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Introduction

In a letter to Benjamin Rush in July 1773 Benjamin Franklin wrote, “I have long been satify’d from Observation,
that besides the general Colds now termed Influenza’s, which may possibly spread by Contagion as well as a
particular Quality of the Air, People catch Cold from one another when shut up together in small close Rooms,
Coaches, and when sitting near and conversing... | think too that it is the frowzy corrupt air from animal
Substances, and perspired Matter from our Bodies... which infect us...”1 There are many times when you are
in close quarters with others; riding the bus or the L, in and out of an Uber, teaching five classes of thirty
students, concerts, etc. In all of these situations microbes are airborne and abundant on surfaces, constantly.

“Achoo,” you hear from the person nearest to you. It is that time of year, cold (or flu) season, mostly in the
Spring or Fall according to the CDC.2 You ask yourself, “Did | get a vaccine? Am | protected? Where is my hand
sanitizer? Is it feasible to walk around in a bubble? | really do not want to be sick, please do not let me catch
that.” If you are a teacher like me then more often than not you are hoping that your students who are
sneezing, do it into the inner crest of their elbow to prevent their airborne microbes get all over your
classroom and spreading to the remaining hundreds of students you have yet to see. You are also
appreciating whoever taught them to sneeze in that elbow-covered fashion.

The common cold is so common that there are 99+ variations of the most common virus, the Rhinovirus.
Treatment is so far only palliative as no vaccination and approved antivirals are available for rhinovirus
infections because of the usually annoying but uncomplicated course of the disease, only drugs without side
effects will be accepted by otherwise healthy patients.3 For a reasonably healthy person, their immune system
can identify, fight and protect the body against the cold. However, for those who are ill, especially with a
respiratory disease, the cold can be deadly. How do you best protect yourself and others from catching a cold?
How do you best prevent the spreading your cold?

Background Environment

School of Excellence is categorized as a turnaround school. In the Chicago Public Schools district schools that
do not make adequate yearly progress (AYP) for several consecutive years are often recommended for closure
or turnaround. With that, the Academy for Urban School Leadership (AUSL) in conjunction with local
universities supports a program that specially trains teachers to support their mission in their turnaround
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schools. Typically, about 25% of the staff will return post turnaround; however, that did not happen at
Marquette. Currently, my school has 1,149 students enrolled. Marquette has a diverse population with 60% of
our student body being Hispanic and 37% being African-American. About 97% of the students are from low-
income homes, 24% mobility rate, 29% of students with limited English skills, and 9% of enrolled students are
diverse learners.4 Students within Chicago Public Schools (CPS) predominately experience science in their
middle school years through three different strands: physical science, life science, and Earth science. Some
schools elect to teach an integrated program in which each strand is taught within every grade. In most
schools, each strand is taught in isolation, though making cross-connections of disciplinary ideas between
strands. At my school, seventh grade science, uncovers the big ideas around life, both microscopic and
macroscopic life.

Over the course of the year students unpack big ideas from the Next Generation Science Standards (NGSS).
These standards include LS1: From Molecules to Organisms: Structures and Processes: How can one explain
the ways cells contribute to the function of living organisms?, LS2: Interactions, Energy, and Dynamics
Relationships in Ecosystems: How does a system of living and non-living things operate to meet the needs of
the organisms in an ecosystem?, LS3: Heredity: Inheritance and Variation of Traits: How do living organisms
pass traits from one generation to the next?, and LS4: Biological Evolution: Unity and Diversity: How do living

organisms pass traits from one generation to the next?s Teaching life science for the past four of my six years
through a model-based inquiry approach has allowed me to push the envelope of how my students learn.
Contrary to the past, students discover the disciplinary core ideas through investigation then support the
ideas with evidence of their own. Every unit has an overarching question that drives the learning and to help
students explain their thinking, explanatory models are used.

Whom the Unit Serves

My students are some of the most amazing people | have ever been fortunate to know, let alone teach. The
vast majority of my students are not native English speakers, they have either exited out of the bilingual
program or are working towards exiting. In middle school, we do not have specific English language learning
(ELL) classrooms. Students learning the language are fully immersed into the general education setting. As
their teacher | provide modifications and accommodations to the curriculum to support their understanding
through the English language. Their supports do vary slightly from those who hold an Individualized Education
Plan (IEP). This past school year, I inherited four students in the third quarter and one in the fourth. Since |
have a higher rate of mobility, planning and executing Model Based Inquiry (MBI) does pose its struggles as
well. However, | provide multiple activities for students to gain an understanding of the science content.

