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Section I:
Project Overview

Time Required
15 hours of class time

Subjects 
Science, Math

Grade Level
6-7

Duration
15 contact hours, spread over 40+ days

Project Idea
Think of the food you ate today, in the last week, and over the last year. Where did it come from? 
Did you grow any of it yourself? What resources were needed to produce it? Based on data 
from the Energy Information Administration, the US Census Bureau, and other institutions, the 
solar panel company One Block off the Grid estimates that it takes 1.76 acres of land to grow 
the fruits and vegetables needed to feed a family of four for one year, and closer to 2 acres if 
wheat and corn are included. Fruits and vegetables are part of a healthy diet; but is there a less 
land-intensive way to grow them? 

Juice Plus+® thinks so. They make an aeroponic growing system called the Tower Garden®, 
which has been proven to use just a fraction of the land and water as traditional horizontal 
gardening, all while producing higher crop yields. In the Tower Garden Challenge, Juice Plus+ 
encourages students to work together as scientists to test claims that aeroponic growing 
methods can produce more food in ways that use less land and water. Students design 
and conduct a scientific experiment that rigorously tests and compares these two growing 
methods. Using scientific methods of inquiry and data collection, they take specific and 
accurate measurements, manage variables, make detailed observations, maintain a lab journal, 
visually represent their findings, draw conclusions, and consider aeroponic gardening’s future 
implications and real-world applications. They will present their findings to a panel of people 
who will play the roles of experts and stakeholders such as urban planners, farmers, restaurant 
owners, environmental engineers, and more. 

Content & Standards
The Tower Garden Challenge teaches students how to apply Next Generation Science Standards, 
scientific content, and team work skills to a real-world scenario as they conduct an authentic 
research study comparing two different methods of growing plants. Students will learn:

 ■ How to ask questions for scientific inquiry
 ■ How to plan and carry out investigations that use multiple variables
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 ■ How to analyze and interpret data
 ■ How to construct scientific explanations
 ■ How to use mathematics to construct explanations
 ■ How to engage in argument from evidence
 ■ How to obtain, evaluate, and communicate information

Next Generation Science Standards
The Tower Garden Challenge addresses a number of components of the Next Generation 
Science Standards. 

Middle School Life Science

Science & Engineering Practices
 ■ Planning and Carrying Out Investigations 
 ■ Analyzing and Interpreting Data
 ■ Using Mathematics
 ■ Constructing Explanations
 ■ Engaging in Argument from Evidence
 ■ Obtaining, Evaluating, and Communicating Information 

Cross-cutting Concepts
 ■ Patterns
 ■ Cause and Effect
 ■ Structure and Function

Disciplinary Core Ideas

MSLS1 Structure, Function, 
and Information Processing

LS1.A Structure and 
Function

All living things are made up of 
cells, which is the smallest unit 
that can be said to be alive. An 
organism may consist of one 
single cell (unicellular) or many 
different numbers and types of 
cells (multicellular). (MSLS1,1)

MSLS1 Structure, Function, 
and Information Processing

LS1.A Structure and 
Function

Within cells, special structures 
are responsible for particular 
functions, and the cell 
membrane forms the boundary 
that controls what enters and 
leaves the cell. (MSLS.2)
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MSLS2 Matter and 
Energy in Organisms and 
Ecosystems

LS1.C Organization for 
Matter and Energy Flow in 
Organisms

Plants, algae (including 
phytoplankton), and many 
microorganisms use the energy 
from light to make sugars (food) 
from carbon dioxide from the 
atmosphere and water through 
the process of photosynthesis, 
which also releases oxygen. 
These sugars can be used 
immediately or stored for 
growth or later use. (MSLS1.6)

MSLS2 Matter and 
Energy in Organisms and 
Ecosystems

PS3.D Energy in Chemical 
Processes and Everyday Life

The chemical reaction by which 
plants produce complex food 
molecules (sugars) requires an 
energy input (i.e., from sunlight) 
to occur. In this reaction, carbon 
dioxide and water combine 
to form carbon-based organic 
molecules and release oxygen. 
(secondary to MSLS1.6)

Common Core Standards

A note to teachers: Because this project can be completed in sixth or seventh grade, key 
Common Core Standards for grades six and seven are provided. Please consider the relevant 
standards for your grade as you embark on this project. 

ID Category Subcategory Standard
SL 6.1 Speaking and 

Listening
Comprehension 
and Collaboration 

Engage effectively in a range of 
collaborative discussions (one-
on-one, in groups, and teacher-
led) with diverse partners on 
grade 6 topics, texts, and issues, 
building on others’ ideas and 
expressing their own clearly.

SL 6.2 Speaking and 
Listening

Comprehension 
and Collaboration

Interpret information presented 
in diverse media and formats 
(e.g., visually, quantitatively, 
orally) and explain how it 
contributes to a topic, text, or 
issue under study.
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ID Category Subcategory Standard
SL 6.3 Speaking and 

Listening
Comprehension 
and Collaboration

Delineate a speaker’s 
argument and specific claims, 
distinguishing claims that are 
supported by reasons and 
evidence from claims that are 
not. 

SL 6.4 Speaking and 
Listening

Presentation of 
Knowledge and 
Ideas

Present claims and findings, 
sequencing ideas logically and 
using pertinent descriptions, 
facts, and details to accentuate 
main ideas or themes; use 
appropriate eye contact, 
adequate volume, and clear 
pronunciation. 

SL 7.1 Speaking and 
Listening

Comprehension 
and Collaboration

Engage effectively in a range of 
collaborative discussions (one-
on-one, in groups, and teacher-
led) with diverse partners on 
grade 7 topics, texts, and issues, 
building on others’ ideas and 
expressing their own clearly. 

SL 7.2 Speaking and 
Listening

Comprehension 
and Collaboration

Analyze the main ideas and 
supporting details presented in 
diverse media and formats (e.g., 
visually, quantitatively, orally) 
and explain how the ideas 
clarify a topic, text, or issue 
under study.

SL 7.3 Speaking and 
Listening

Comprehension 
and Collaboration

Delineate a speaker’s argument 
and specific claims, evaluating 
the soundness of the reasoning 
and the relevance and 
sufficiency of the evidence.

SL 7.4 Speaking and 
Listening

Presentation of 
Knowledge and 
Ideas

Present claims and findings, 
emphasizing salient points in 
a focused, coherent manner 
with pertinent descriptions, 
facts, details, and examples; 
use appropriate eye contact, 
adequate volume and clear 
pronunciation. 
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ID Category Subcategory Standard
RST 6-8.3 Science & 

Technical Subjects
Key Ideas and 
Details

Follow precisely a multistep 
procedure when carrying 
out experiments, taking 
measurements, or performing 
technical tasks.

RST 6-8.5 Science & 
Technical Subjects

Craft and Structure Determine the meaning of 
symbols, key terms, and other 
domain-specific words and 
phrases as they are used in a 
specific scientific or technical 
context relevant to grades 6-8 
texts and topics.

RST 6-8.7 Science & 
Technical Subjects

Integration of 
Knowledge and 
Ideas

Integrate quantitative or 
technical information expressed 
in words in a text with a version 
of that information expressed 
visually (e.g., in a flowchart, 
diagram, model, graph, or table).

RST 6-8.9 Science & 
Technical Subjects

Integration of 
Knowledge and 
Ideas

Compare and contrast the 
information gained from 
experiments, simulations, video, 
or multimedia sources with that 
gained from reading a text on 
the same topic.

