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Introduction

As I drive to work along Marquette Road on the south side of Chicago, I see the bright lights of corner store
signs with their barred windows every few blocks. I see hand-painted ads covering windows advertising
submarine sandwiches, chicken wings, gyros, nachos, and fried catfish. There is a Checkers and White Castle
kitty-corner to each other at Halsted Street. J.J.'s Fish and Chicken and Harold's Chicken Shack are just down
the street. Moreover, in a couple of miles along that same stretch, there is just one Food 4 Less grocery store.
Less healthy and cheaper food options significantly outnumber the chain grocery store, and the neighborhood
lacks fresh food options. While I enjoy my fix of a Checker's Cheese Champ and those famous seasoned fries, I
cannot help but observe the disparity of healthy, affordable food choices in the area.

Chicago has long been home to food deserts, especially after the Great Recession of 2008. Food deserts are
areas with a lack of access to healthy food options, perpetuating more significant health disparities for chronic
diseases like diabetes, hypertension, heart disease. In a 2016 study, it was found that among populations
living with the least access to fresh food, ten out of every thousand people died from cancer compared to less
than seven for other neighborhoods. Eleven per every thousand residents died from cardiovascular disease
compared to fewer than six for the rest of the communities.1

Chicago, the third-largest city, is also one of the most racially and socioeconomically segregated cities in the
U.S. A study was done in 2018 by University of Chicago researchers that analyzed the urban foodscape trends
of Chicago. Their key findings showed: Although the number of supermarkets increased between 2007 and
2014 in Chicago, food desert trends persisted, and among racially segregated and disadvantaged residents,
food access is poor and, in some areas, worsened after the Recession.2 According to research, the food
deserts of Chicago only affect neighborhoods below division street. When analyzing these neighborhoods, it is
a population that is overwhelmingly African American: about 478,000 blacks, compared with some 78,000
whites and 57,000 Latinos. The study also measured that residents living in majority-African American blocks
traveled the farthest to reach any grocery store with an average of 0.59 miles compared to 0.39 miles for
residents of majority-white blocks, and they must travel twice as far to reach a grocery store than a
restaurant.3

Historical redlining in Chicago plays a critical role in the current food desert trends. The Federal Housing



Curriculum Unit 21.05.02 2 of 19

Administration (F.H.A.) was created after the Great Depression to directly respond to the lack of
homeownership and loans following the depression. The primary goal of the F.H.A. was to "improve the
accuracy of its real-estate appraisal to enable its affiliate agency, the Home Owners' Loan Corporation (HOLC),
to standardize their mortgage lending process, avoid undue risky lending, and bail out homeowners." The
HOLC created maps based on race and assigned risk levels to different neighborhoods as part of their work.
The perceived most desirable neighborhoods were predominantly European American and ranked the lowest
risk for mortgage lending. HOLC marked these areas green on the map. Other European American
neighborhoods inhabited by the "middle class" races made up of predominantly Jewish, Irish, and Italian
Americans were designated as stable and upwardly mobile, representing lower risk. These map areas were
marked blue. Working-class European American neighborhoods were marked as yellow and considered a
slightly higher lending risk making the area less desirable. Lastly, African American and Mexican American
neighborhoods were marked red, redlining, and deemed the highest risk. The practice of redlining segregated
communities geographically and marginalized those communities by denying access to mortgage loans.4  

Similar to residential redlining, supermarket redlining followed suit in the 20th century. Large chain
supermarket retailers are less inclined to operate stores within low-income neighborhoods based on perceived
urban challenges in supermarket redlining. These challenges include higher-cost urban resources, lower
demand, lower profitability, and risk of theft and crime. Without prioritizing access to fresh and high-quality
foods to address the growing public need and health concerns, cities like Chicago further the grocery gap,
food insecurity, and as a result, create food deserts like my students' neighborhood.5

Most of my students fall into the trap of the food desert within which they live. The only food access they have
within walking distance are two liquor stores offering little to no items of nutritional value. Who is to blame
when they show up with backpack loads of hot chips and honey buns? Even worse, the COVID-19 pandemic
exacerbated food insecurity in already low-access neighborhoods even more due to unemployment and
affordability.

