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Introduction

To make a prairie it takes a clover and one bee,
One clover, and a bee,
And revery.
The revery alone will do
If bees are few.
-Emily Dickinson1
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Figure 1 One clover and one bee make for revery.

Why should we preserve biodiversity? It seems like such a loaded question with the current events of a global
and likely zoonotic pandemic afflicting the world at this moment.  Intuitively, I believe that it is our
responsibility to be better caretakers of the planet, to ensure Earth’s biodiversity is preserved for future
generations; however, is there an argument that we should exploit Earth at all costs to feed and provide
energy for the growing human population?  Students will discuss the importance of maintaining ecosystems
and will learn about the various arguments that people make in favor of preserving the Earth’s biodiversity.

A great entry event would be a field trip to the Phipps Botanical Gardens and/or Pittsburgh Zoo. The project
workflow will have students view photos of endangered species on the Internet and discuss the reasons why
these animals are threatened and why they should be protected and ask students to explain why all the
members of an ecosystem are important. As a Geometry class, we will determine why the hexagon is the
strongest shape and why it is nature’s most efficient shape. Locally, we will investigate human activities (use
of pesticides, landscaping for agriculture (mono-cropping)2 and condos, climate change, relocating nonnative
bee species) and colony collapsing disorder (Varroa mites and deformed wing virus) concerning Pennsylvania
bees (Agapostemon sweat bee, American bumble bee, Augochlora sweat bee, bicolored Agapostemon sweat
bee, common eastern bumble bee, eastern carpenter bee, golden northern bumble bee, leaf-cutter bee, long-
horned bee, mason bee, small carpenter bee, sweat bee, tri-colored bumble bee, two-spotted longhorn bee). 
Once students have a foundational understanding and appreciation of bees, we will examine reasons for their
decline. Students will learn about the research into the main disease, Varroa mites and deformed wing virus,
that is killing bees and what is being done to help them.  Students will evaluate data and consider the impacts
that an environment without bees might look like, including the human costs such as the impact on food
production and the increased use of pesticides.

The University of Pittsburgh was officially certified last spring as Bee Campus USA through the nonprofit
Xerces Society for Invertebrate Conservation.  I am looking forward to having the students examine the many
ways that bees and humans impact biodiversity, and whether they have an obligation as caretakers who
preserve other species even for purely aesthetic reasons versus exploiters that ruthlessly modify Earth on
their ‘evolutionary path’ as a species. I await the opportunity of discovery through research where the
students consider how climate change/global warming effects or alters the ecosystem, the bio geography and
behavior of species – including humans.

Rationale

I believe that the classroom is one of the few environments where social justice and equity can exist. As an
inner city, public school educator I am morally obligated to advocate for the students who are underserved. 
At Brashear, where the student population is approximately 42% Black, 36% White, 11% Asian, 5% Hispanic,
& 6% two or more races, it is important that students have a voice and a choice on how they are receiving
their education.  In 2014, I was part of the two-year DEbT-M (Designing for Equity by Thinking in and about
Mathematics) cohort where educators address racially based inequities in secondary mathematics education
in the United States. We spent two years building an understanding of the opportunity gaps and the
inequitable teaching practices.  We became empowered as change agents to disrupt these inequitable
practices and improve mathematics teaching and learning in ways that provide students of color with more
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equitable opportunities in mathematics. 

As a mathematics teacher at Brashear high school’s STEAM academy, we have the distinct opportunity of
using 90 minutes during our block scheduling to implement project-based learning.  Ever since our insightful
principal, Ms. Kimberly Safran, presented the documentary “Most Likely to Succeed” back in 2015 to the
entire staff, we have been exploring compelling new approaches that aim to reimagining education as we
know it.  Brashear has developed a STEAM Academy within its curriculum offerings that consists of ten
dedicated educators and approximately 250 (out of approximately 1,300) inspiring students that desire to
revolutionize what education is capable of achieving through inquiry-based learning or learning by doing.

Content Objectives

The students that will be enrolled in my Geometry classes for the 2020-2021 academic year will be mostly
sophomores whom I’ve had the honor of teaching as freshman.  As freshman enrolled in the STEAM Academy
at Brashear High School, they will have successfully passed Biology.  The content background may be a
refresher for the most part.

Throughout the unit, the students will comprehend how ecosystems change.  Students will gain knowledge of
fundamental concepts within conservation and biodiversity; therefore, develop a greater sensibility of the
wonderful natural world that is still surrounding us by identifying the role of caretakers and exploiters to an
ecosystem.  Students will gain knowledge of the main threats to biological diversity and the ability to evaluate
the effects of human influences such as habitat fragmentation, climate changes and invasive species on
biodiversity.  Students will also gain a greater understanding of the relationships and conflicts between social
development and conservation of ecosystems as well as moral and ethical issues. 