WHST 6-8.1 Writing Text Types and 
Purposes

Write arguments focused on 
discipline-specific content.  

WHST 6-8.2 Writing Text Types and 
Purposes

Write informative/explanatory 
texts, including the narration 
of historical events, scientific 
procedures/experiments, or 
technical processes. 

WHST 6-8.7 Writing Research to Build 
and Present 
Knowledge

Conduct short research projects 
to answer a question (including 
a self-generated question), 
drawing on several sources and 
generating additional related, 
focused questions that allow for 
multiple avenues of exploration. 

WHST 6-8.9 Writing Research to Build 
and Present 
Knowledge

Draw evidence from 
informational texts to support 
analysis, reflection, and 
research. 
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ID Category Subcategory Standard
6.EE.A2 Expressions & 

Equations
Apply and 
extend previous 
understandings 
of arithmetic 
to algebraic 
expressions. 

Write, read, and evaluate 
expressions in which letters 
stand for numbers.

6.EE.B.6 Expressions & 
Equations

Reason about and 
solve one-variable 
equations and 
inequalities. 

Use variables to represent 
numbers and write expressions 
when solving a real-world 
or mathematical problem; 
understand that a variable can 
represent an unknown number, 
or, depending on the purpose at 
hand, any number in a specified 
set.

6.SP.B.5 Statistics and 
Probability

Summarize 
and describe 
distributions.

Summarize numerical data sets 
in relation to their context.

7.EE.A.2 Expressions and 
Equations

Use properties 
of operations 
to generate 
equivalent 
expressions

Understand that rewriting an 
expression in different forms 
in a problem context can shed 
light on the problem and how 
the quantities in it are related. 
For example, a + 0.05a = 1.05a 
means that "increase by 5%" is 
the same as "multiply by 1.05."

7.EE.B.4 Expressions and 
Equations

Solve real-life and 
mathematical 
problems using 
numerical 
and algebraic 
expressions and 
equations. 

Use variables to represent 
quantities in a real-world or 
mathematical problem, and 
construct simple equations and 
inequalities to solve problems 
by reasoning about the 
quantities.

7.G.B.4 Expressions and 
Equations

Solve real-life and 
mathematical 
problems using 
numerical 
and algebraic 
expressions and 
equations.

Know the formulas for the 
area and circumference of a 
circle and use them to solve 
problems; give an informal 
derivation of the relationship 
between the circumference and 
area of a circle.
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Section II:
Gold Standard PBL: 

Essential Project Design Elements

Challenging Problem or Question
At the outset of the Tower Garden Challenge, students receive a challenge from Juice Plus+ 
to test claims made about their vertical gardening system; their task is to conduct a research 
experiment to verify one that was conducted by the University of Mississippi. In designing 
and carrying out their experiment, students will develop skills in scientific inquiry, scientific 
communication, and evidence-based reasoning. The task challenges students to emulate 
the behaviors of adult scientists and think about how science can help address issues in their 
communities. 

Sustained Inquiry
As students learn about the scientific process through the design of original experiments, 
they learn that claims are strengthened when supported by an abundance of data. In order to 
draw reliable conclusions they must collect substantial amounts of data over the course of this 
long-term research process. Students have the opportunity to dive deeply into their work as 
they ask questions, collect precise information, maintain their experiments, and explore their 
curiosities.

Authenticity
Vertical gardening is a potential solution to many of the food production challenges the 
Earth’s population faces as it grows. By participating in this research, students have the 
opportunity to take part in research with a purpose. Using a professional process of inquiry, 
students will conduct original research and use their own data to form conclusions. They will 
use this information to inform their ideas about how vertical aeroponic gardening might solve 
problems in their local and global communities. 

Student Voice and Choice
There are many ways for students to address their challenge and multiple paths to a successful 
experiment. Along the way students work in teams, provide feedback to each other, serve in 
a variety of classroom roles, and use their own unique data to make a claim related to the 
challenge. At the public showcase, students have the opportunity to tell the community what 
they’ve learned, develop creative applications for their data and research, and make choices 
about where they donate the fruits  (or vegetables!) of their work. 
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Reflection
During the project, students are often tasked with group discussions and encouraged to seek 
feedback from their group members about their work. After they have collected and analyzed 
their data, students analyze their experimental methods to look for possible sources of error 
and make recommendations for the next group that will undertake the challenge.
 
Critique and Revision
The scientific process calls for an unbiased look at data and is a naturally collaborative process 
of critique and revision. Working in small groups, students will support one another in their 
data collection and analysis to refine and strengthen their scientific arguments. Students give 
and receive feedback on their work to improve their data collection, display their findings, and 
articulate their arguments. 

Public Product
Students work toward a culminating event during which they interact with adults acting as 
members of the community, such as an urban planner, chef, scientist, environmental engineer, 
and farmer. Students will present their work to these community members as they suggest 
ways they might be able to use the Tower Garden to address issues in their local and global 
communities.
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Students complete the Tower Garden Challenge by following a standard set of activities in a 
prescribed order. Within these set activities, however, there will be variation in the timing and 
in the way students complete them.

The sequence of instructional activities is described below. This sequence is based on pilot 
testing in school classrooms. Although changes may be necessary to meet time constraints, 
address the needs of specific student populations, or include additional instructional materials 
and learning opportunities, we strongly encourage teachers to adhere to the sequence of 
activities as closely as possible—at least for the first several times the Tower Garden Challenge 
is taught. Each step is discussed in more detail in the following section, the Step-by-Step 
Teaching Guide.

 Sequence of the Project 
 
 Preparing for the Project

  Teacher prepares for successful project implementation. 

 Launching the Project

  Entry Event: Introduce the project with a letter from Juice Plus+     
                            challenging students to test their product. 

  Show students a video about the Tower Garden and aeroponics.
 
  Students plant seeds. 

  Students consider the project’s driving question.

  Students generate a list of questions to answer during the project. 

  Students compare growing methods. 

  Students design their experiment. 

  Students identify the control, independent, and dependent variables in their   
  experiments. 

Section III:
      Teaching the Tower Garden Challenge
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  Students set up the Tower Garden. 

  Students set up the horizontal garden. 

 Scaffolding and Managing the Project

  Students consult with local expert(s) to determine the qualities/traits they   
  will need to monitor over the course of the project to determine the health of   
  their plants. 

  Facilitate a discussion of data collection and types of data. 

  Students calculate land savings and begin to consider aeroponics’ future   
  implications and real-world applications.

  Students are assigned/choose roles related to maintaining the plants.

  Students transfer sprouted plants to the Tower Garden pots and to the 
  horizontal garden; they begin to make observations at routine intervals and   
  embark on data collection. 

  Students examine small sections of their plants under the microscope to   
  compare traditionally grown and aeroponically grown plants at the cellular level.  

  Students explore the process of photosynthesis.

  Facilitate a gallery walk of various ways to visually represent data.

  Students compile their data to create a graph of their findings thus far. 

  Students develop another way to visually represent their data. 

  Students compare data and analyze trends and observations. 

  Based on their data, students draw conclusions. 

  Students engage in post-experiment reflection/analysis of experimental   
  methods.

  Students return to considering implications for the future and use their data to   
  suggest applications in the real world.

  Students refine a body of work to display at the showcase. 

  Students harvest their food and sample it.
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 Assessing & Showcasing Student Work

  Students prepare CSA boxes and/or plan an event for guests to sample their   
  harvest.