Many facets are underlying the food inequities of Chicago; however, one way to begin to battle the challenge
is to invest in more community agricultural programs that can produce and deliver nutritious, reliable, and
affordable foods to our disinvested neighborhoods. Establishing urban farming practices, like vertical farming,
can promote reliable crop yields year-round, can ultimately benefit communities more than chain
supermarkets, and bring access to healthy food options to neighborhoods in need.

Rationale/Demographics

The primary motivation behind designing this unit is to provide an opportunity to expose students to science
and engineering practices while focusing on a local community issue, food deserts. The content of this unit is
designed to be used in alignment with the engineering standards of the Next Generation Science Standards
(NGSS). The state of Illinois adopted the NGSS for use in science education in 2014. Since then, science
instruction is becoming more commonplace within my school; however, one area still falling short is students'
engagement in engineering.  As of the 2020-2021 school year, Tarkington School of Excellence required
kindergarten through fifth-grade classes to teach Science daily. This was a change from previous school years
in which Science was recommended to be conducted once weekly in those grade levels. Students begin taking
Science as a core content class beginning in sixth grade when they receive daily science instruction. There are
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approximately 40 weeks in middle school in the school year, and science teachers only spend three to four
weeks engaging students in engineering experiences. "Engineering can be a meaningful way to engage
students' wide range of prior experiences in STEM, helping open the field to be more culturally relevant and
meaningful to young learners. It can give students opportunities to deepen their science knowledge by
engaging in problem-solving around locally-relevant issues."6 This unit can integrate many different scientific
concepts from any area of Science, depending on what an educator would like it to complement in their
course of studies.

Tarkington is a Title I school located on the southwest side of Chicago, Illinois. Tarkington serves as a public
neighborhood school and a training site for preservice teachers in the Academy of Urban School Leadership. It
comprises approximately 1,000 students in kindergarten through eighth grade, and 93% of its students are
considered low-income. The demographics that make up my school's student body are about 77% Hispanic
and 22% Black students. This unit is designed to be delivered to an eighth-grade student body made up of 115
students. Of the 115 students, 15% receive Special Education services, and 23% are English Language
Learners.

Content Objectives

The overarching objective of this unit is to expose students to the different stages of the engineering process,
specifically focusing on the issue of food deserts, with a culminating engineering project to design an indoor
controlled garden that can be used year-round to produce nutritious crops at an affordable price for the
community. There are several smaller objectives to be achieved through complementary lessons and activities
to meet this overarching objective. Students will first be introduced to urban agriculture and its importance to
the future stability of urban areas. Students will understand that successful urban agriculture practices can
solve global agriculture, ecosystems, economy, and energy issues. Students will further understand urban
agriculture by learning about vertical farming systems, including hydroponics and aeroponics systems. Finally,
students will use their knowledge about these different practices to design an indoor garden for their
community. By planning and creating a vertical farm system, students will engage in the engineering design
process by solving food security and accessibility in their neighborhoods. In addition to addressing the need
for access to better quality foods, other city-wide issues will subsequently be addressed, such as climate
change and waste reduction benefitting all of the city.

Content Background

Urban Agriculture

Urban agriculture, most simply, is the production of crops within city limits. The urban population of the world
is estimated to reach 5 billion by 2030 and almost double that by 2050. As humans inhabit and take up more
land, the space for agricultural growth becomes limited while the need for food flourishes. Like in a food
desert, all populations will demand fresh, healthy foods, making this topic relevant. There are many benefits
to urban agriculture, including reducing environmental challenges like climate change, food insecurity,
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poverty alleviation by providing affordable products and income to growers, and efficient land use.

Urban Farming Technology: Vertical Farming

When most people think of cities, the picture that comes to mind is towering skyscrapers, traffic, and densely
populated neighborhoods. This leaves little room to imagine a farm system within the urban landscape;
however, vertical farming has solved land scarcity. Vertical farming can range from a small residential scale to
a large commercial scale. Plant troughs are arranged in layers within a vertical farming system that can go
from several feet to several stories high. The controlled systems can be implemented in abandoned
warehouses or buildings, shipping containers, or even homes. The possibility to repurpose unused spaces into
vertical farms is only limited by imagination. In addition to solving issues with land scarcity, "Vertical farming
can reduce the transportation costs due to its adjacency to the buyer; planned production of herbs and their
growing conditions can be enhanced by adjusting the temperature, humidity, and lighting conditions. Indoor
farming in a controlled environment needs much less water than outdoor farming because it involves recycling
wastewater."7 The opportunity to control a growing environment lends itself to innovation and design. “One
commercial forecast suggests that the vertical farming industry will have annual compound growth of 21.3%
to reach an estimated value of $9.96 billion by 2025.”8