Nature’s finest mathematicians are bees.  They can comprehend the roundness of the earth and calculate
angles while communicating through a waggle dance that involves a figure eight.  One of the most
mathematically efficient architectural design around is the beehive that contain hundreds of hexagons.  The
unit will begin with an introduction to bees through literature using Mobi Warren’s book “The Bee Maker.”  A
wonderful story set in the not-too-distant future that intertwines Greek mythology and Japanese origami.3  
Students will discuss and record what they already know about bees, including stories of their own bee
experiences and feelings. This will be followed by several lessons on bee physiology and behaviors, as well as
their role in the ecosystem. I will attempt to build a local connection to any current scientific research and
conservation agencies working with bees in our area (University of Pittsburgh is certified as a Bee Campus).
This would be an excellent time to have students visit, or be visited by, a presenter.  This unit will symbolically
be taught in the spring.

As caretakers, we will try to promote a healthy population and attract bees to our area by designing nest sites.
To make these, students will need to research and design nest sites that will be appealing, attractive, and
functional. We may construct one out of wood and other materials as a class to be placed on the school
grounds, and I may have students build their own smaller versions to take home (depending on time,
materials, etc.…). Either way, successful construction and usage by local bees will be based on student
research, including bee physiology and behavior, local bee activity observations, and careful material
selection, nesting site design, and construction. Students have access to tools and materials and have been
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trained to use them in our STEAM lab. Finally, students will observe their bee nesting site for signs of bee
activity and evaluate the effectiveness of their design, construction, and placement of the site.

In summary, students will learn about a variety of bees and their roles as pollinators.  Then they will focus on
the different species of bees in Pennsylvania and the reasons for their decline due to human reasons. They will
examine the multiple ripple effects of a healthy bee population as well as a decimated or extinct bee
population. Finally, as caretakers, they will contribute data collection as well as design, construct, and
evaluate the effectiveness of researched-based nesting site of their own making.

Background Content

This unit will be written based on the knowledge I have gained in the 2020 Caretakers versus Exploiters:
Impacting Biodiversity in the Age of Humans seminar in addition to my own research of bees and the reasons
for their decline. I will provide background information on bee physiology and behaviors, background
information on the factors of their decline, a description of conservation steps that are being considered, as
well as steps our governments have taken to address these issues, and background information on the various
ways the reduction or complete extinction will impact other species, including humans

What is Biodiversity

Biodiversity is the shortened form of two words “biological” and “diversity.”  It refers to all the variety for life
that can be found on Earth) plants, animals, fungi and micro-organisms) as well as to the communities that
they form and the habitats in which they live.  Biodiversity includes the diversity within species and between
different species within terrestrial, freshwater and marine ecosystems.  An ecosystem is the name given to all
living species that live together in a stable community, interacting with one another and their physical
environment.  Ecosystems need a balanced and diverse number of species to thrive.  Biodiversity plays a
critical role in sustaining human populations across the globe.  We depend on it for sustained food growth, for
clean air and water and for medicine and for shelter.4   Biodiversity enriches our lives – it has economic,
cultural, recreational, religious and aesthetic importance across the world.

Biodiversity is under serious threat as a result of human activities.  The main dangers worldwide are
population growth and resource consumption, climate change and global warming, habitat conversion and
urbanization, invasive alien species, over-exploitation of natural resources and environmental degradation.5  
While there might be “survival of the fittest” within a given species, each species depends on the services
provided by other species to ensure survival.  Evidence shows that a sixth mass extinction is occurring now. 
Unlike previous mass extinctions, the sixth extinction is due to human actions.  This period during which
human activities have impacted the environment from global warming, habitat loss, changes in the chemical
composition of the atmosphere, oceans and soil, and animal extinctions to constitute a distinct geological
change is defined as the Anthropocene.   