Background

The global history of the common cold

The cold can be dated back to the Stone Age on the assumption that, with people living in such close
proximity, it must have been present. Throughout China and Egypt, many herbal remedies and even
acupuncture therapies were attempted to cure the cold once caught. During the Greco-Roman Era, many
believed the cold was derived from the weather. In these settings, it was considered possible to burn the cold
out to rid the body of mucus believing it was the cause of illness. Today, we know that mucus membranes line
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the mouth, nose, throat, sinuses, and lungs. These membranes can also be found lining the respiratory tract
for protection and support. Think of it as the lid of a pot, holding the moisture in. It also contains antibodies
that recognize the body’s invaders.

From the Early Modern Period to the 18th Century, plants became more of a regular remedy to remove the
mucus from the brain or blood. In the 19th Century, proponents of the infection theory first associated the
pathological microbes that caused iliness with bacteria or simply called them “cold pathogens.”6 In 1946 the
Common Cold Unit (CCU) was established shortly after the British began to warn the public of the danger of
spreading infection and the importance of personal hygiene. “For about 50 years, we have known the culprits
to be rhinoviruses or other subgroups of the so-called picornaviruses, which lead to short-lived infections in
the mucus membranes of the nose, throat and sometimes the bronchial tubes.”?” Today, the common cold is
still common and even more widespread than it has been in the past. There has been a discovery of a third
emerging strand in recent years.

Respiratory system

To best understand the effects of an infection to the body, we must look at the system where the infections
take place: the respiratory system. Like any body system, the respiratory system is comprised of a specialized
group of organs. The system can also be divided into two different subgroups of organs, determining the
upper and lower respiratory tracts. Together, these organs carry out multiple functions for living, but mainly
facilitate the efficient trading of gases from the air to blood. Organ structures will be referred to as well as the
range of functions are discussed that relate to this unit and previous units taught. Note that although
cardiovascular system works closely with the respiratory system it will not be extensively discussed.

Mouth —— Pharynx
Larynx Trachea
cicig Left Lung
9 Left Bronchus
Right Bronchus Left Bronchioles
Diaphragm

Figure 1 The structures of the human respiratory system. Courtesy: Diagram of "Human Lungs" Wikimedia

Curriculum Unit 17.06.05 3of 17



Commons (public domain)

The respiratory system aids in breathing. While breathing, air is inhaled through the nose and mouth. Air then
moves through the pharynx, larynx, and trachea into the lungs. When air is exhaled, it follows the same route
as during entry but backwards. During typical inhalation, the diaphragm and chest walls contract, elevating
the rib cage. During normal exhalation, the muscles relax. Gas exchange between the lungs and bloodstream
is known as external respiration (Figure 1). Oxygen is exchanged for carbon dioxide waste inside the lungs
through a process called external respiration. This respiratory process takes place through hundreds of
millions of microscopic sacs called alveoli. Oxygen from inhaled air diffuses from the alveoli into pulmonary
capillaries surrounding them. While pumping through the bloodstream, oxygen binds to hemoglobin molecules
in red blood cells. Concurrently, carbon dioxide from deoxygenated blood diffuses from the capillaries into the
alveoli, and is expelled through exhalation. The fluid in the bloodstream transports oxygen to cells and
removes waste carbon dioxide through internal respiration, another essential function of the respiratory
system. In this process red blood cells carry oxygen soaked up from the lungs around the body. When
oxygenated blood reaches the narrow capillaries, the red blood cells free the oxygen. It diffuses through the
capillary walls into body tissues. Simultaneously, carbon dioxide diffuses from the tissues into red blood cells

and plasma. The deoxygenated blood carries the carbon dioxide back to the lungs for release.s
Respiratory Infections

Respiratory infections account for more than 4 million deaths annually and are the leading cause of death in
developing countries. Since these deaths are preventable with adequate medical care, a much higher

proportion of them occur in low-income countries.? The respiratory tract can be categorized between two
sections, the upper and lower tract. When considering an upper respiratory tract infection (RTIs), this would
affect the nose, sinuses, and throat, for example the common cold or the flu. On the other hand, a lower
respiratory infection affects the airways and lungs, pneumonia or the flu are examples of lower RTls.
Respiratory infection is caused by two different microscopic matters, bacterial or viral. Most infections are
caused by viruses. Focusing on the rhinovirus, the common cold, | explore some characteristics of viruses,
expanding on their structure and function, the various types, and how they replicate, hijacking your cells.
Later, rhinovirus will be discussed and then further compared to the Influenza virus.