There are different types of vertical farming methods involving hydroponics. In hydroponic farming systems,
plants are grown without soil and are instead planted in a nutrient solution. The hydroponic system is a
closed-loop system in which the resources used to grow plants are recycled in the system. The cyclical waste-
filtration cycle of these systems allows for organic growth. Aeroponics, which NASA developed, can grow
plants using almost no water. Instead, the plants are grown with a nutrient mist rather than an entire solution.
This type of vertical farming is still in the development phase. Both will continue to be discussed in further
detail throughout this paper.

Figure 1. Lettuce plants are being grown in a vertically-stacked hydroponic system—photograph from the
Wikimedia Commons.

The History of Vertical Farming

While the concept of vertical farming might seem relatively new and innovative, the principles of hydroponic
gardening date back to ancient times with the Hanging Gardens of Babylon in 600 B.C. and the Aztecs in the
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10th and 11th centuries. In the Hanging Gardens of Babylon, it is believed that the gardens were constructed
using ziggurat terraces, which allowed for the diversion of freshwater from the nearby Euphrates River to
irrigate the gardens.9 In another example, the Aztecs were resourceful when pushed out of their native lands
to nearby Lake Tenochtitlan's marshy lands. Because the marshy ground was not arable, the Aztecs
developed their hydroponic gardening system in which they created rafts by stringing together reeds. The
rafts called "chinampas" were topped with soil dredged up from the bottom of the lake. Vegetables, flowers,
and trees grew in the nutrient-dense soil as their roots extended through the raft and into the lake.10

In 1937, Dr. William Frederick Gericke was credited with using the word "hydroponics" to describe his
experimentation with growing vegetables without soil. He grew tomato vines more than seven feet long in
some of his experiments using only mineral-nutrient solutions. In 1940, he wrote "Complete Guide to Soil-less
Gardening '' and is known as the "father of hydroponics".11 . After Gericke, an American plant physiologist,
Dennis Hoagland, researched the ability of kelp to absorb nutrients from its surrounding environment
selectively. This led to developing a nutrient solution, dubbed Hoagland's solution, which is still widely used
today.12 In a study conducted as recently as 2014, it was determined that Hoagland's solution produced the
most plant growth compared to three other solutions and using an L.E.D. light.13

In 1985, Richard Stoner patented the Genesis Machine's aeroponics system, the first commercially available
hydroponics system. In the 1990s, Stoner received funding from NASA to develop a high-performance
aeroponics system that could also be used in space. His research was used aboard the M.I.R. space station to
grow plants and is still used on the International Space Station. Furthermore, "NASA discovered that the
system could reduce water use by 98%, fertilizer use by 60%, and pesticide use by 100%. It also maximizes
crop yields by 45% to 75%, and those grown in aeroponic systems had 80% more mass than other
methods."14

Vertical Farming Designs

There are six different designs of hydroponic systems. The first type of hydroponic system is the wick system.
There is no need for machines or pumps, making it a relatively simple method to set up and maintain. To set
up a wick system, you will need a growing pot for the plants and a reservoir for a nutrient solution. Wicks
should be inserted through the bottom of the growing pot to hang down into the reservoir. The Science behind
the wick system is capillary action. "When [water] gets inside a thin tube or very porous materials, it sticks to
the walls. This sticking action creates a curved surface, called a meniscus, at the top edge of the water
droplet/molecule. A water drop is held together by the internal bond between its molecules, which creates
surface tension. When the adhesive force between the water droplet and the capillary walls is stronger than
the surface tension, the water keeps moving upwards. Gravity and the thickness of the tubes/porosity of the
material will decide for how long capillary action can continue." The wick system uses capillary actions to draw
up nutrients from the reservoir container to the plants.15

Another hydroponics system is the water culture system. In this system, an air pump is required making it an
active system. This system is usually designed so that the plant holder floats on the nutrient solution and just
one container. An air pump outside the container pumps air through a tube to an air stone at the bottom of
the nutrient solution, which bubbles the nutrient solution and provides oxygen to the plants.