Biodiversity boosts ecosystem productivity where each species has an important role to play.  For example,
many plant species mean a greater variety of crops, greater species diversity ensures natural sustainability
for all life forms, and healthy ecosystems can better withstand and recover from a variety of disasters.  A
healthy biodiversity provides several natural services for everyone.  Ecosystem services such as protection of
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water resources, soils formation and protection, contribution to climate stability, and maintenance of
ecosystems.  Biological resources such as food, medicinal resources and pharmaceutical drugs, and diversity
in genes, species and ecosystems.  Social benefits such as research, education, recreation, tourism and
cultural values.6

Characteristics of the Bee 

Most bees have short, thick bodies covered with hair, six legs, and three body parts: head, thorax, and
abdomen.  They have two pairs of wings.  One pair is attached to each of the last two segments of the thorax,
but front and back wings are joined so that they may look like only one.  The rapid movements of the wings
make a humming sound in flight.  Bees wings flap about 200 plus beats per second.  These insanely rapid
wing movements cause the air to vibrate.7   With three single eyes on top of their heads and two huge,
helmetlike compound eyes, bees can see color, pattern, and movement.  The honeybees’ antennae serve as
their temperature indicators.  From their thermometers, the bees receive signals telling them what needs to
be done to keep the hive safe and comfortable.  If the colony gets too warm, some of the bees’ form living
chains and cool the air with the fanning of their wings.  There are bees that collect water, which also will lower
the temperature of the nest as the water evaporates from the surfaces of the honeycomb.  Simultaneously, a
watery substance, probably from their honey filled stomachs, evaporates from their mouths.  In the opposite
spectrum, if it gets too cold outside, the bees raise the temperature of the nest by clustering very closely
together.  Colonies part ways in the fall and only the young queens, who have mated, remain to hibernate; all
others pass away.  In the spring, after emerging from hibernating quarters in the litter or soil, the queen looks
for a place to nest, which may be under rocks, on or below the ground surface, in the abandoned nest of a
mouse or bird, in a clump of grass, and makes preparations for her first brood.  In the case of the first brood,
egg cells are fabricated, usually of pollen, and one egg is laid in each cell.  One or more cells are
manufactured of was and pollen and filled with honey before the young arrive.  There are three distinct castes
among social bees:  The drone, (which is male), the worker (which is an infertile female), and the queen
(which is a fertile female).  After the workers arrives, commonly the first brood, the queen isolates herself to
egg laying while her infertile female workers forage and enlarge the nest, constructing brood cells, building
and storing honey and pollen pots, caring for the young.  Brood cells are not used again, but cocoons are used
for storage of honey and pollen after undergoing alterations.  In some colonies the second brood is all male
and the third brood is female.  Workers of the later broods become progressively larger.  The queens and
males usually leave the nest and fly off to mate.  Males are often seen flying about the entrance at this time,
waiting for the young queens to come out.   

Colonies of honeybees (Apis mellifera) are maintained throughout the winter by their habit of storing honey
and clustering.  When a bee collects nectar from the flower of a plant, the pollen sticks to the hair of the bee’s
body.  Some of this pollen is rubbed off when it visits the next flower.  When this happens, fertilization is
possible and a fruit carrying seeds can develop. Bees need to visit close to two million flowers and plants to
produce about one pound of honey.8   Each of those bees in their lifespan can produce one twelfth teaspoon of
honey. Often bumblebees work from dawn to dusk, visiting twenty to forty flowers per minute. The population
of workers in a hive of honeybees may be 20,000 to several times this number.  By continued movement of
wings, legs, and bodies and the normal process of metabolism, enough heat is generated to keep the compact
cluster of individuals alive.  They draw closer together as the temperature drops and shift their position to
gain access to more stores of honey.  The queen remains within the cluster and by early February begins
laying eggs.  As the days grow longer and warmer, the cluster will enlarge, and drones are produced in
preparation for the division of the colony.  The worker broods are kept in the lower central part of the comb,
and the pollen stored around them in cells of the same size.  The larger cells of the drones are usually in the
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lower corners of the comb.  Honey is stored in cells of the same size toward the back of the hive.  Queen cells
are large thimble shaped cells which hang down vertically from the brood comb.  Brood cells are kept open
and the larvae fed daily.  All get royal jelly, a secretion of the workers, for two days.  Workers and drones are
then given honey and pollen while queens remain on the royal jelly diet.  The white grublike larva is full grown
and fills its cells in about six days.  The cell is capped, and the larva pupates after spinning a cocoon. 
Pupation requires about seven and one-half days for queens, twelve days for workers, and fourteen and one-
half day for drones.  Swarming by honeybees occurs when new queens appear in the hive, prompting the
mother queen to leave and half the colony to follow her.  They cluster on a limb or other overhang and remain
until the scouting bees find a new home.  In the parent colony the new queens fight one another until only one
remains alive.  The survivor flies out to mate and returns as the new queen mother.  Young workers first serve
as nurses, later produce wax, and after about three weeks of various chores in the hive become foragers. 
Workers live about six weeks during the peak of activity.  The queen is fed royal jelly throughout her life,
which lasts a year or more.  Drones are fed honey if it is plentiful but are ousted from the hive when they
become a burden.  Their life span is about eight weeks.