Viruses

Viruses were first visibly seen in 1931 when the electron microscope was invented. Viruses are not living and
are smaller than bacteria. They are considered to be non-cellular replicators, containing genetic material. In
order to replicate they need a living host. You may be asking yourself, “wait they're not living but have
genetic material like | do?” | had the same thoughts, hopefully | can make sense of this for you, as | did
myself. Viruses can be classified by two different components, their genetic material and their capsid. All
viruses include genetic material, but the details can vary: double-stranded DNA or single- or double-stranded
RNA, and a protein coat (capsid), protecting the viral genome. If the virus contains DNA, the virus must enter
into the cells nucleus where its DNA is housed, with the ability to directly inject its DNA into the host cells’
nucleus. Viruses get really slick when they have RNA. They must trick the host cells to produce RNA
polymerase, which transcribes the RNA to create a complementary strand, forming a double helix with both
stands. After this the cell will begin to integrate the RNA double strand as its’ own DNA within the nucleus.

A lot of viruses have an envelope, a lipid bilayer that surrounds the protein coat, aiding in the invasion of the
host cell by making an easier entry. Many viruses are more complex, containing an additional outer
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membrane derived from plasma membrane of a cell during exit from the cell.10 After Figure 2, (1) the
replication process begins with the attachment to the cellular surface. (2) Once attached the virus will
penetrate into the host cell. (3) Within the host cell, the viral DNA is released. (4) Since viruses do not have
the capacity for protein synthesis or an energy source, new protein coats are synthesized in the host cell with
the help of mRNA. (5) While the capsids are forming, DNA is waiting to combine with the new capsids. (6) Next
is assembly in which both parts meet again and the capsids surround the viral DNA, making a complete
replication. (7) Lastly, the host cell erupts, releasing the mature viruses to repeat this process in additional
cells.

Figure 2 The viral replication process. Courtesy: Drawing of "Virus replication" Wikimedia Commons (public
domain)

There are four main strands of the common cold, the Rhinovirus, originating from a virus: 1) the rhinovirus
which is the most common and has 99+ variations; 2) human parainfluenza virus; 3) respiratory syncytial
virus; and 4) human metapneumovirus.11 The rhinovirus itself can be classified into three species. The
determination between species results in the virus’ variance in capsid properties, genome organization, and
primary sequencing conservation.12 The cell receptor has just been identified for the rhinovirus C (RV-C)
species, which can cause more severe illness than members of the RV-A or RV-B species.13

Immune System

Benjamin Franklin was onto how the common cold can be transmitted from person to person, close quarters
and engagement with one another. It is believed that catching a cold is done so through close and personal
contact. In general, 80% of infectious diseases are spread by touch.14 Think about that...From shaking hands
with someone with a cold or using the same doorknob as someone with the flu or when you watch a student
get a drink of water and it looks like they are kissing the water fountain where microbes probably thrive.
Catching it is not the hard part, preventing and “treating” it is. When the body encounters a bacterial or viral
infection, the immune system goes to work, which includes tissues, organ systems, and specialized defense
cells. There are three major defenses of the immune system: innate defenses, adaptive defenses, and the cell-
mediated response. “Many of the symptoms that make a person suffer during an infection—fever, malaise,
headache, rash—result from the activities of the immune system trying to eliminate the infection from the

body.”15 Which raises the question; is it then too late to treat?

W. Mark Saltzman describes the immune system as a defense department for a small country. 16 | will discuss
it as if it were a royal medieval castle. | will use structures and functions of a castle in comparison to the
structures and functions of the immune system. Picture a medieval castle, the ramparts or castle walls are like
the body’s skin. They act as a barrier of defense against the enemy, a pathogen. The castle’s keep, where the
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Lord of the castle rules from could be compared the primary lymphoid organs (bone marrow and thalamus),
the command center of the immune system. Naturally, the castle tower and lookout points could be
considered as the informants of immune system, secondary lymphoid organs (lymph nodes and spleen). The
different levels of the royal army would be similar to the all the specialized cells (macrophages, natural killer
cells, neutrophils, B cells, dendritic cells, and T cells).17