  Secure a space and time for the showcase.

  Students practice their presentations. 

  Assign students roles to execute the showcase. 

  Set up the showcase space. 

  Students present their findings to a panel of “experts” from the community and   
  address questions from the panel.

  Use supplied rubric for student and/or teacher assessment. 

  Reflects on successes and areas for adjustment for the next time the    
  project is conducted, and students self-reflect.
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Step-by-Step Teaching Guide

0

To learn how to 
design & implement 
a project, take classes 
at PBLU.org.

Each of the above instructional activities is discussed in more depth below, with tips for 
successful classroom implementation.

 Preparing for the Project

  Teacher prepares for successful project implementation. 

Successful implementation of a project requires that teachers plan, prepare, and communicate 
prior to undertaking the project. Issues to consider before beginning this project include: 

 ■ How much time in and out of class should we devote to this project?
 ■ How much physical space do we have to devote to this project? 
 ■ What professional examples of scientific research might be useful to gather in advance?
 ■ What opportunities for partnerships with the community (parents, adult facilitators, 

professionals, community organizations, etc.) are available during the course of the 
project?

 ■ What basic scientific or growing skills do students already have that can be incorporated 
into this project or built upon?

 ■ Is it necessary to arrange access to the library, media center, science or computer lab?
 ■ What resources will be necessary in various stages of the project? Can any of these be 

borrowed from nearby teachers, parents, or community members?
 ■ Will the plants grown during this project be donated as part of a CSA box or prepared 

as part of a meal for guests?
 ■ Will our plants be grown indoors or outdoors? 
 ■ What is our classroom budget to spend on materials related to this project? 

Choose a season and a space.  Aeroponically grown plants will be grown using the Tower Garden 
and traditional plants will be grown using soil in pots. The project can be conducted in the 
classroom or outdoors depending on climate and time of year, and this should be determined 
upfront by the teacher. Regardless of when you choose to do the project, it is important that 
both sets of plants be grown either inside or outside. 

Teachers new to projects that involve growing plants may benefit from the Growing and 
Maintenance Tips sheet found in Section V: Teaching Materials.
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Purchase the Tower Garden and other growing supplies. Tower Garden kits and materials can 
be ordered from the Juice Plus+ sponsored website (www.towergarden.com). Materials are 
delivered in about five to seven days. Teachers will also need materials to create a horizontal 
garden. You can use whatever materials your school already has on hand; solicit donations 
from the community; apply for grants; or you may consult the shopping list provided at the 
end of this document.

The Grow Supply Shopping List can be found in Section V: Teaching Materials.

Select seed varieties. The teacher should preselect which types of plants to grow during the 
project. The Tower Garden unit comes with sweet basil, Marketmore cucumber, gourmet lettuce, 
red cherry tomato, pepper, eggplant, and Beefsteak tomato seeds. The grow light kit comes 
with arugula, Bibb lettuce, gourmet lettuce, bok choy, and rainbow chard. School-specific seed 
bundles are also available, which include basil, rainbow chard, Bibb lettuce, gourmet lettuce, 
and bok choy. These are recommended for the project’s initial run because of their simplicity 
and fast (and similar) growing cycles, and their use is assumed here.

Have each student bring a lab journal to the entry event. To complete this project, each student 
will need a Tower Garden Challenge (TGC) lab journal that will be used throughout the project 
to take notes, collect data, record observations, prepare sketches, and so on. The day before 
the entry event, instruct each student to bring a composition notebook to class that will be 
dedicated to this purpose (or provide one for each student). The TGC lab journal will be an 
important space for recording ongoing lab work and ideas. It will also be among the final 
products displayed at the public showcase at the end of the project. 

Group students. To prepare for Step 6 (seed planting), you can predetermine which students 
will grow each type of plant, keeping in mind that each student will grow two plants (one 
traditional and one aeroponic). You may choose to assign students to particular seed types to 
ensure even numbers. Alternatively, you may allow students to choose which types of plants 
they would like to grow. You may also allow students to provide a list of their top three choices 
and use the lists to ensure seed types are evenly distributed among the class. Either way, a 
strategy should be considered ahead of time. 

Later in the project, all of the students growing basil will compile their data, take averages, 
and draw conclusions. All of the students in the bok choy group will do the same, and so on. 
Each plant group should be approximately the same size so each has an ample amount of data 
(sample size) by the end of the experiment. If you are growing five different types of plants and 
have a class of 25 students, there should be five students in each plant group.  

Brainstorm potential community partnerships. This project offers a number of opportunities 
to establish authentic connections to the community. Adults and/or organizations in the 
community can offer valuable expertise that will be helpful over the course of the project. 
Scientists, farmers, restaurant owners, plant nursery store employees, gardeners (professional or 
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1

2

amateur), and city planners may all be able to offer advice and play important roles. Partnering 
with school cafeterias and/or local food kitchens may also add authentic elements to students’ 
work. At this early stage, you can also reach out to community members to build relationships 
and set up classroom visits for later in the project, and also consider spaces to be used for the 
showcase, if it is to be held somewhere other than the classroom.

Make microscope arrangements. You should also arrange to borrow microscopes for a portion 
of the project if they are not on hand in the classroom. Borrowing them from local high school 
teachers is one option. 

 Launching the Project

 Entry Event: Introduce the project with a letter from Juice     
Plus+ challenging students to test their product. 

To prepare students for this project, ask them if they have any experience with gardening and 
what plants they regularly eat. Then ask students if they have ever imagined it possible for 
plants to be grown without traditional elements like sunlight, pots, fields, or any soil at all. 
When they likely express surprise, share with them the following work underway by NASA to 
grow plants in a microgravity chamber: http://www.cnet.com/news/space-lettuce-astronauts-
to-grow-greens-on-space-station/. 

Now, let them know that NASA’s plant growth system is still in testing and not yet intended 
for widespread use on Earth. However, there is a company called Juice Plus+ that has already 
developed an alternative method for growing plants that could be an improvement over 
traditional methods. Tell them that in an independently conducted study by the University 
of Mississippi, Tower Garden systems were found to grow plants with higher yields than 
traditionally grown plants. 

Display or distribute copies of the Entry Event Challenge Letter from Juice Plus+, 
which can be found in Section IV: Student Handouts.

 Show students a video about the Tower Garden and aeroponics.  
 
Ask the class if they accept the challenge from Juice Plus+ to test their product and measure 
its effectiveness. Explain that in this project, students will function like scientists whose task is 
to verify the University of Mississippi findings by designing an experiment that tests whether 
aeroponic growing does indeed offer advantages over traditional gardening. Also, tell the class 
that they will ultimately present their findings in a public showcase to various people who will 
play the roles of experts, professionals, and community members interested in the evidence-
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based outcomes and applications of their research. 

Show students the “How the Tower Garden Works” video (https://www.youtube.com/watch?
v=l7EzYmO9u8M&feature=youtu.be). Then, hand out the Tower Garden Yield Study, which 
summarizes the most important findings from the University of Mississippi study. 

The Tower Garden Yield Study can be found in Section IV: Student Handouts.

Ask students to identify the claims the study makes about the advantages offered by aeroponic 
growing. Students will likely identify the following advantages:

 ■ Plants grow faster
 ■ Plants grow bigger and produce more fruit (30% higher yield)
 ■ Plants have higher nutrient content
 ■ The Tower Garden use less land (90% less)
 ■ The Tower Garden uses less water (90% less)

 Potential Hurdle: Nutrient content will be difficult to measure in a typical classroom 
 without sophisticated lab equipment. Focus students on growth rate, yield, land use, and   
 water use.