The main types of bees in the US are honeybees and bumblebees.  Our bumblebees are native species, but
honeybees are descendants of bees brought over by early settlers.  Native Americans used to call them “white
man’s flies.”  There are twice as many bee species as bird species9 and they are generally grouped into the
Apidae family.

Figure 2  “The busy bee has no time for sorrow.” -William Blake

The “B”ee in Biodiversity

It was around 2006-2007 that beekeepers raised the alarm that thousands of beehives were alarmingly
empty.  It wasn’t just in the US that was losing beehives because it seems that similar issues were occurring
all over the world with beekeepers.  In 2018, the United Nation with the lead from Slovenia introduced May
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20th as the official World Bee Day to draw attention to the importance of bees and biodiversity.10 This date was
significantly chosen for Anton Jansa’s birthday, who was a Slovenian apiculture pioneer from the 1700s. 
Apiculture is derived from the Latin word ‘apis’ which means bee and is the scientific method of caring and
management of honeybees for the production of wax and honey.  One of Anton Jansa’s most notable work
includes a posthumous 1775 publication of “A Full Guide to Beekeeping” where he wrote “Among all God’s
beings there are none so hard working and useful to man with so little attention needed for its keep as the
bee.”  Bees are pollinators that play a part in every aspect of an ecosystem.  Growth of flowers, trees, and
other plants which serve as shelter and food for creatures small and large are supported by bees.  Without
bees, our plates would be empty because our gardens would be bare.

Known for their elaborate hives, bees also help build homes for millions of other insects as well as larger
animals.  Tropical forests, temperate deciduous forests, and savannah woodlands are vital to the bee’s role as
pollinators because the tree species in these ecosystems couldn’t grow.11   Bees feed their colonies during the
cold winter months by producing honey.  As humans we have harvested this sweet snack for thousands of
years, but humans aren’t the only ones who delight in its nutritious treat.  Besides Winnie the Pooh and Baloo
from “The Jungle Book,” birds, opossums, racoons, and other insects will raid beehives for a taste.  Bees are
also part of an ecosystem’s food chain.  Many species of birds and insects such as spiders, dragonflies and
praying mantises’ prey on bees for nourishment.  Bees are also accountable to produce many seeds, nuts,
fruit, and berries that serve as a vital good source for wild animals.12

The Importance of Pollination

If you love broccoli, asparagus, melons, cranberries or apples you should thank our fuzzy insect friends.  These
plants require the transfer of pollen which bees move from flower to flower in their search for nectar.  And
because bees are social insects, they are not going to eat this food themselves, they are going to return to
their hive and use the nectar, the lipids, and the proteins found in the pollen and feed the hive.  About 1 out of
3 crops and ninety percent of all plants require cross pollination to spread and thrive.  Bees are one of the
most important pollinators with no disrespect to moths, beetles, flies, ants, butterflies, and wasps.  Pollination
is a fundamental process that forms the basis for much of our terrestrial biodiversity.  IPBES 2016 published
that $577 billion rely on animal pollination.13  

Factors of Their Decline

Over the past two decades, bee declines worldwide have drawn international attention.  Many bumble bee
populations have gone locally extinct, resulting in dramatic range contractions.  Recent surveys of
Pennsylvania beekeepers have recorded a statewide loss of 44.5% of colonies in the winter of 2016-2017.14  
It’s complicated to pinpoint why bees are declining and how we can help them.  One factor is the availability
of food and nest resources due to intensive farming practices such as mono-cropping or landscaping with
condos and strip malls. Another factor is the incidence of antagonists.15   Flowers are the watering holes of the
pollinator world offering a place for other pollinators and their parasites (Varroa mites and deformed wing
virus) to encounter each other.  This mite is sort of like a tick that transmit diseases to humans and other
mammals.  One of the diseases that it will transmit is a virus called deformed wing virus that causes the adult
bees to emerge with shriveled wings.  That poor bee will never be on an apple tree, she will never go and
collect nectar and pollen for her hive, and as a result, the hive will suffer.  

Climate change causes some flowers to bloom earlier or later than usual, leaving bees with fewer food sources
at the start of the season.16   Bees suffer habitat loss from development, abandoned farms, and the lack of
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bee friendly flowers.  When flowers are abundant, pollinators select their favorite or most energetically
efficient flowers and therefore are less likely to share flowers with other species.  As flower abundances
decline due to habitat loss and/or climate change, pollinators forage from a greater diversity of plants,
potentially meeting many more individuals and increasing parasite transfer.  Some colonies collapse due to
plants treated with neonicotinoid pesticides.  Neonicotinoids are slow-release, agricultural pesticides that
attack the central nervous systems of insects.  Honeybees seem to prefer neonicotinoid-laced nectar and
become so inebriated they have difficulty finding their way home.