When pathogens enter our bodies, gracing us with their presence there are two parts of the immune system
that may be triggered, the innate and/or adaptive responses. The innate response is the defense that reacts
immediately and acts within hours, similar to the soldiers of the royal army. It also can recognize different
classes of microorganisms or the enemy.18 “The innate immunity is not always completely effective in keeping
pathogens out of the body. Some pathogens have developed ways to avoid detection by the innate immune
system. In addition, the innate immune system might simply fail to work effectively enough to clear the
pathogen before an infection is established.”19
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Figure 3 The cellular and tissue structures of the immune and lymphatic systems. Courtesy: Diagram of
"Anatomy of the Lymphatic System" Wikimedia Commons (public domain)
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If the pathogen is a beast of an enemy, your body will, unknowingly, recruit the adaptive defenses. The
adaptive response, which could also be referred to as the commanding officers of the royal army in our prior
analogy, may not go to defending against the pathogens for days, and has a more specific recognition of
microorganisms. This response is capable of keeping a record of microorganisms it has encountered, acting on
the recall when it recognizes it and responds to that pathogen with a specific response.20 Specific cells that
work within the adaptive response are B cells and T cells. B cells originate from bone marrow and attack
outside the cell’s body, while T cells grow in the thymus and attack within the cell. B cells operate out of the
antibody-mediated immunity and T cells operate from the cell-mediated immunity. “Both B cells and T cells

are capable of uniquely recognizing specific pathogens.”21

Macrophages operate in both the innate and adaptive responses. This is the most significant cell that surveys
the host for viral infections. It has the capability to cause a response when imitated with similar parts of a
viruses such as viral RNA. In order to produce cytokines, the macrophage’s surface contains turnstile-like
receptor that must interact with the parts of a viral or bacterial pathogen. The cytokines operate to engage

other immune cells, provoke inflammation, and create systemic symptoms such as fever.22 These processes or
symptoms stimulate immune cells to take action, hinder pathogen growth, and prepare damaged tissues for
repair. Macrophages engulf pathogens through the process of phagocytosis. Through this process of
phagocytosis, the macrophages’ flexible structure is able to reach the pathogens, like Stretch Armstrong, and
break it down by engulfing and eating it.

Lymphatic System

The lymphatic system is tied to many other systems in the body, and it will be discussed in its’ relationship to
the immune responses. It produces and distributes cells, lymphocytes and macrophages (members of the
royal army), to battle diseases. Within this system, lymph vessels are tasked with draining the fluid from all
parts of the body and returning it to the heart. The spleen is a fragile organ that carries the responsibility of
filtering blood for pathogens, debris, or weary cells. It is filled with lymphocytes and macrophages that can
mount an immune response readily if antigens are sensed. Lymph nodes are found forming along lymph
vessels. As lymph passes from a vessel to a node, it begins to doddle and trickle through passageways that
are lined with millions of lymphocytes and macrophages. When the lymph node is annoyed and irritated by a
pathogen, it will swell.

Antibodies, also known as immunoglobulins, are specialized protein molecules that are generated by white
blood cells. These molecules play a vital role in the immune response by distinguishing and binding to specific
antigens or pathogens, such as viruses or bacteria, aiding in their demise prior to their entry to cells.23 There
are five different classes of immunoglobulins: in regards to the rhinovirus | will discuss one, Immunoglobulin A
(IgA). IgA is found predominantly in mucus, saliva, sweat, tears and secretions of the gastrointestinal tract.
Thinking about where IgA is most found, it makes sense that it works against the common cold because of the
symptoms we experience; runny or stuffy nose, mild or sometimes hacking cough, and sore throats, are found
in structures that contain a mucus layer for protection. When we catch a cold, it's no wonder why IgA is our
prime antibody working to have our backs.

Biomedical Engineering of Vaccines

The common cold is unlike any other human disease because of two factors: firstly, it is arguably the most
common human disease and, secondly, it is one of the most complex diseases because of the number of
viruses that cause the familiar symptoms. These two factors have made a ‘cure’ for the common cold one of
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the most difficult scientific and clinical endeavors. There is a substantial economic impact of common cold
because of the large number of consultations to general medical practice. Therefore, there is need to improve

the current standards of treatment for the common cold.24 This makes me wonder; how are influenza vaccines
developed to have multiple strains in it, while engineers are crossing their fingers and hoping one will be a
main strain that can be combated by the vaccine, while the rhinovirus has the opposite issue of many possible
strains but a vaccine has not been developed even for one strain?

“Vaccines can be produced to treat infectious disease that are caused by viruses, bacteria, parasites, and

other infectious agents.”25 Vaccines are preventative measures against infectious diseases to prolong life
through an acquired immunity. They have been proven to be safe and successful for people of all ages around
the world, any in many cases they have saved lives. Due to their effectiveness, some infectious diseases that
are fatal, like smallpox, have been eradicated or eliminated. There are variables that affect the effectiveness,
such as, the disease itself, the strain of vaccine, if there is a specific schedule to follow, the need of boosters
over time, age and ethnicity. Vaccines have helped to control against outbreaks of infectious diseases like
influenza and the measles. Customarily, vaccines contain a very diluted form of the virus or microbe,
resembling the original form. Once administered, it allows the immune system to identify it as an invader to
attack and demolish it. This allows for T cells to remember this invader to be later identified in the future and
act upon it in the same way, if caught again.
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Vaccine