Ebb and flow systems, which are popular in more extensive farming operations, have a two-container system
is another type of active system. The grow tray, where the seeds and medium are set up, is temporarily
flooded with nutrient solution until it drains back into the reservoir. The reservoir is the second container and
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holds the nutrient solution similar to the wick system setup.

A pump is required to deliver the nutrient solution up into the tray to flood the grow tray. Overflow and gravity
are responsible for the draining of the solution back into the reservoir.

Another widely used active hydroponics design is the drip system. Again, at minimum, this is a two-container
system with a grow tray and reservoir to hold a nutrient solution. A pump pumps the solution up from the
reservoir based on a timer and drips the solution onto the base of the plants through drip lines. Any excess
solution not absorbed by the plant escapes via an overflow tube. What happens to this runoff is determined by
whether it is a recovery or non-recovery system. In a recovery system, the runoff re-enters the reservoir
container from the overflow tube. The nutrient solution is recycled and can be re-pumped through the drip
lines again. In this case, the nutrient solution must be monitored and adjusted to maintain optimum nutrient
and pH levels. For a non-recovery system, the runoff from plants does not re-enter the reservoir. This allows
less maintenance of the nutrient solution.

Nutrient Film Technique (N.F.T.) is one of the most widely known systems of hydroponics. This active system
supplies a constant flow of the nutrient solution. The nutrient solution is pumped into the grow tray, where it is
set up to flow over the roots of plants and then drained back into the reservoir system. There is no growing
medium, and a basket supports the plant with its roots dangling so that the nutrient solution touches them.

The final system design is the aeroponics system. In this system, the roots of the plant are suspended in the
air above a nutrient reservoir. A pump located in the reservoir mists the roots of the plants every few minutes
based on a timer. Aeroponics is a newer hydroponic technology in the vertical farming industry and will be
discussed further in the future innovation section.16

Figure 2. Basic Hydroponics Systems

Photosynthesis

While this unit is focused on vertical farming, photosynthesis is a scientific process that vertical farmers must
understand to make the best decisions about their systems. To understand the design of a hydroponics
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system, we need to consider the minimum requirements that a plant needs to grow. Photosynthesis is an
energy-driven process by which plants harvest the energy from light and convert it into chemical energy. It is
the underlying process that leads to plant growth. Plants require carbon dioxide (CO2), water (H2O), and light
energy to carry out photosynthesis. Plant cells have organelles called chloroplasts, which are the site of
photosynthesis. Chloroplasts are made up of two structures: thylakoids and stroma. Pigments called
chlorophylls are primarily responsible for absorbing light energy and are located within the thylakoid
membranes. Chlorophylls strongly absorb red and blue lights and are responsible for giving plants their green
color.17 The absorption of light by these structures can be designated as the first process of photosynthesis
occurring during the light-dependent stage.18 When a photon of light hits a reaction center in the thylakoid
membrane, an electron is released. The

production of ATP (adenosine triphosphate) and NADPH come from the electron traveling the electron
transport chain. Energy from the ATP and NADPH drive the light-independent reactions known as the Calvin
cycle. In the cycle, CO2 from the air enters the plant’s stomata and is fixated to form carbohydrates molecules
like glucose.19

In addition to understanding plant growth, growers must also understand the environmental factors that affect
plant growth and development. Environmental factors that can be modified in a vertical farm system include
temperature, light intensity, light quality, humidity, CO2 concentration, air current speed, and nutrient
environment. By controlling and modifying these factors, the efficiency of crop production can be altered to
produce the desired results for the grower.