Conservation Steps

Conservation practices designed to help honeybees and other pollinators also help reduce erosion, increase
soil health, control invasive species, provide quality forage for livestock, increase populations of other
beneficial insects and wildlife and make agricultural operations more efficient.  Mowing less frequently can
improve pollinator habitat and can be a practical and economical alternative to lawn replacement.17   Other
practices include not using pesticides in your garden, buying local raw honey, plant your garden with native
and bee friendly plants, don’t weed your garden, and even if you just have a small balcony you can install a
little water basin for the bees to drink during the summer.

Figure 3 A bee descends into the sweetness of a white apple blossom.

One of the biggest environmental impacts of the global shutdown due to the pandemic has been the
significant reduction in air pollution.  Less fumes from cars on the road makes it easier for bees to forage as
air pollution substantially reduces the strength and longevity of floral scents.  Pollutants break down scent
molecules emitted by plants, making it harder for bees to detect food. In a world with less air pollution, bee
can make shorter and more profitable shopping trips and this may help them rear more of their  young.18  
Ecologists and conservation groups have called on the wider public to help them gather scientific data during
this time.  Citizen science is vital and anyone can participate in the scheme by completing what is known as a
Flower-Insect Timed Count (FIT Count).  This involves monitoring a small patch of flowers in your garden for 10
minutes, counting the number of insects you see and filling in an online form.  People are beginning to realize
how their mental health and well-being is supported by nature.19    
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Bees Are Nature’s Mathematicians

Bees use a sophisticated communication system that is unique and allows the coordination of an entire
beehive of up 20,000 to 80,000 individual bees that include a single queen, several male drones and mostly
female worker and forager bees.  This efficient form of communication is referred to as the waggle dance.20  
Once a forager has discovered what she determines to be a good patch of flowers, a new nesting site, or a
good source of water she returns back to the hive and begins her dance.  Upon landing, her body waggles
forward very quickly from side to side forming a circle, she then stops at her certain position and either turns
to the left or the right of that circle and performs another waggle run to form a figure eight.  There are two
vital pieces of information that is communicated to the colony: direction and distance.  The way she is facing
when she’s doing the waggle dance communicates direction.  If she dances at about 270 degrees from up, this
communicates that the new resource is located 270 degrees from where the sun is on the horizon.  The
duration of the dance communicates distance where about one second represents about 250 feet.  To make a
case for her determination, this bee will waggle dance more figure eight runs to convey to the colony that her
newfound resource is of high quality.  As a leaderless democracy, the hive will observe other foragers waggle
dances that are casting their vote for the new site located and they themselves go out to explore these
possibilities.  They will then return and mimic the waggle dance that they voted for that represent the best
source of survival for the colony.  Based on majority rule, the entire assemble will depart and fly together to
their new resource. 

Mathematically, bees are good at weighing the cost of a longer distance flight against the benefit of the
resource.  Bees are blessed with a very reliable twenty-four-hour clock that is seldom affected by anything and
does not seem to depend on events in the outside world to keep it working.  Bees also can measure very short
units of time, down to mere fractions of a second.  They use their internal clock sense to arrive at the right
time for the opening of a flower that offered a generous serving of nectar the day before.  The biological clock
is also a very important part of a bee’s direction-finding equipment.  When a foraging bee leaves the hive to
look for nectar or pollen, an almost unbelievable process begins.  Flying at a speed of perhaps thirteen miles
an hour, the bee’s eyes sense its flight speed in relation to the ground and somehow measure the direction of
its flight compared to the angle of the sun. On a heavily overcast day bees seem confused, presumably
because there has been no glimpse of the position of the sun.  But on a partly cloudy day, a bee can use a
small patch of blue sky as its direction finder.  This is possible because bee’s eyes detect polarized light.  Bees
also see the entire pattern of the sky at once, for their compound eyes are made up of thousands of tiny
facets.