Injection

Vaccines may contain
weakened or dead microbes

Figure 4 The administration of a vaccine through injection. Courtesy: Diagram of “Vaccine” Wikimedia
Commons (public domain)

There are eight different types of vaccines. For the comparison of the rhinovirus and influenza virus, | will
discuss the two types of influenza vaccines. The first type is generally known as a killed, inactivated vaccine,
which contains particles of the virus grown in a lab and killed. These tend to produce less than robust
responses by the immune system. The second type is known as a live, attenuated, vaccine which contain
active and spry viruses that have been developed to tone down their toxic effects but are very close to their
original state just less menacing. Through this, the immune system is able to trigger a diverse immune
response that also provides a more long-lasting immunity. Most commonly, vaccines can be administered
through injection or orally, as seen in Figure 4. Side effects can be experienced which include, muscle aches,
pain near the injection site and in some cases a fever. When born your vaccination journey begins, continuing
with traveling and schooling mandates, this may pose some controversy which will be later addressed.

Human rhinoviruses are considered harmless when compared to more deadly infectious diseases, usually
remaining confined to the upper respiratory tract and only occasionally spreading to the lungs. Between the
US and the European Union there have been thirteen vaccine trials and three antiviral drug trials for the
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Rhinovirus. As for the other strains of the common cold there have been an additional seventy-three vaccine
trials and fifty-seven antiviral drug trials. Vaccines have proven to eradicate Smallpox and the Poliovirus.
However, because of the variations and changeability of the rhinovirus makes it next to impossible to
eradicate the common cold.26 When mapping the genome of the rhinovirus there is “ a large degree of
sequencing diversity among the rhinovirus manifests as amino acid changes in capsid surfaces.” [rhino book] |
can infer that due to the changes or mutations in the just the capsid alone can cause for thousands of
different combinations, resulting in an excessive amount of varied genotypes, genetic code, of the rhinovirus.
Although it is possible to measure and define relative relationships among any set of existing causes for

variations, it is virtually impossible to retrace the exact lineages that gave rise to them.27

Currently across the world, pharmaceutical interventions are being deemed necessary by World Health
Organization’s (WHO) Battle against Respiratory Viruses initiative. The RNA respiratory viruses (NIRVs) are
responsible for a higher annual morbidity and mortality than influenza viruses, across all age groups. The
initiative has highlighted the need for an enhanced clinical and epidemiological surveillance for respiratory
viruses.28 When you read how to feel better from the common cold on the Center for Disease Control and
Prevention’s (CDC) website the very first statement is, “there is no cure for the common cold.”29 However,
they direct you to do drink plenty of fluids and get rest. It may be safe to say that the common cold will always
be living among us and we need to better care for ourselves to prevent catching it. This leads me to believe
that maybe the best way to inadvertently cure the cold, is to look into our health habits.

Ethical Issues and Vaccines

Vaccines have made quite the impact on the world over the course of decades, from eradicating smallpox to
minimizing the serious infections like the measles or polio. There are many debates in regards to vaccinations,
such as development, regulation and applications. Here | will discuss issues mainly connecting to the
regulation and mandates for our schools, governed by our states. “The first school vaccination requirements
were enacted in the 1850s to prevent smallpox. Federal and state efforts to eradicate measles in the 1960s
and 1970s motivated many modern mandates policies. By the 1990s, all 50 states required students to

receive certain immunizations.”30

Conflicts with vaccination mandates can stem from individuals or communities who appose the mandates due
to religious or philosophical beliefs, leading to ethical controversy. For example, the human papillomavirus
(HPV), which is a sexually transmitted disease, is currently suggesting three doses of the vaccine for girls,
beginning at age 11-12. Naturally, this vaccine identifies the possibility of premarital sexual intercourse in
young girls, conflicting with religious and person beliefs of abstinence. Initially, it also raised questions if it is
equitable to vaccinate only one gender, why only females? Currently in the United States, it is suggested for
all developing children to receive the HPV vaccine.