Grow Mediums

Any aggregate or material that plants can grow on that lacks plant-nourishing organic compounds can be
considered a growth medium. Their purpose is to support the root system of plants and promote a good air
and water ratio.20 Almost anything - air included - can be considered a growth medium for hydroponics. There
are seven common mediums: Rockwool, oasis cube, expanded clay, coco chips, perlite, vermiculite, and rock.
The grower controls the growth medium, who should consider what they are growing and the type of
hydroponics system they are using when selecting a medium to work with.21

Nutrient Solutions

Since hydroponics is soil-less, the nutrients found within soil must be accounted for in the nutrient solutions
used in a hydroponics system. The three main minerals that plants need the most are nitrogen, phosphorus,
and potassium. Nitrogen is essential for plant growth and the formation of leaves and stems. It plays the most
active role in the buds and shoots of a young plant. Phosphorus is necessary to ensure the proper growth of
flowers and seeds and is used in the energy transport system during photosynthesis. Potassium is responsible
for ATP production and opening the stomata of the plant leaves, which allows CO2 entry. When choosing a
nutrient solution, you can prepare your own, use a two- or three-part solution, or purchase a pre-made
solution. Like the growth medium, the nutrient solution you use depends on the type of plant, growth stage,
parts of the plant you want to develop, and external environmental factors like temperature and light
intensity.22

Light 

Another essential component to understand in a hydroponics system is the light source. Since vertical farms
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are in indoor environments, the light sources provided to the plants are artificial light powered by electricity.
Since plants do not need all types of light for photosynthesis, the types of artificial light used can be selected
to maximize plant growth. There are three different types of light to choose from: fluorescent, L.E.D., and
H.P.S. grow lights. Fluorescent lights can come in different intensities and last longer than incandescent
bulbs.23 High-pressure sodium lights produce a red spectrum light, but they also produce heat and cannot be
mounted close to plants.24 Finally, L.E.D. lights are increasing in popularity as the choice for indoor farms. This
is because they produce a stable output, have a long life, are compact, lightweight, and control output easily.
Also, different from the other light sources, the light emitted from L.E.D.s can be controlled with a source
composed of different colored L.E.D.s, the most common combination being red and blue L.E.D.s.25

Vertical Farming Advantages

As you eat a meal from your favorite restaurant, you probably are not thinking about how that food got to
your plate. Admittedly, neither do I. In a 2001 study completed at Iowa State University, it was calculated that
produce arriving in Chicago traveled approximately 1,500 miles from its source.26 The implications of
transportation and fossil fuel use have been linked to perpetuating climate change and greenhouse gas
emissions. The U.N. estimates that the world population will grow from 7.7 to 9.7 by 2050, and 70% of that
population will live in urban centers.27 By bringing agriculture to the city, we can reduce food miles and
increase food accessibility. Vertical farming can provide easier access to areas, like my school's neighborhood,
fresh and nutritious produce year-round.

Perhaps the most apparent advantage is year-round crop production. In typical agriculture, crop production
corresponds to seasonal patterns, and any unexpected or adverse weather conditions could ruin an entire
harvest, affecting agriculture producers and consumers. Because of the controlled environment, extreme
weather conditions do not hinder crop production in a vertical farm. This also makes it potentially viable in the
most extreme locations like deserts or the Arctic, subsequently addressing accessibility for consumers.

Additionally, vertical farming is a practice that results in zero agricultural runoff. Agricultural runoff is not
avoidable in traditional farming practices because crops require more water than they receive from natural
rain events. Thus, the accumulation of agrochemicals like fertilizer, pesticides, and herbicides builds up in the
groundwater, eventually traveling to local freshwater sources. There is no need to use agrochemicals like
pesticides, herbicides, or fertilizers in vertical farming because everything is in a controlled environment.

With a transition to more vertical farming practices, we can also allow current farmland to return to its natural
state. If we leave farmland untouched and unaltered, we can assume that the habitat will return to its normal
state before farming. Examples of nature being restored to its natural settings when left alone can be seen
through examples like the Dust Bowl of the Midwest, Hubbard Brook Ecosystem Study, and the demilitarized
zone between North and South Korea.

Agriculture currently accounts for 70% of freshwater usage worldwide for the sake of irrigation.28 As stated
previously, crops need more water than what they receive from natural rain events, so irrigation is critical to a
crop's harvest. In indoor farming, hydroponics and aeroponics conserve water in their self-contained systems,
conserving anywhere from 70-95% less water.