Nature Adores the Number Six and Bees Adore Hexagons

Let’s take a little tour of the all-pervasive hexagons in nature on a massive scale down to its ethereal
existence.  There’s a substantial cloud formation on Saturn’s north pole.  Far from an ordinary cloud
formation, it is a unmistakable hexagon.  Each of the sides of the six-sided polygon is bigger than the Earth’s
diameter.21   One of the many hypotheses about its mysterious cause is a weather whirlpool spinning so fast
that it turns into a hexagon.  Returning to Earth, there are plenty examples of basalt columns which are found
in California’s Devils Post Pile, Wyoming’s Devils Tower, the Cliff of Stone Plates in Vietnam and similarly in
Northern Ireland’s Giant’s Causeway.  Basalt columns or columnar jointing forms when lava or types of rocks
undergo cooling and contraction which leads to cracks that were burdened with tension.  These cracks just
happen to release the most tension at around 120 degrees which is magically the interior angle of a regular
polygon.22   Snowflakes utilize the hexagonal structure.  The molecules in frozen water crystals become
hexagonal because of its molecular structure.  To break it down even further, most organic compounds have a
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carbon foundation.  Carbon is bountiful and bonds well with other elements.  But when six carbon atoms are
bounded together, the bond angle is at an even 120 degrees and forms a perfect hexagon known as the
benzene ring.23   Then there’s the bees themselves.  The reason that bees can see the entire pattern of the
sky at once is because the eyes of bees are made up of hundreds and hundreds of hexagonal lenses.  On
some level the hexagon is encoded into their spirit and the most notable proof of that are the honeycombs
found in every beehive around the world.

The Honeycomb Conjecture

The most important feature of a bee’s life is the hive.  Like humans, bees require food and shelter to survive. 
Bees demand a secure place for the entire colony to live while at the same time a place where they can store
their nectar to ripen into honey; therefore, space efficiency is of utmost importance.  A marvelous solution is
to build tiny storage cells just wide enough for a bee to fit and doubles as a storage space for their nectar. 
The cells are made from wax which the bees produce themselves through their glands by converting the sugar
from the honey.  The dilemma is that it requires a great deal of energy to produce their own wax because the
bee themselves have to consume about eight ounces of honey to produce about one ounce of wax.24  
Efficiency is of supreme importance to a bee’s survival.  Through evolutionary architecture, the bees designed
an efficient space that allows them to store the largest possible amount of honey while using the least amount
of wax, hence the hexagonal prism we call honeycombs.  In geometry, a conjecture is basically a conclusion or
opinion which is suspected to hold truth without confirming evidence.  The honeycomb conjecture asserts that
a regular hexagonal grid is the best way to divide a surface into regions of uniform area with the least total
perimeter.  This conjecture dates as far back as 36 BC and in 1999 was proven to be true by University of
Pittsburgh professor and mathematician Dr. Thomas C. Hales.25

Let Γ be a locally finite graph in R2 , consisting of smooth curves, and such that  R2 \ Γ has infinitely many
bounded connected components, all of unit area.  Let C be the union of the bounded components.  Equality is
attained for the regular hexagonal tile.

Classroom Strategies and Student Activities

The initial “hook” for this curriculum is a field trip to the Pittsburgh Zoo & PPG Aquarium.  During the zoo visit
students will gather information about three animals with various statuses.  Students will have to describe
concerns, treatments, and what can be done to support these species.  In the zoo, students will also try to
evaluate the enclosure and the behavior.  We will explore the purpose of zoos and make a critical review of
the impact on conservation.

Another initial “hook” for this curriculum is a field trip to the Phipps Botanical Gardens.  During the botanical
visit students will gather information about three flowers with various statuses.  Students will have to describe
concerns, treatments, and what can be done to support these species.  In the garden, students will also try to
evaluate the enclosure.  We will explore the purpose of botanical gardens and make a critical review of the
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impact on conservation.

Activity One - Dinner and a Movie/Book. 

This idea was inspired from Sean Means’ “The American Dream” curriculum unit from 2018.  The dinner and a
movie/book model allow students to view/read and reflect on full-length films/books that are relevant to what
we are currently studying.  The film/book will be shown/read after school in the interest of instructional class
time.  Students will be more likely to attend films and read books that are more modern in addition to
receiving participation/extra credit.  And of course, pizza will be served.

Activity Two - Journaling (writing marathons: ascending intervals – 3min, 5 min, 7min, 10min) &
Read Aloud (both student and teacher). 

This idea was inspired from Lauren Freeman’s “Becoming Butterflies” curriculum unit from 2019.  I’ve learned
through my years as a mathematics teacher that a student’s math competency is directly related to their
mother’s reading skills.  That’s simply amazing and I hope to develop the students reading skills and (more
importantly) their listening skills through this exercise.

Activity Three - Geometry and Biology through art expression. 

One of my favorite things about teaching geometry is that the subject lends itself to incorporating art. 
Students will discover fascinating relationships between geometry and nature:  mandalas, MC Escher
drawings, the golden ratio, theory of proportions, flowers, shells, marine life, origami, and the human face.  An
example of what this would look like would be origami bees.  Origami is good for you as it develops eye hand
co-ordination, sequencing skills, math reasoning, spatial skills, memory, but also patience and attention skills. 