When there is conflict usually comes some form of negotiation. In the case of vaccination mandates vs.
religious or personal beliefs for students within schools, there are now exemptions for students and their
families. The entire United States (US) allow such exemptions for medical reasons; addressing personal beliefs
and differing vaccination concerns, 96% of the US allow religious exemptions; and 40% of the US provide
exemptions for philosophical beliefs. 31 As with any ethical issue, this one is no different in the balancing act of
respecting personal beliefs and the best interest for the community, in this case, it is our health. However,
with vaccines, it must be all or none.
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Conclusion

Throughout the curriculum unit | reviewed what the common cold is and when it is believed to have
originated. | first discussed the rhinovirus’ affect on the human body from the cellular to systematic levels.
While also discussing the body’s response to defend against respiratory infections. | specifically focused on
the respiratory, immune, and lymphatic systems, discussing their functions and relationships to each other.
When reviewing the immune system, | refer to the many components similar to a castle’s defense. | also dig
into the operations of the innate and adaptive responses all the way down to a cellular level. Later in the unit,
| talk about how viruses are structured, also the replication process viruses perform within human cells as
hosts. Lastly, after the discussion of viruses, | focus on immunoglobulins and their relevance to protect our
bodies. | wrap up with the understanding of why there is not a vaccine for the rhinovirus. Due to some
controversy in public education, | tap into the ethical issues of the regulations and mandates of vaccines.

This research and curriculum development is extremely valuable to the work | do inside my classroom. More
often than not, as public school teachers, we have to flexible and sometimes “learn as we go.” In some cases,
that is the best we can do based on time and additional variables, yet its not deserving of the students | serve.
This work has taken the learn as we go mentality and developed my understanding to be specific and
thorough. It has allowed me to build a content rich wealth of knowledge before teaching, permitting me to
focus on my students’ understanding, not my own.

The common cold is one of the leading reasons why students miss my class and the rest of their school day,

resulting in 22 million school days lost annually across the United States.32 With all the variables my students
face, they cannot afford to miss school because of a cold. | hope that we can find a cure or develop a vaccine
for the rhinovirus. Who knows, maybe it will be one of my students or yours.

Implementation Strategies

Beginning this unit with a puzzling phenomena anchors student exploration, investigation and explanation of
how and why phenomena occur with the use of science ideas. For my students, this provides a familiar start to
how we begin each of the units that they experience in my classroom. This provides students with a specific
real-world scenario to focus their explanations paired with a BIG (overarching) question. It also allows for
application and transfer of learning to new concepts learned back to the initial phenomenon. Students revise
their thinking after one or a couple of activities, revisiting the initial phenomenon and apply their new learning
back to the overarching question in the unit. Through this process, my students are constantly revising and
molding their understanding. This process helps my students to retain what they are learning, enhance their
critical thinking, and apply all their learning to an array of general situations.

Explanatory models accommodate different learning styles. They do not just stop at reading and writing, they
allow students to visually represent their thinking (i.e., through drawing). Research shows that having
students draw out their explanations supports learning.33 Asking students to represent their ideas through
illustrations provides a window into their thinking for the teacher and supports students in making sense of
the content. Drawing is not only a helpful strategy for ELL and diverse learners who struggle with writing, but
for all students. As students acquire new learning and evidence over the course of a unit, they need periodic
opportunities to revisit and revise their models. Explanatory models require students to use science principles
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and ideas to explain real world events/occurrences. Stated another way, explanatory models require students
to relate the observable (effects) to their unobservable (causes).

Incorporating summary charts is a common practice in my classroom. The goal of the summary chart is to
help students connect the classroom activities to the BIG question of the unit; encouraging student ownership
and ensuing learning. A summary chart becomes a living, breathing document in the classroom that tracks the
learning. Summary charts display a record of all activities that were done to track and explain the puzzling
phenomenon. For each activity, the class makes observations about evidence or data collected and new
information they have learned that can help inform their answer to the BIG question. They then interpret this
evidence and connect it to an overarching explanation of the phenomenon. Having the summary chart assists
students to make their final models, explaining the phenomenon. It helps students to revise and critique their
thinking as they go.

Students love to debate and prove that they are right. Meaningful discourse in my classroom occurs when
students build on each other’s ideas to make meaning about the content they have investigated. By engaging
in meaningful discourse, students are able to improve their ability to make connections, reason logically, and
listen to and enhance each others’ ideas. These 21st century skills are imperative to college and career
enthusiasm as well as meaningful participation in a democratic society.

Student Activities

To launch this unit, an image of a sneeze will be shared with students from the Howard Hughes Medical
Institute. They will be asked what they believe the image to be and what they believe our unit to be about. In
the image you can see a human sneezing with a firework-like shower of liquid droplets and clouds of moist
gases coming from the nose and mouth. Through analysis and discussion of the photo, students can
distinguish that this is a sneeze. Further analysis of the photo will be conducted to infer the spread of
pathogens. Using this photo allows for multiple interpretations but will be relative to the sequencing activities
in this unit, which will permit various revisits to the photo as a model of a sneeze.