At this point, distribute or have students take out the notebooks that will be dedicated to this 
project. To create their TGC lab journal, instruct them to create a title page with the name of the 
project, their name, class period, school name, and other basic information. Then instruct them 
to create a Table of Contents that will be completed as the project progresses.

Students plant seeds. 

Although they have yet to consider some core elements of the project, now is a good time 
to have students plant their seeds, because they will need 40+ days to grow. Students will 
choose which seeds to plant (unless this has been predetermined by the teacher) and each 
student will grow two plants (one traditional and one aeroponic). Each plant group should 
be approximately the same size; if you are growing five different types of plants and you have 
a class of 25 students, there should be five students in each plant group. Seeds for the Tower 
Garden are planted in the rock wool provided with the kit. Seeds for the horizontal garden are 
planted in pots according to the planting instructions on the seed packets. Placing a humidity 
dome or small plastic covering over the pots for three to five days will help the seeds germinate.

Depending on the time available in class, the teacher can prepare pots for the horizontal 
garden by mixing the soil and adding it to the pots ahead of time. Alternatively, the students 
can mix and add the soil to their own pots. To prepare soil mix, add fertilizer to water according 
to the instructions on the fertilizer. Then add water to soil until it is damp.

3
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Be sure to have students carefully label pots/seeds with their names, plant types, and date. The 
planting date should also be recorded in their TGC lab journals, as should the sprouting date 
(when that occurs). 

 Potential Hurdle: Be sure to plant extra seeds for those that don’t germinate. This way,   
 no student will be left without a plant to follow. 

Students consider the project’s driving question.

Introduce the driving question and help students understand the goals of their work. Tell 
students to create a Driving Question page in their TGC lab journals. In small groups, have 
students brainstorm initial ideas about the following question:

Can we prove that growing plants in a Tower Garden is more effective 
than traditional growing methods?

Help students unpack the question by asking, for example, what “more effective” means in this 
context. Ask them to be as specific as possible. How might they prove this? What might their 
proof look like? What are they most curious about? Have students jot down their notes, initial 
impressions, and any other questions generated by this discussion. 

Students generate a list of questions to answer during the project. 

Now that students have been presented with the challenge and considered the driving 
question, help them develop questions they will attempt to answer over the life of the project. 
Support students as they generate questions by asking them: 

 ■ What about this challenge is most curious or interesting to you?
 ■ What are you hoping to discover through this project?
 ■ What do you need to know to answer the driving question?
 ■ What information might help us to further understand our work?
 ■ What information might help us answer the driving question?

Remind students to consider the driving question as they generate ideas for inquiry and 
encourage them to develop questions that are connected to the driving question.

Students compare growing methods. 

Next, have students create a Comparison of Growing Methods page in their TGC lab journals. 
Here they will record their thoughts about how aeroponic and horizontal growing methods 
differ in ensuring that plants’ basic needs are met.

To this end, facilitate a discussion about traditional horizontal growing methods and aeroponic 
ones. Good information about aeroponic growing is found at the Tower Garden website 

4
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(www.towergarden.com). Students can discuss their ideas about what plants need to grow 
and stay healthy (sun, water, nutrients, soil, space, pH, light-dark cycle) and how the two 
different techniques meet plants’ needs. Students should create columns in which they note 
key differences and similarities between the two methods. They should then generate a list of 
remaining questions about the two growing methods.

Students design their experiment. 

Now that students understand the differences between traditional growing methods and 
aeroponic methods and the reported advantages of aeroponics, it is time for them to design 
experiments. Have them create an Experimental Design page in their TGC lab journal where 
they can log experiment ideas, definitions of key terms, and ultimately a final experimental 
design.

Ask the class to think about the claims they identified during the entry event. With these claims 
in mind, revisit the driving question. In groups, students can brainstorm ideas about the driving 
question and the following subquestions as they develop a plan for their experiment:

 ■ Can we measure which plants grow faster? If so, how?
 ■ Can we measure which plants are bigger? If so, how?
 ■ Can we measure nutrient content? If so, how?
 ■ Can we measure differences in land use? If so, how?
 ■ Can we measure differences in water use? If so, how?

For ideas, see the Data Collection Guide sheet in Section V: Teaching Materials.

Students and/or teacher will need to determine which part(s) of the plant will be measured 
to determine the growth rate and yield. This could be an interesting opportunity to discuss 
methods of data collection, the amount of data necessary, and the need for precise planning. 
Questions to consider when inquiring about measurements include:

 ■ What is the most accurate way to measure the size of the plant?
 ■ Will we measure the overall height of the plant?
 ■ If we measure the height, what will we do if the plant is leaning, falls over, or bends?
 ■ Will we measure the plant’s leaves?
 ■ Will we measure one leaf, or many leaves and take an average?
 ■ Will we measure the same leaf or leaves each time we take measurements?

For ideas, see the Example Experimental Design sheet in Section V: Teaching Materials.

7
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Students identify the control, independent, and dependent variables in their 
experiments. 

Still on the Experimental Design page of the TGC lab journal, ask students to look at their 
experimental plans and identify the following integral components of a well-designed 
experiment.

To illustrate for students the importance of these elements, 
see The Case of the Missing Control in Section V: Teacher Materials.

Control. Discuss with students why the control group is necessary. Ask them to identify the 
control group in their own experiment. In this project, the traditionally grown plants will be the 
control group, while the Tower Garden plants will be the experimental group. 

Variables. Have students consider and define the term variable (something that affects the 
outcome of the experiment). Then, have them identify variables (independent, dependent, 
and controlled) that exist in their experiments. 

 ■ Independent variable. The independent variable is the thing we are changing for the 
experiment so we can observe the effects. Ask students to consider how they are 
treating the two groups differently. What are they doing to the Tower Garden group 
that they are not doing to the horizontal group? (The independent variable in this 
experiment is the aeroponic growing method.)

 ■ Dependent variable. The dependent variable is the thing(s) affected by or changed by 
the independent variable. Ask students, “By treating plants with aeroponic growing 
conditions, what do we expect to change? What will we measure/observe?” (The 
dependent variables in this experiment include growth rate, crop yield, land use, and 
water use.)

 ■ Controlled variables. The controlled variables are those that are held constant across 
the two experimental groups. Ask the students, “What other things might cause 
differences in growth rate, size, and so on?” Students should attempt to identify other 
factors that could cause differences in the plants. As they discuss elements like length 
of exposure to light, brightness or intensity of light, temperature, and pest infestation, 
point out that these are all variables that may affect the outcome of the experiment. 
One job of a scientist is to make sure that all of an experiment’s variables remain the 
same/constant between the control group and experimental group. Students want to 
make sure they are testing the effect of different growing methods, not the effect of 
different temperatures or different amounts of light. These are the controlled variables. 
(The controlled variables in this experiment include the type of light, photoperiod, 
temperature, and pH). 

8
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9 Students set up the Tower Garden. 

Setting up the tower as a class and exploring how it will work—where the water and light will 
come from—creates an opportunity to explore in more depth how traditional growing differs 
from aeroponics and how the system meets the needs of the plant. Any new insights gleaned 
from the process should be added to the Comparison of Growing Methods section of students’ 
TGC lab journals. If time permits, students could sketch the empty tower and label its parts and 
how they work.