Activity Four - Think Marks

Think marks is a strategy that incorporates quick and simple doodling.  From infancy to industry, doodling has
practical and powerful applications where students from all walks of life give visual representation and
meaning to their ideas and to help others.  In using this tool, students are able to show their thinking as they
read or solve math problems.  For example, if a student is reading an informational text about the Honeycomb
Conjecture and something is confusing, the student might place a question mark to signal they are confused. 

Activity Five - Project Bee Watch

Project Bee Watch is a citizen science project that leverages volunteer labor to understand how pollinators are
faring in Allegheny County.  At the Frick Environmental Center, operated by the Pittsburgh Parks Conservancy,
students will receive manuals to help them identify pollinators and the plants that attract them.  Each student
will receive 3.3 feet by 3.3 feet plot.  It’s a tool composed of bamboo sticks tied together with a string.  The
square is used to mark off the section of wildflowers where the data will be collected.  It only takes ten
minutes to complete a survey and students can do it as much or al little as the want. 

Activity Six – Tessellations

This activity examines tessellations and ways of covering a plane with the same two-dimensional polygons so
that there are no overlaps or gaps.  Tessellation is a pattern of shapes that fit perfectly together and are found
all over the place especially in bathroom and kitchen tiles, in the living room on carpets and wooden floors,
and especially where brick is used for construction.  Students will explore tessellations by using regular
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polygons to discover which shape tessellates and which shape does not.  Students will be using this table:

Regular Polygon Sketch Tessellate? Why?  Or Why not?
Equilateral Triangle
Square
Regular Pentagon
Regular Hexagon
Regular Heptagon
Regular Octagon

Allow the students to approach the problem in any way that they like.  They need to be able to justify why
there must be gaps or why the pattern can’t go on infinitely.  Bring the class back together to discuss and
share the justification of their results.  As a connection into the Honeycomb Conjecture, ask the class if they
have a conjecture about which regular polygon can be used efficiently to cover the most area with the least
perimeter.  Each conjecture can be explored with the use of grid paper.

Activity Seven – 3D Tessellations

This activity allows the students to explore three-dimensional shapes, describe and identify their
distinguishing features, and most importantly, appreciate the efficiency of the tessellating hexagon in meeting
the needs of honeybees. Engage the students with a display of an actual honeycomb and ask:  How does the
honeycomb benefit the bees?  Discuss and record the student’s understanding of the key ideas.  Students will
recognize that it takes a lot of energy for bees to make wax, the hexagonal prism is more efficiently arranged,
and that the honeycomb has been proven by science and math to be the perfect combination of saving
energy through wax and honey storage which allows the bees to stay alive.

Figure 4 Bee on honeycomb in hive.

Activity Eight - Culminating Activity

Suggested student assessment would be to have each group choose one of its conservation ideas and write a
plan for how the class could carry the idea out. It must consist of an explanation of why the plan is a good one
and what it will accomplish, a list of the species that will benefit from the plan, and a description of the
difficulties that might be associated with this plan.
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Visible Thinking Routines

Guidelines: These activities can be done after a reading is completed or as the beginning of a lesson. It is a
good way to stimulate conversation but to also check for understanding.

See-Think-Wonder: A routine that stimulates curiosity and inquiry careful observations. 1.
Tug of War: Students reason carefully about the ‘pull’ of various factors gain a deeper appreciation of2.
the complex forces that ‘tug’ at either side of a fairness dilemma.
I used to think now I think… : Used to help learners reflect on how their thinking has shifted and3.
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changed over time.
Claim, Support, Question: Can be used with text or as a basis structure for mathematical and scientific4.
thinking.

Student Reading and Viewing List for Discussion and Debate

The reading and viewing list represent a sample of web-based articles and videos that can be assigned for
students to read and view as they prepare for a discussion or debate. The list includes readings at various
reading levels. Scaffolding of the more difficult readings is recommended.

Ted Talk videos, articles, and a book

“Why bees are disappearing” by Marla Spivak, TEDGlobal 2013.  Available at:1.
ted.com/talks/marla_spivak_why_bees_are_disappearing/discussion
“Every city needs health honeybees” by Noah Wilson-Rich, TEDxBoston 2012. Available at:2.
ted.com/talks/noah_wilson_rich_every_city_needs_healthy_bees
“The hidden beauty of pollination” by Louie Schwartzberg, TED 2011.  Available at:3.
ted.com/talks/louie_schwartzberg_the_hidden_beauty_of_pollination?referrer-why_we_need_bees
“A plea for bees” by Dennis vanEngelsdorp, Taste3 2008. Available at:4.
ted.com/talks/dennis_vanengelsdorp_a_plea_for_bees_healthy_bees?referrer-why_we_need_bees
“The first 21 days of a bee’s life” by Anand Varma, TED 2015. Available at:5.
ted.com/talks/anand_varma_the_first_21_days_of_a_bee_s_life?referrer-why_we_need_bees
“Loss of bees causes shortage of key food crops, study finds” by Oliver Milman, The Guardain. Available6.
at: theguardian.com/environment/2020/jul/29/bees-food-crops-shortage-study
“The Bee Maker” by Mobi Warren, 20197.

