are able to model a systematic approach to write and defend a scientific argument based on scientific
principles and evidence.37 Through the ADI model, teachers instruct students to craft their own scientific
argument through online examples and investigations. This model encourages students to engage in a critical
thinking at multiple points throughout an online investigation. ADI also provides guidelines for teachers to
engage students in drafting argument statements based on their observations of a phenomena in a video or
demonstration.

In this unit, student will use the ADI model to look at data regarding country’s rate of habitat loss. Students
will collect images, maps, or other web-based resources to investigate their assigned countries habitat change
and rate of emerging infectious disease. Having been exposed to content building lessons on examples of
deforestation, mass agriculture, and an exemplar zoonotic disease, students will participate in their own mini
investigation of an assigned country. Countries may include Peru, Malaysia, and Borneo among others where
land-use has increased significantly in the last 20 to 50 years.

At this point in the unit, students will have had a chance to watch several videos, read articles, and completed
web-based check point questions through Ed Puzzle. With their assigned countries students are prompted with
the question, “Should (country) tighten their land-use policies and restrict habitat clearing?” Students will
spend offline non-class time gathering data to then share within their group when class returns. Within their
small groups, students formulate an initial statement of argument, and support that argument with the data
they’ve collected. This is then followed by a review by other groups in a double-blind manner. Students will
then reflect on the comments from their peers and generate a second revised argument statement. This new
statement will be presented in a small group setting and members of that group will then attempt to repeat
what the students’ argument and evidence basis in order for the original author of the argument to see the
weakness or strength of their argument. In doing this reciprocal teaching activity, students not only practice
listening skills, speaking skills, but also focuses them to write and state a succinct argument based on fact.

The conclusion of this lesson will be students presenting their findings in a two-minute mini-presentation
regarding the original prompt, “Should (assigned country) tighten their land-use policies and restrict habitat
clearing?” At the end of the unit, it is my hope that students not only have increase their awareness of the
consequences of earth’s growing habitat loss but also recognize that these losses are primarily driven by our
choice to convert the land for farming, logging, or housing. In addition, I hope students will articulate how
emerging diseases have increased with habitat loss and the potential reasons for it including zoonotic jumps.
Finally, I believe this unit will solidify my students’ basic understanding of the coronavirus and how it can
cause systems wide damage to the human body.
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1 World Health Organization, COVID-19 case updates, Accessed July 11, 2020

2  World Health Organization, Disease Outbreaks, Accessed June 16, 2020
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Classroom Materials

This unit is written with distance learning in mind and thus requires only internet access, computers, and the
download or several applications including: Zoom, Jamboard, and Ed-Puzzle. Videos and images are obtained
by doing a simple search through Google Image and YouTube.

Appendix of Implementing District Standards

This curriculum allows high school Biology or Anatomy and Physiology teachers to address the Next
Generation Science Standards. Specifically, this unit meets performance expectation topic Interdependent
Relationships in Ecosystems. The Performance Expectation (PE) for this unit is HS-LS2-6. This PE states that
students will be able to understand that ecosystems are complex and the relationships within the ecosystem
are interdependent. Students will be able to describe how organisms within ecosystems affect one another as
conditions change. Furthermore, students will cover Cross Cutting Concept HS-ESS3- 1 Cause and Effect.
Through the investigative lesson on a country’s habitat loss and emerging infectious disease students are
formulating correlations to emerging disease and habitat loss. This investigation allows another standard to be
met: Science and Engineering Practices’ Engaging in Argument from Evidence. In HS-ESS3-2, students
participate in peer reviews of their individually generated arguments form evidence. In the peer reviews and
mini presentations students must provide scientific reasoning for their arguments and share the data they
have gathered. Critiques from peers allow students not only to have ownership of the class, but provide
opportunities for academic language building in a collaborative setting. Finally, in the Jamboard discussion
students are able to articulate their ideas related to Disciplinary Core Idea (DCI) ESS3.C: Human Impacts on
Earth Systems. This DCI runs throughout the unit as students understand the many ways in which human
action can either be sustainable for the environment or lead to its destruction creating dead zones where
nothing survives. Students will articulate the need for reformation of current land-use policies in order to
manage our natural resources in a responsible and sustainable manner.
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