Students set up the horizontal garden. 

The students and/or teacher set up the growing shelves, light fixtures, and growing bulbs. 
Be sure to set up each of the shelves equidistant from the light fixture hanging above it to 
ensure that all plants receive equal amounts of light. It is also important to leave enough space 
between the light fixture and the shelf to allow for full growth of the plants (roughly 24 inches). 

 Scaffolding and Managing the Project

Students consult with local expert(s) to determine the qualities/traits they will 
need to monitor over the course of the project to determine the health of their 
plants. 

Have students create a Data Collection and Observations page in their TGC lab journals, under 
which they will create a subhead called Tips. Here they will record advice and suggestions from 
local experts who will join the class to discuss their work with plants and answer questions 
about plant care, plant health, and observations. Local experts might be farmers, greenhouse 
or plant nursery workers, scientists, or parents who have experience gardening or other useful 
knowledge of plants. Botanists or plant research experts from local universities would also 
make excellent contacts. 

See the Sample Letter/Email to Experts in Section V: Teaching Materials.

To make the most out of the experts’ class time, work with students before the visit to brainstorm 
questions they can ask. Similarly, prep the expert to focus on talking to students about how to 
make careful observations of plants, monitor their health, and take measurements. 

Ask students to keep notes of ideas/information that may be important to consider in their 
journals, such as: 

 ■ What are the signs of a healthy plant? 
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12

 ■ What do you notice in plants that are not healthy?
 ■ How do you suggest we measure the plants to track growth?

Students will establish a list of factors to monitor that will be the basis of comparing the two 
plant sets. These will likely include growth rate, size (students must consider how to measure 
this), color, texture, leaf health, presence/absence of pests, and pH of soil. What they come up 
with in their lists will further inform their work around collecting data and making observations. 

Facilitate a discussion of data collection and types of data. 

Informed by the expert visit, facilitate a final discussion to help students decide what specific 
observations they will make, the types of data they will collect, and how often they will do so 
over the course of the project. Record important observations and types of data on a chalk 
or white board. Have students design a Data Collection Template or use the one provided in 
this document. Students, guided by the teacher, consider how much data is necessary to draw 
valid conclusions and make observations accordingly. Finally, discuss the difference between 
quantitative and qualitative observations and have students classify each of the data to be 
collected as one or the other. 

Data Collection Templates are provided in Section IV: Student Handouts.

Students calculate land savings and begin to consider aeroponics’ future 
implications and real-world applications.

As students begin to measure the potential benefits of aeroponically growing plants, they 
will calculate how much ground area is being conserved in their own experiment. Taking this 
and other potential benefits into account, students will consider potential uses for aeroponic 
gardens in their communities and the world at large. 

Ask students, “How much land are we really saving by growing our plants in a Tower Garden?” 
Looking at the back of their seed packets, students will calculate how much ground space it 
would take to grow the 20 to 28 plants that will be in the Tower Garden. Each plant group will 
work together to calculate how much land it would take to grow their plants. Each group will 
then add their total area to a table on the board created by the teacher, and use the calculations 
to get a class total. 

Then, the class will calculate how much area the Tower Garden is using. To do this they will 
trace the base of the tower and calculate its area by finding the radius and using (A = πr2). The 
areas can then be compared to determine how much land is being saved using the aeroponic 
method. 

Conserving land is one advantage of aeroponic growing, but there may be many other 
advantages and potential applications. Show students the following video in which Dr. Dickson 
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Despommier, professor of microbiology at Columbia University who runs the website www.
verticalfarm.com, discusses some possible uses (http://youtu.be/1clRcxZS52s). Then allow time 
for students to explore the Future Growing website (www.futuregrowing.com/projphotos.
html) to investigate further uses they might consider later in the project (see Step 24).  

Students are assigned/choose roles related to maintaining the plants.

Various jobs need to be done throughout the project that relate to documenting and 
maintaining both sets of plants. These include taking pictures, maintaining the water supply, 
adding mineral tonic/fertilizer, monitoring pH levels, monitoring power, controlling pests, and 
more. 

Each role will require more than one student. Teaming up will allow students to share the 
demands of the job, provide opportunities for building collaborative skills, and also help keep 
the project going when students are absent. Additional roles can be assigned to students who 
fall behind (if their plant fails, for example). 

You can assign roles to students based on your perceptions of students’ skill sets. Alternatively, 
this could be a good opportunity to allow for student voice and choice in the project. Facilitate 
a brief student discussion around some or all of the following:

 ■ What strengths and/or skills do I bring to the class?
 ■ What interests do I have related to the various roles?
 ■ Which roles might be a good fit based on my strengths and interests?

Attempt to steer students toward roles that will allow them to feel challenged and successful. 
Teachers can choose a strategy that works well with their own teaching style and the culture of 
their school/classroom.

 Potential Hurdle: Data collection and project jobs will be taking place on a near daily basis  
 by this point. Be prepared for this level of activity and make sure to schedule time each day   
 (or every other day) for these activities.

Students transfer sprouted plants to the Tower Garden pots and to the horizontal 
garden; they begin to make observations at routine intervals and embark on 
data collection. 

From this point on, students will collect data about their plant on a regular basis in the Data 
Collection and Observation sections of their TGC lab journal. It is probably not necessary to 
record information every day, but three times per week is manageable and will produce plenty 
of data. Also, at this point in the project, students should also begin to take photos of both the 
Tower Garden and the horizontal garden. 
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Project Extension: Encourage students to take their photos to the next level by doing time lapse 
photography. Taking good time lapse photos involves consistency—each photo in each set 
should be taken using the same camera, lighting, perspective/angle, and zoom. The more similar 
these elements, the smoother the final time lapse will be. Consult the following website for good 
information on how to make a simple time lapse sequence: http://www.popphoto.com/time-lapse. 

Students examine small sections of their plants under the microscope to 
compare traditionally grown and aeroponically grown plants at the cellular 
level.  

As their plants grow, students will take a closer look at what they are made of. Students can 
take samples by carefully tearing or cutting a small piece of a leaf (about the size of a paper 
hole punch) from their plant. Only very small samples are necessary, and students should avoid 
jeopardizing the health of their plants. Students in each plant group can all take samples from 
a different section of their plants (tip of leaf, base of leaf, stem) and discuss any similarities 
or differences they observe. Using microscopes, have students prepare slides, operate the 
microscopes, and identify cells in the leaves of their plant. Let students’ experience inform the 
extent to which you provide explicit instruction on creating wet mount slides and microscope 
operation.  

Have students sketch their observations, or photograph them through the lens of the 
microscope if cameras are available. Have students make a wide range of observations, or use 
the following checklist: 

 ■ Identify and compare cells (shape, pattern, size)
 ■ Identify and compare cell walls
 ■ Identify and compare chloroplasts (photosynthesis)
 ■ Identify and compare stomata (gas exchange) 
 ■ Compare samples taken from different sections of the same plant type

Then, have them hypothesize about the potential cause(s) of any observed differences. This 
activity can be repeated later in the project if students discover valuable information and 
would like to follow up.