Understanding the respiratory system activity. Through the use of balloons, string, and a ruler; students
independently explore assorted volumes of air that move in and out of the lungs. As described by Steven S.
Segal, this lab demonstrates how the capacity of the lungs change based on differing conditions. The
conditions include; A) normal full volume; B) respiratory reserve volume; C) expiratory reserve volume, and D)
total lung volume, as measured while sitting. The last condition E) reflects the effects of standing on assisting
the progress of filling and emptying the lungs with air. For each condition students breathe into a balloon and
measure the circumferences with string, recording and comparing their results with peers, to determine the
average for the whole class. This activity permits every student to have a personal engagement to
understanding the lungs function to the respiratory system, please note students with asthma or other
respiratory difficulties should refrain participating. In the conclusion of the activity, students answer a series of
analysis questions in their science interactive notebooks. With this activity, students research the different
structures (organs) and functions of the respiratory system to build their understanding of how the respiratory
operates as a whole.

Viruses and their construction for replication activity. When trying to understand viruses, there are a few
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concepts students must explore; are they living or not; level of danger they evoke; virus structure(s); possible
hosts; and the replication process. In this two-part activity, multiple resources (videos, texts, and diagrams)
are presented to students to provide them an ample background of the concepts. Once research has been
discussed, students create a three-dimensional (3D) model of an icosahedral virus—a biological nanomachine.
The icosahedral shape is very common and includes viruses such as the polio virus, common cold
(adenovirus), and the virus that causes hepatitis A. This allows for student understanding of a virus structure.
After construction has been completed, students use the 3D virus to record the virus’ replication process
within a host cell to demonstrate its’ function using a stop-motion animation app on an iPad. Though the use
of the animation, students are provided the opportunity to be creative in their explanation or story of how a
virus can infect one cell and spread throughout the body.

The immune system’s recognition function will be explored in an activity, adapted from Regenerative Medicine
Partnership in Education and Duquesne University’s lesson. Prior to completing the following activity, students
would have completed a guided research activity, a Webquest, to determine how the different structures of
the immune system function. From there students further explore the function of white blood cells. They will
specifically determine the role of shape has in cells, particularly B and T cells, to identify the difference of
what belongs to the body and what is destructive to the body. These two types of white blood cells have this
ability because they have special receptors on their surfaces that match to a single, very specific target
(antigen). By using salt-clay, students will cast clay “receptors” to fit a detailed object, or “antigen” (like a
Lego or other small object) - this is the target for the receptor. The next day, these “receptors” and their
“antigens” are mixed up and redistributed. Through hunting and matching, they attempt to fit receptors with
the correct target, students will either make “true fits” or “false fits” with their receptor. When students make
a true fit, each pair will use a hand clapper noisemaker and say, “Flawless Fit!” The shapes of some targets
will have very intricate and unique shapes making it easy to tell them apart from other targets. These types of
targets will make the best fits with their receptors because it is certain that it is the true target. The shapes of
other targets might be less detailed and easily mistaken for another target. These make false fits with their
receptors because students cannot be sure if the target is the true one. Through this activity, student continue
to build their understanding of how viruses affect the body and in turn, how the body reacts to the invasive
virus.

Simulating an infectious disease through sharing cups activity. Often times students will ask each other for a
sip of their friends’ juice, sometimes you will hear the owner say, “don’t put your lips on it,” and the barrower
will waterfall drink the juice. With this unit focusing on the common cold and how is spreads, this idea of
sharing drinks will sure resonate with students. To begin this activity, the question, can you contract HIV from
sharing your bestie’s cup at the park? Students will simulate the transmission of a “virus” in a community
through sharing (not drinking) water in a cup with their peers. In a select few cups, they are tainted with the
virus, sodium carbonate (which is clear). Once students have shared their drinks with everyone, they will test
to see who's cup test positive for the virus. By using phenolphthalein, an indicator, will determine where the
virus (sodium carbonate) has spread to. Yikes! Students work together to try determining which of their
classmates were originally infected with the virus.

Vaccinating against the measles activity. After learning about the structures and functions of the respiratory
and immune systems, the structure and rapid reproduction of a virus and how infectious diseases spread,
students explore how vaccines keep a community safe. Students will read an article about the United States
having approximately fifteen states recording cases of the measles and the importance of immunization
through vaccines. While reading the article, students are able interact with the online simulation
demonstrating ten different communities with varying levels of immunity. Through this activity, students can
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argue the importance of vaccinations, that when a child is vaccinated they are not just keeping themselves
safe but the whole community. After reading about the importance of community immunization, students use
the FRED Public Health simulator to analyze the outbreak of measles in Chicago, IL over a thirty-day period
between different vaccination rates of school-aged children. Through this side-by-side analysis student will be
able to map and develop public service announcements for the importance that every child is vaccinated
across their city. Posters will be projected on the school-wide televisions, posted in the neighborhood
community and on the class blog.