Finally, another advantage to vertical farming is the opportunity to treat wastewater. According to the E.P.A.,
the United States produces 34 billion gallons of wastewater every day.29 Wastewater is any used water from
homes, businesses, and industries and can include human waste, food scraps, oils, soaps, storm runoff, and
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chemicals.30 If not properly treated and released back into the environment, wastewater can severely affect
human and environmental health. Vertical farms can act as a natural wastewater treatment system. In a
review from the Oceanographic Research Institute, it was stated that "Due to its high nutrient content,
reclaimed water (R.W. or treated wastewater) can be a source of water for hydroponic systems. With special
precautions, combining R.W. with hydroponic production makes it possible to obtain safe and viable
agricultural produce and provide additional treatment to the R.W. before its discharge to the environment.
This is of special importance in arid regions of the world, where freshwater resources are rapidly depleted, and
wastewater is discharged into the ocean and other water bodies without any further social or environmental
benefit."31

Opportunities for Future Innovation

While there are numerous advantages to vertical farming, there are also disadvantages. However, the
disadvantages that will be discussed can be viewed as opportunities for innovation. The first disadvantage to
vertical farming is high startup costs to purchase land or buildings within urban districts and the cost of the
technology used to control the farm's operations. Of course, initial startup costs mainly depend on location,
size, and level of equipment needed. One of the largest vertical farms in New Jersey, AeroFarms, costs $39
million for a 46,000 square foot facility;

whereas an acre of farmland in Iowa is around $8,000 an acre.32 When operating at a larger commercial scale,
vertical farming is almost entirely automated by robotics, so even the cost for day-to-day operations can be
high, being estimated at $330,000 annually for a facility like AeroFarms.33 To address high startup costs,
policymakers can support vertical farming in the future. Policies and initiatives that can support this new
industry are including vertical agriculture in city planning, tax incentives, defining the urban market to build a
stable source of revenue, and creating opportunities for training and education around this technology.34

Second, the operation is dependent on artificial light to drive photosynthesis, requiring a significant amount of
electricity. With ever-improving technologies, the future of vertical farming can be shifted to rely on
renewable energies, making electrical systems more sustainable. Third, a new farming industry can threaten
the community of conventional farmers. One of the highest costs of conventional farming is labor, and vertical
farming seeks to minimize that by relying heavily on artificial intelligence. While some labor-intensive jobs
may be lost, the vertical farming industry creates a whole new avenue for agricultural jobs. “Anecdotal
evidence demonstrates that so far, the job creations story aligns with this vision. Vertical farming is creating
entirely new jobs and drawing from a young, urban, highly-educated population that would be unlikely to
pursue traditional farming jobs.”35

The Future of Aeroponics

Between 1975-2010, just 320 patents related to aeroponics had been filed, but there have now been over
1000 filed within the last ten years. "Aeroponics is thought to resolve several plant physiological constraints
occurring during hydroponic cultivation. This can include greater oxygen availability within the root bed and
enhanced water use efficiency." However, this type of technology requires more sophisticated infrastructure
and technology. One study proposes different areas of future research for this type of farming system. A
couple of suggested research areas noted from the study: (1) Understand the increased productivity of
aeroponic cultivation to inform crop breeding and farm engineering. (2) Investigate the relationship between
droplet size, nutrient content, droplet deposition, and plant growth. (3) Understand the relationship between
the cycle of environmental factors and aerosol supply and composition.36
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Engineering Design Thinking

In the development of vertical farms, scientists and engineers engaged in what is known as "design thinking".
Design thinking can be broken down into different stages for any development process. The steps are (1)
empathize, (2) define, (3) ideate, (4) prototype, and (5) test. In the first stage, empathize, engineers must get
an understanding of the problem. They do this by asking questions to those directly and indirectly affected by
an issue and may even conduct additional research to understand. Having a clear understanding of the
problem leads to the next stage of defining the problem. Defining the problem clearly articulates what a
solution must be developed for. Once the problem is defined, an engineer can move on to ideating. Potential
solutions are brainstormed during the ideating stage and eventually narrowed down to move to the
prototyping stage. Once in the prototyping stage, a prototype is designed to test all or part of a solution.
Finally, the prototype moves on to testing. After conducting tests, improvements and modifications to the
design can be made in future cycles of the process, and this is repeated repeatedly until a desirable result is
achieved.

In this unit, students will have the opportunity to engage in the design thinking process as they are introduced
to the concept of food deserts and think about designing solutions for food accessibility in an urban
neighborhood.

Figure 3. Design Thinking Process. Photograph from the Wikimedia Commons.