Project Extension: Students can create naturalist sketches of their plants, being careful to detail any 
observed differences on the macroscopic level. This could be done in partnership with an art teacher. 
Show students professional examples of naturalist sketches, such as from the American Society of 
Botanical Artists (www.asba-art.org/member-gallery) or Darwin Online, Specimen Illustrations 
(http://darwin-onling.org.uk/graphics/SpecimenIllustrations.html). As their plants start to develop 
in the tower and in pots, students should carefully draw the various components of the plants and 
label them. After they finish, students can use a critique process to improve the accuracy and artistry 
of their sketches. Students should be advised to provide kind, specific, and helpful feedback about 
each others’ sketches, and work together to improve their accuracy and artistry. Here students can 
also add dimensions, measurements, and indications of any other observed differences.
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Students explore the process of photosynthesis.

Facilitate a discussion about photosynthesis that stems from observations made at the cellular 
level (that is, regarding the plants’ chloroplasts and stomata). Depending on what prior 
knowledge they have about plants, help students or have them construct the equation for 
photosynthesis or an adapted version of it (water + carbon dioxide  light   sugar + oxygen). 

Then, students will generate a report that explains photosynthesis and how it relates to growing 
plants. The report should detail the important reactants (CO2 and H2O) and products (C6H12O6 
and O2) of the photosynthesis equation and describe the role of light. 

The students should also discuss the importance of C6H12O6 (glucose) as a product and connect 
it to plants’ role in an environment. Plants build glucose molecules, which other animals 
(including humans) require for energy. They also remove CO2 from the atmosphere and release 
O2 into the atmosphere. 

Project Extension: This is a good point at which to offer students the opportunity to explore some 
practical applications of photosynthesis. Scientists recently created an “artificial leaf” that may have 
some interesting applications related to energy production. Exploring this topic will allow students 
to dig deeper into the process of photosynthesis. See Matthew Ponsford and Nick Glass, “The Artificial 
Leaf that Could Power the World,” CNN.com, April 28, 2014. http://www.cnn.com/2014/04/28/tech/
innovation/the-artificial-leaf-power-solar-electricity/; Lori Zimmer, “MIT Scientists Create Artificial 
Solar Leaf That Can Power Homes,” InHabitat, http://inhabitat.com/mit-scientists-create-artificial-
solar-leaf-that-can-power-homes/; and Stephen S. Hall, “Daniel Nocera: Maverick Inventor of 
the Artificial Leaf,” National Geographic, May 2014. http://news.nationalgeographic.com/news/
innovators/2014/05/140519-nocera-chemistry-artificial-leaf-solar-renewable-energy/

Facilitate a gallery walk of various ways to visually represent data.

Gallery walks serve to expose students to a variety of images or texts by allowing them to walk 
around the room and view a collection of images. The material can be placed on tables or hung 
on walls around the room. This technique can be especially engaging for kinesthetic learners. 

Select a strong example of each of the following for students to browse during the gallery walk: 
line graphs, bar graphs, statistics, infographics, photos, diagrams, equations, pie charts, and 
data tables. Ask students to record their ideas about which methods appeal to them and why, 
and which methods might work best for their own data. After the gallery walk, have students 
discuss effective methods for communicating data, along with the advantages/disadvantages 
of each approach.  

Students compile their data to create a graph of their findings thus far. 

Using their data collection sheets, students create a graph to display the growth of their plants 
to date. Support students in creating a graph of growth rate for each of their plants. Both lines 
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(for the traditional growth and for the aeroponic growth) should be on the same graph to 
allow students to make side-by-side comparisons. The points can be plotted and lines drawn in 
different colors to distinguish which data is for which plant. 

Next, have students calculate the slope of their lines to find growth rates. Be sure to remind 
students to label their graphs and include a legend for the two different lines on the graph. 
These graphs can be digital or on paper depending on the students’ skill sets and the classroom’s 
available resources. Do consider the craftsmanship of the graphs, as they will be displayed at 
the showcase when students present their work.

Students develop another way to visually represent their data. 

In addition to the graph of growth rate (which all students will have), each student will now 
create another visual representation of their data. Encourage students to recall their ideas 
and observations from the gallery walk as they think about another way to represent their 
findings. For example, students can use the data they have from Step 13 (land use) to create a 
visual representation such as a bar graph, or calculate the total amount of water used for each 
growing method over the course of the project and represent it with an infographic. Around 
now (after approximately 40 days of growth), students can also take their final measurement 
and record it as the total yield of the plant. Alternatively, students could weigh their plants after 
they harvest them and add this piece of data. 

Students may notice differences other than growth rate, land use, or water use that they feel 
are significant. Encourage students to carefully look through their data and think creatively 
about any additional differences they may want to communicate to the panel at the showcase. 

Project Extension: Students that move quickly through the work may opt to create more than one 
additional representation. In this case, students could create a portfolio that contains an example 
of each of the data representations observed in the gallery walk. Alternatively, students could create 
one comprehensive infographic that creatively communicates all of their significant findings along 
with information about aeroponic growing technology.  

Students compare data and analyze trends and observations. 

Students will now have the opportunity to compare their data with other students, as 
scientists often do in the scientific community. This is a great opportunity to discuss the open, 
collaborative nature of scientific work. The following article published by the University of 
California, Berkeley, is a good source for more information and ideas to discuss with the class: 
http://undsci.berkeley.edu/article/0_0_0/howscienceworks_02.  
 
Students should work in groups with other students who grew the same type of plants to 
take averages and compile a group graph. Facilitate a discussion of class-wide data as well so 
students can compare their own plants to the overall class averages (the average growth rate 
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for all aeroponic plants, for example). This activity can be used to launch a conversation about 
sample size and the importance of collaboration in the scientific community, where findings 
are often published for others to see, discuss, retest, and build upon.   See the Monarch Lab: The 
Process of Science for further explanation about the importance of sample size or replication in 
science: http://monarchlab.org/education-and-gardening/how-to/the-process-of-science.

Points of discussion include:  

 ■ Are the Tower Garden plants growing faster? If so, at what rate?
 ■ Are they using less water? If so, how much less?
 ■ How do the two crops’ yields compare? 
 ■ Is one student’s data enough to draw a valid conclusion? 
 ■ Is the data of the entire class enough to draw a valid conclusion? 
 ■ How much data/evidence is necessary to draw a strong conclusion?
 ■ Does the larger class set of data make our work stronger? Why?

Based on their data, students draw conclusions. 

Have students create a Conclusions page in their TGC lab journals. Working in groups, students 
discuss their graphs, look back through their observation notes and photos, and attempt to 
draw a conclusion or make a claim to answer the driving question and respond to the initial 
challenge from Juice Plus+. Did they prove that growing plants in a Tower Garden is more 
effective than traditional growing methods? If so, which data supports this? In what ways is the 
Tower Garden more effective?

Students craft scientific arguments related to the driving question that are supported by 
their data. For example, “Plants grown in the Tower Garden were 34% larger than plants 
grown traditionally. After 28 days, my aeroponically grown kale plant weighed 133g and my 
traditionally grown kale plant weighed 100g.”

Students engage in post-experiment reflection/analysis of experimental 
methods.

Have students create a Post-experiment Reflections page in their TGC lab journals where they 
can reflect on their scientific work and make recommendations for future students who take 
the Tower Garden Challenge. In small groups, students discuss the following questions and 
collect ideas in their journals:

 ■ Was there anything else that could have caused the differences we noticed in the plants? 
 ■ Do we have enough data to confidently make scientific claims?
 ■ What are the possible limitations of our work?
 ■ What are any potential sources of error? 
 ■ What recommendations might we make for future students who take the Tower Garden 

Challenge (next year’s class)? 
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Students return to considering implications for the future and use their data to 
suggest applications in the real world.