Student Resources

Destroy the Invaders. ClassZone. Accessed July 14, 2017.
http://www.classzone.com/cz/books/bio_09/resources/htmls/animated_biology/unit9/bio_ch31_0965_ab_invaders.html.

Harris, Rich, Nadja Popovich, Kenton Powell, and Guardian US Interactive Team. Watch how the measles outbreak spreads when kids
get vaccinated - and when they don't. The Guardian. Accessed July 29, 2017.
https://www.theguardian.com/society/ng-interactive/2015/feb/05/-sp-watch-how-measles-outbreak-spreads-when-kids-get-vaccinated

Watch how the measles outbreak spreads when kids get vaccinated - and when they don't, is an article and corresponding
simulation providing varying levels of vaccinations in communities. This resource truly allows students to interact with the textin a
new way to aid their understanding of vaccinations.

Stiles, Shannon. Cell vs. virus: A battle for health. April 17, 2014. Accessed June 25, 2017.
https://www.youtube.com/watch?v=0qGujhOeMek.

This animation does a great job of introducing the cell and its’ arsenal of weapons to fend off invading viruses, allows students to
have a visual analogy of the interactions between cells and viruses.

Vaccine & Active Immunity. ClassZone. Accessed August 14, 2017.
http://www.classzone.com/cz/books/bio_09/resources/htmls/animated_biology/unit9/bio_ch31_0956_ab_vaccine.html.

Teacher Resources
Bourouiba, Lydia. The Anatomy of a Sneeze. Digital image. Biolnteractive. https://www.hhmi.org/biointeractive/anatomy-sneeze.

This image was taken with a high-speed camera, capturing the different components of a sneeze. It is a great visualization of a way
germs can be spread.

DeWitt, Tyler. Hey science teachers -- make it fun | TED Talk. Accessed July 10, 2017.
https://www.ted.com/talks/tyler_dewitt_hey_science_teachers_make_it_fun.

Tyler DeWitt's TED Talk references how to increase engagement that allows for a great student understanding. This talk is wonderful
to see how a dense concept like invading viruses can be taught in a non-conventional teaching strategy to allow for a greater
understanding by students.

Fisher, Patrick. Immunology Module. Course of the immune response. Accessed July 18, 2017.
http://missinglink.ucsf.edu/Im/immunology_module/prologue/objectives/obj08.html.

This module is an excellent way to understand how the immune system responds to pathogens.
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Jones, M. Gail, Michael R. Falvo, Amy R. Taylor, and Bethany P. Broadwell. "Nanoscale Science."
http://static.nsta.org/files/PB210Xweb.pdf.

Nanoscale Science provides great activities for students with substantial background information for teachers around viruses and
scale.

Measles Outbreak. FRED Epidemic Simulator. 2015. Accessed July 16, 2017.
http://fred.publichealth.pitt.edu/proj/measles/index.php#locselect.

This is a great simulation to share with students to visualize the outbreak of measles in a city closest to you. Measles Outbreak
simulation allows for a comparison between a population that is vaccinated and not vaccinated.

Regenerative Medicine Partnership in Education. 2006. Accessed July 27, 2017.
http://www.sepa.dug.edu/education/modules-immunology.html.

The immunology modules developed for students are well thought out and provide a wealth of background information with full
lesson plans strategically developed sequentially. It also provides all components for lessons.
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Appendix

Next Generation Science Standards

MS-LS1-3 From Molecules to Organisms: Structures and Processes

MS-LS1-3. Use argument supported by evidence for how the body is a system of interacting subsystems
composed of groups of cells.
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LS1.A Structure and Function
Common Core State Standards
RST.6-8.1 Cite specific textual evidence to support analysis of science and technical texts.

RI1.6.8 Trace and evaluate the argument and specific claims in a text, distinguishing claims that are supported
by reasons and evidence from claims that are not.

WHST.6-8.1 Write arguments focused on discipline content.

6.EE.C.9 Use variables to represent two quantities in a real-world problem that change in a relationship to one
another; write an equation to express one quantity, thought of as the dependent variable, in terms of the
other quantity, thought of at the independent variable. Analyze the relationship between the dependent and
independent variables using graphs and tables, and relate there to the question.
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