Appendix on Implementing District Standards

PA Core Standards for Mathematics includes practice standards that grow in complexity as students’ progress
in their education. The practices reflect what skills students should develop within the scope the course’s
content. This unit will focus on five of the practice standards. All standards are available through the PA Core
Standards for Mathematics website.

CC.2.3.HS.A.4  Using various methods, write formal proofs and/or use logic statements to construct or validate
arguments.

CC.2.3.HS.A.8  Use and/or develop procedures to determine, describe, or estimate measures of perimeter,
circumference, area, surface area, and/or volume.

CC.2.3.HS.A.9  Describe how a change in the linear dimension can affect perimeter, circumference, area,
surface area, and/or volume.
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CC.2.3.HS.A.11  Use coordinate geometry to establish properties of two dimensional shapes.

CC.2.3.HS.A.14  Apply geometric concepts in modeling situations.

Standards for Mathematical Practice (MP) includes eight practice standards that grow in complexity as
students’ progress in their education. The practices reflect what skills students should develop within the
scope the course’s content. This unit will focus on three of the eight practice standards. All standards are
available through the Common Core website.

1. MP1: Make sense of problems and persevere in solving them.

Mathematically proficient students start by explaining to themselves the meaning of a problem and looking for
entry points to its solution.  They analyze givens, constraints, relationships, and goals.  They make conjectures
about the form and meaning of the solution and plan a solution pathway rather than simply jumping into a
solution attempt.

2. MP3: Construct viable arguments and critique the reasoning of others.

Mathematically proficient students understand and use stated assumptions, definitions, and previously
established results in constructing arguments.  They make conjectures and build a logical progression of
statements to explore the truth of their conjectures.  They justify their conclusions, communicate them to
others, and respond to the arguments of others.

3. MP4: Model with mathematics.

Mathematically proficient students can apply the mathematics they know to solve problems arising in
everyday life, society, and the workplace.  A student might use geometry to solve a design problem or use a
function to describe how one quantity of interest depends on another.  They are able to identify important
quantities in a practical situation and map their relationships using such tools as diagrams, two-way tables,
graphs, flowcharts and formulas.

Next Generation Science Standards (NGSS) includes eight science and engineering practice standards that
grow in complexity as students’ progress in their in education. The practices reflect what skills students
should develop within the scope the course’s content. This unit will focus on three of the eight practice
standards. All standards are available through the NGSS website.

1. Practice 1: Asking Questions and Defining Problems

The standards state that by grades 9-12 students are able to ask questions and define problems in 9–12 that
builds on K–8 experiences and progresses to formulating, refining, and evaluating empirically testable
questions and design problems using models and simulations.

In this unit, students are asked to observe a global problem, air pollution and health, and are expected to seek
additional informational from their observations. Furthermore, they are encouraged to interpret data,
challenge available information in order to deepen their own understanding.

2. Practice 7: Engaging in argument from evidence

Practice 7 in 9–12 builds on K–8 experiences and progresses to using appropriate and sufficient evidence and
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scientific reasoning to defend and critique claims and explanations about the natural and designed world(s).

Arguments may also come from current scientific or historical episodes in science.

In reading and comparing the available literature on e-cigarette use and its relation to respiratory health
students will compare and evaluate arguments for or against the use of electronic cigarette for tobacco
cessation. In addition, students will evaluate claims, evidence, reasoning from multiple sources while
practicing critical reading strategies. During the class discussions and debate they must be able to construct a
defense statement for their arguments and provide support for their claims from non-fiction sources.

3. Practice 8: Obtaining, evaluating, and communicating information

Practice 8 in 9–12 builds on K–8 experiences and progresses to evaluating the validity and reliability of the
claims, methods, and designs.

Similar to Practice 7, this unit allows students the opportunity to critically read scientific literature to
determine central ideas and to summarize complex ideas from technical text. Through scaffolding, students
will be able to compare multiple sources regarding respiratory health and air pollution and credit the validity
of the source by examining the accuracy of the claims in the articles and or videos. The final project allows
students to communicate their understanding and level of knowledge regarding the scientific information they
have gathered.
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