Teaching Strategies

Blended Learning

As COVID-19 upended classrooms everywhere in the Spring of 2020, I was forced out of the comfort zone of
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what I thought teaching looked like. I researched and attended professional development opportunities on the
best online and hybrid teaching strategies. In my research, I came across the blended learning model, which I
now use with fidelity. Students work at their own pace utilizing instructional videos and guided notes usually
created by the teacher. Students engage with the content and then demonstrate their mastery by completing
a mastery check aligned to the standards being addressed. Student progress is documented for their
reference in knowing what they have completed and have yet to complete on a progress tracker. Based on
feedback completed by students, over 90% of students preferred this learning style compared to their
previous experiences and felt that they received more personalized feedback and support from their teachers.
As we head back to full-time in-person instruction, I will continue to use this model of instruction by adapting
the routines to work within a classroom environment.

Instructional Videos

Instructional videos can be created using any screen casting platform comfortable to the teacher. I prefer
using a platform that allows me and my screen to be visible in the same window. I keep the instructional
videos less than ten minutes in length to keep the content concise and not overwhelming. The information
included in the video can be structured to fit the needs of the teacher. The videos should be instructional and
guide students through the content you want to expose them to. Some screen recording platforms can also
embed questions throughout the video to ensure focus and understanding as students move through the
content. In most of my videos, I walk students through instructions of what they need to complete for the
lesson and an example of how I want them to engage with the lesson's content. An instructional video allows
students a resource to return to as many times as they need. The main things to consider in creating an
instructional video are your audience and your objective.

Guided Notes

In order to hold students accountable during the lesson, I create guided notes for students to complete during
their viewing of the instructional video and the lesson. The guided notes are structured to capture the most
important and relevant information for completing the lesson. I also embed any data collection, analysis, and
reflection into the notes so that students have one place to reference if needed in the future and to make my
observation of their work and understanding easily accessible.

Mastery Checks

Mastery checks are designed to assess students' understanding and are given after the lesson. Typically, they
are aligned to standards. In my class, all mastery checks align to the three dimensions of NGSS and assess the
dimensions covered in the lesson. Mastery checks allow me to understand which students still need support or
additional enrichment. It is the most helpful tool in the blended learning model because it allows me to plan
and differentiate instruction for the needs of all students.

Small Groups

While students work through the lessons, I use the time to pull small groups of students. I determine whom to
pull based on the mastery checks for each lesson. I first organize by students who are on the same lesson, and
then I differentiate my small group instruction based on their needs. I spend about 10-15 minutes instructing,
reassessing, or checking in with each group. If instruction is necessary, I typically use an I Do, We Do, You Do
model. At the end of an instructional small group, I reassess students to check for understanding.
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Progress Tracker

A progress tracker is another crucial component of blended learning. This tool tracks students' progress and
helps students know where they are at in a sequence of lessons, and it allows me to plan small group
instruction. On my progress tracker, each student can find their name, suggested pacing deadline, and their
lesson status: in progress, mastered, or needs revisions.

Engineering Teams

During the final engineering project for this unit, I will utilize engineering teams. Students choose a group of
3-4 students to be their team. Together, the team will synergize to perform the initial steps of the design
thinking process. Once the group reaches the design phase, students create individual designs and defend
those designs or the best parts of the design when they meet with their group. The team determines a design
or parts of everyone's design to create and then comes up with their final design, which they will create a
prototype for. Once the prototype is created and tested, students analyze and continue with another iteration.
Not only do the engineering teams promote peer collaboration, but it also saves on the number of materials
needed for the prototypes.

Jigsaw

The jigsaw strategy is a great peer collaboration strategy that fosters efficiency and holds students
accountable. In this strategy, there is typically some common topic that can be broken into different
subtopics. Students work in groups and assign each subtopic to someone in the group. All subtopics should be
assigned to at least one person in the group. Students are then responsible for becoming the “expert” on their
subtopic. After some time, students return to their groups and teach the rest of the group about their topic.
This strategy helps maximize time in the classroom and promotes student discourse.

Simulations

Simulations are a great tool to use in the classroom when teaching concepts that require students to engage
with something that might not always be observable, time-consuming, or expensive. In this unit, I will be
utilizing a simulation to investigate the different types of light, their properties, and their effect on different
materials. Using simulations can complement the scientific practices of NGSS, specifically, developing and
using models, planning and carrying out investigations, and analyzing and interpreting data.