Based on their findings, students can return to exploring ideas about aeroponics’ future 
implications and real-world applications. Returning to the material they reviewed in Step 13 
(of what advantages they predicted; of where/when/why/how/to whom/in what settings 
might these advantages be helpful), ask students to use their data to brainstorm feasible real-
world uses for aeroponic growing. Steer students toward considering non-growth rate related 
benefits/differences, such as water and land use, or even location (such as far away/hard-to-
reach outposts or bases, on ships, or even in space). 

Have students add a Real-World Application section to their TGC lab journals and record ideas 
in response to the following questions:  

 ■ What advantages does the aeroponic growing method appear to offer? 
 ■ What data do we have to support these claims?
 ■ Where, when, why, how, to whom might these advantages be helpful? (students make 

a list of possible applications)
 ■ How can our community/the world benefit from these advantages?
 ■ How might aeroponic growing allow humans to explore new opportunities, places, 

situations, technology, or scenarios that have not been options until now?

This step should be used to help students brainstorm and prepare their ideas for the public 
showcase, in which they will present to a panel of community experts/adults acting as experts 
about potential uses of the Tower Garden in their community and the world beyond. 

Students refine a body of work to display at the showcase. 

By this point, students will have a comprehensive TGC lab journal, a graph comparing the 
growth of their plants, a second (or more) visual representation of their data, and, if they did the 
project extensions, time lapse photography of the two groups of plants and a set of naturalist 
sketches. Students now make any final revisions to their work and prepare ideas to present to 
the panel of experts at the showcase. 

Students harvest their food and sample it.

By this point, the plants have reached maturity and can be harvested. Although most of the 
produce will be placed in CSA boxes or served to guests at exhibition (see Step 27), the students 
may want to enjoy the fruits (or vegetables) of their labor. Using scissors, students can harvest 
some of their plants, being careful to cut only as much as they plan to eat immediately. For this 
step, you may want to bring in a small assortment of other vegetables, cooking oils, sauces 
and condiments, herbs and spices, or cooking equipment so students can make small salads or 
cook basic dishes.  
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 Assessing & Showcasing Student Work

Students prepare CSA boxes and/or plan an event for guests to sample their 
harvest.

At this point, the class has two options for what to do with the produce grown during the 
project. 

Option 1—prepare community-supported agriculture (CSA) boxes to donate. CSA boxes—
which are typically filled with a mosaic of different seasonal, locally grown foods from a nearby 
farm or growing operation—could be presented to the local experts who helped with the 
project or to the people who participate in the showcase. They could also be donated to a local 
food kitchen or to the school’s cafeteria. The decision can be made by the class and based on 
the needs of the community. 

Option 2—host an event where food is prepared and served to guests. This option would require 
that students research dishes that feature their particular plants and decide on appropriate 
and meaningful dishes to prepare. Additional ingredients will likely be needed to execute this 
step, though it could be a good lesson in nutrition, diet, culture, and meal preparation, not to 
mention a tasty and fun experience. Students will likely need support in choosing dishes that 
are simple and realistic to prepare for the event. Parents and/or local experts can inform the 
class’s selection of recipes for this event.  

Project Extension: Students can prepare a “What’s in the Box?” information sheet to include with 
the CSA box. The sheet contains a brief description of the project, a list of vegetables and herbs 
included in the box, nutritional information related to each item, and recipes. 

Secure a space and time for the showcase.

The classroom can be used for the showcase, but you may also consider venues outside of the 
school. Consider the number of anticipated guests, parents, family, and community members 
as you plan. Also consider the classroom layout and your vision for the showcase layout. 
Technological needs may be a factor if any student work will be displayed on computers, and 
refrigeration and cooking equipment may be necessary if dishes will be prepared or served. 

Students practice their presentations. 

At the showcase, students will be expected to engage the audience and discuss the findings 
of their work. To prepare, have students discuss with each other their work and what they 
learned from the project; the Reflective Questions supplied for student self-assessment may be 
helpful here. Each student will have a card with notes to remind them of what they will share. 
Trying not to use the card, students will take turns sharing their findings with a classmate. After 
each student shares, they switch to another student and practice again. The goal is to prepare 
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students to clearly present scientific claims supported by evidence and make real-world 
recommendations based on their findings. 

The Reflective Questions can be found in Section IV: Student Handouts.

Assign students roles to execute the showcase. 

A successful showcase requires teams of students to play various roles leading up to and 
during the event. Assign specific showcase-related roles to students who are prepared and 
eager to take on the additional responsibility. Those may include honors students, those who 
have completed work early, those looking for extra credit, or anyone with a particular interest 
in this type of work. Possible roles include creating a layout or floor plan, advertising for the 
showcase, creating signs and/or posters for the event, creating a schedule for the showcase, 
and welcoming guests. 

Set up the showcase space. 

Students and teacher work to arrange the space to fit the needs of the showcase. Utilizing 
the student floor plan, students can arrange the room as needed. Signs can be set out and 
advertising placed around the school earlier in the week. Question cards should be set out on 
tables and showcase participants should be given nametags.  

Students present their findings to a panel of “experts” from the community and 
address questions from the panel.

The showcase participants can act as experts using the Showcase Role Cards provided. Possible 
expert roles include farmer, restaurant owner/chef, entrepreneur, scientist, environmental 
engineer, city planner, and so on. Encourage the participants to ask questions and engage 
presenters in a fruitful discussion.

The Showcase Role Cards are found in Section V: Teaching Materials.

Use supplied rubric for student and/or teacher assessment. 

Work can be assessed in different ways to fit the needs of the teacher and the culture of the 
school or classroom. You may choose to use the Tower Garden Challenge Rubric in a number of 
ways. You can directly assess the students’ work or the students can assess their own work using 
the rubric provided. Alternatively, students may provide feedback to peers using the rubric. 

The Tower Garden Challenge Rubric can be found in Section V: Teaching Materials.
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Reflect on successes and areas for adjustment for the next time the project is 
conducted, and students self-reflect.

Both the teacher and students have the opportunity to look back on the project to reflect on 
bright spots, challenges, and areas for growth in a number of categories. 

The Reflective Questions can be found in Section IV: Student Handouts.
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Entry Event: Challenge Letter from Juice Plus+

Dear Students,

We have a challenge for you. 

In 2008, our company introduced a product called Tower Garden®, a unique vertical gardening 
system that allows anyone to access today, in their homes, what we believe will become the 
future of agriculture. 

Tower Garden is a compact, state-of-the-art, vertical aeroponic growing system that fits easily 
on patios, rooftops, and in the classroom. Instead of growing plants in traditional horizontal 
rows, the Tower Garden® system grows plants vertically. As you know, there is only so much land 
available to grow food, so growing plants vertically makes sense for the Earth’s ever-growing 
human population. And, given growing water shortages, vertical aeroponic gardening makes 
sense, because it requires much less water than traditional growing methods. Plants grown in 
Tower Garden do not even need soil!

Research into aeroponic growing is already underway. A study conducted by the University 
of Mississippi National Center for Natural Products Research, for example, showed that leafy 
vegetables, herbs, and fruits grown in a Tower Garden had on average an increase of 30 percent 
more yield compared to those grown in soil. 