Classroom Activities

History - Day 1 & 2

In the first lessons of this unit, students will be introduced to the history of food deserts in the Chicago area.
This will introduce the overarching problem students will eventually be solving in the culminating engineering
project. To explore how their neighborhood became a food desert, students will learn about the history of
redlining and how it still affects the urban foodscape today. By researching this history, students will gain
access to the background knowledge necessary to understand the current issues of food accessibility.
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In the following lessons of this unit, students will dive into the history of hydroponics farming. They will
explore different ancient civilizations, like the Aztecs, through a jigsaw and learn about their farming and
irrigation methods.

Energy - Day 3 & 4

Students will have already had exposure to the concept of energy at the beginning of the year. The purpose of
this lesson is to review energy concepts. Specifically, energy transfer and conversion will be covered as
students explore different energy stations. The stations can include any setup that shows energy transfer and
conversions like balloon rockets, solar-powered toys, heat spinners, bimetallic strips, tuning forks, and more.
Groups will have time to explore the items at each station and draw a model showing the types of energy
present and how it is transferred. The process of energy transfers and conversion will be helpful in
understanding the basics of photosynthesis and what drives plant growth.

Light – Day 5

Students also will have experience with light waves from a previous unit before this one. To review light,
students will engage with an investigation of different types of light using a simulation. Students will be able
to test different types of light in the simulation, which can help them in the final project by knowing what
lights are best and worst for photosynthesis. Fortunately, plants are an item that can be tested in the
simulation, so students can run tests choosing any light from the electromagnetic spectrum and test its
effects on a plant. Students will also be able to collect data on wavelength and amplitude and explain what
happens to the energy from the light as it interacts with the plant material since the simulation makes energy
observable. Once this foundational knowledge is reviewed, students will move on to studying the basics of
photosynthesis.

Design-Your-Own Hydroponics System – Days 6-10

The culminating project for this unit is the creation of a basic hydroponics system. At this point, students have
reviewed concepts related to hydroponic farming and are ready to begin the design thinking process. First,
students will consider how their community accesses fresh and healthy food. They will interview family and
community members to discern the desire for nutritious food accessibility from those affected by the food
desert in which they live. This is the empathy stage, where students will begin to understand the issue at hand
and how it impacts those involved. After interviewing stakeholders in the community, students will define the
problem. They should develop a problem statement related to the lack of and inaccessibility of fresh food
options. Students will continue through the design thinking process and begin to ideate or develop potential
solutions using hydroponics systems as a foundation. Before their solutions, students will research and learn
about the necessary components to create basic hydroponics systems. Once students understand the types of
systems, students will consider the materials they have to work with. The materials will primarily be items
found in the school building or from their homes. The materials available will be constraints, which students
will need to consider when designing a prototype. They will construct their prototype and enter the testing
phase. In the testing phase, students will determine the type of light to use, the composition of the nutrient
solution, and the type of plant they would like to grow. Since some plant types may take a considerable
amount of time to grow, it is expected that we would move on in the curriculum and revisit the systems
weekly to collect data. After 3-4 weeks of observation and data collection on the systems, students will
consider what worked and what could be improved. If materials and time allow, students can redesign and
retest a new iteration.
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Appendix: Implementing District Standards

NGSS Standards

While there are scientific concepts covered in the review of the Science related to hydroponics farming, the
primary standards to be achieved are covered in the culminating project of this unit when students engage in
the engineering process of design thinking. The following standards are NGSS standards aligned to
engineering and they complement the activities of the final project.

MS-ETS1-1 Define the criteria and constraints of a design problem with sufficient precision to ensure a
successful solution, taking into account relevant scientific principles and potential impacts on people and the
natural environment that may limit possible solutions.

MS-ETS1-2 Evaluate competing design solutions using a systematic process to determine how well they meet
the criteria and constraints of the problem.

MS-ETS1-3 Analyze data from tests to determine similarities and differences among several design solutions to
identify the best characteristics of each that can be combined into a new solution to better meet the criteria
for success.

MS-ETS1-4 Develop a model to generate data for iterative testing and modification of a proposed object, tool,
or process such that an optimal design can be achieved.
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