We challenge you to design a research project that attempts to replicate the results of this 
study, as scientists do. If you’re willing to accept this challenge, we would like you to:

 ■ Conduct a scientifically well-designed experiment to compare growing plants in the 
Tower Garden system with traditional, horizontal, soil-based methods. (Create your own 
experiment; it doesn’t have to be exactly like theirs!)

 ■ Create a written report on the results, including an explanation of the science behind 
the growth of plants.

 ■ Make a presentation to an audience that explains your experiment, what you learned, 
and how it connects to real-world problems we face now—or might in the future.

 ■ If you had fun and learned something too, make a short classroom video and share it 
with us! You can upload it to https://hightail.com/u/MeredithMartin57122126.  

We can’t wait to hear all about our future scientists’ research using the Tower Garden!

Sincerely,

Kym Alexander
Manager, Tower Garden Projects



CC BY-NC-ND 3.0 Juice Plus+ & Buck Institute for Education | Last Revised 5/10/15 The Tower Garden Challenge   33

Tower Garden Yield Study

During the summer of 2013 the University of Mississippi studied the Tower Garden, comparing 
yield with traditional growing. The results were published in Evidence-Based Complementary 
and Alternative Medicine (http://www.hindawi.com/journals/ecam/2014/253875/).

Dr. Suman Chandra (a world authority on plant physiology) conducted this study in Oxford, 
Mississippi. They found (very conservative estimates):

 ■ Higher quality of phytonutrients, minerals, etc.
 ■ Better than growing in soil in perfect conditions 
 ■ Yield up to 30% greater across 8 different crops 
 ■ Ease of gardening 
 ■ Used approx. 10% of the space and water vs. traditional gardening methods 
 ■ Less time and less maintenance
 ■ Antioxidant equivalence

More research is planned.
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Data Collection Templates

Data Collection—Plant Height

Date Traditional Aeroponic
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Data Collection Templates

Data Collection—Water Use

Date Traditional Aeroponic
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Data Collection Templates

Data Collection—Average Leaf Length

Date Traditional Aeroponic



CC BY-NC-ND 3.0 Juice Plus+ & Buck Institute for Education | Last Revised 5/10/15 The Tower Garden Challenge   37

Data Collection Templates

Data Collection—Average Leaf Width

Date Traditional Aeroponic
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Reflective Questions

After the project, give your students the following questions and ask them to complete a 
written reflection. Consider the needs of your students as you decide how you would like them 
to reflect on their experience and how much time to allot for doing so. 

Before you begin, make sure students have compiled their work:

 ■ TGC lab journal
 ■ Data collection sheets (if not in TGC lab journal)
 ■ Graph of growth rates
 ■ Second piece of data, visually displayed (or more for some students)
 ■ Photosynthesis report
 ■ Any additional work done through project extensions

Reflection

1. What was the most significant learning experience you had during this project?

2. Which piece of work represents your strongest effort? Why?

3. Describe some specific skills you learned through this project experience. 

4. What was the most challenging aspect of this project for you? Why?

Research

1. What about your research did you find most meaningful?

2. What did you learn about the scientific process?

3. What did you learn about experimental design?

4. What did you learn about the process of data collection? 
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Reflective Questions, cont’d

5. What did you learn about making scientific claims/arguments?

6. What did you learn about the real-world implications of your work?

7. What was the most challenging aspect of your scientific research?

Community

1. What did you learn about your community through this project?

2. What did you learn about your role in your community?

3. What did you learn about yourself as a group member?

Assessment

1. Based on your own reflection, what do you recommend for your final grade? Support your 
argument with evidence!

2. If you were to undertake this project again, what might you do differently, and why? 
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Growing and Maintenance Tips

Germination
A warm, damp environment is ideal to germinate seeds. Keeping plants under a humidity dome 
for three to five days helps with germination. Alternatively, clear plastic wrap can be gently 
placed over the tops of the pots to trap the heat and moisture necessary for germination. 

Temperature
When the average nighttime temps are 55 degrees and above, it’s time to plant summer 
vegetables like tomato, pepper, cucumber, squash, basil, and most herbs. When it is 55 degrees 
and below, it time to plant cool season crops like lettuce, celery, spinach, kale, cilantro, and 
broccoli. 

pH 
When testing pH, dip out 5ml from the reservoir, and use 5 drops of test solution, and look for 
a pH range of 5.5 to 6.5.

Pest control
Keep a close eye out for aphids and white flies on plant leaves. These are common insects that 
will feed on the plants, resulting in damage to the leaves. The recommended treatment for such 
pests is to spray the leaves with an insecticidal soap (available at your local garden/hardware 
store). 

Disease
The primary disease problem to look out for is powdery mildew. This is a fungal disease that 
affects a wide range of plants and will most likely appear if lettuce is left to grow for too long. 
It appears as a white or grey powdery spots covering some or most of the leaf surface. The 
recommended treatment is a fungicide (available at your local garden/hardware store).  

Tower Tonic 5 gallon bucket idea 
In warmer months (April–September in the South), fill a five-gallon bucket and add 50 ml of 
Tower Tonic A&B (this is half the rate), and set it aside. Then, when you need to refill your Tower 
Garden reservoir, just pour from the bucket until the Tower is full. That way, you don’t have to 
recalculate the Tower Tonic based on how many gallons you think you put into the reservoir. 

Soil + fertilizer mix for potted plants (traditional growth)
Mix all-purpose fertilizer with water according to instructions on the fertilizer box/bottle. Add 
this water to the potting soil until the soil is damp. If you pick up a handful of soil and squeeze, 
some water should drip out. Use this damp soil when planting seeds for traditional growth 
plants. 
 



CC BY-NC-ND 3.0 Juice Plus+ & Buck Institute for Education | Last Revised 5/10/15 The Tower Garden Challenge   42

Grow Supply Shopping List

Prior to beginning the project you will need to obtain some or all of the following supplies:

Item Approximate Price

Tower Garden growing system, (houses up to 
20 plants and comes with vertical aeroponic 
garden, seeds, seed starter enviro-dome, 20 
rock wool seed starter cubes and net pots, 
pump, timer and drain tube, Tower Tonic 
Mineral Blend plant food (1 qt each), pH test 
kit and 1 bottle each of pH+ and pH-, and 
measuring cup)

from $525 plus shipping and applicable 
taxes

Tower Garden extension kit, (includes 
housing for 8 additional plants, including 
2 Tower sections, 8 rock wool cubes, 2 
extension rods, and 2 barrel nuts)

from $70

Tower Garden grow lights (includes four 54W 
high output T5 fluorescent lights with bulb 
life of 20,000 hours, reflectors to improve 
light efficiency, and a power strip with built-
in timer)

from $219

Shelving system for traditional growth plants approximately $50

Grow lights for traditional growth plants approximately $35 (for pack of 10)

Light fixtures for traditional growth plants approximately $50 (x2)

Pots for traditional growth plants approximately $15 (for 50)

Soil for traditional growth plants approximately $25

Fertilizer for traditional growth plants
(all-purpose fertilizer) 

approximately $6

Seed starter trays (1020) and humidity 
domes

approximately $40



CC BY-NC-ND 3.0 Juice Plus+ & Buck Institute for Education | Last Revised 5/10/15 The Tower Garden Challenge   43

Data Collection Guide

Measuring Leaves

There are many ways for students to measure leaves. One suggested method involves choosing 
the three largest leaves on the plant and measuring the distance from the base of the stem to 
the tip of each leaf. Students then calculate the average of the distances and use that number 
as their average leaf size for the day. 

Measuring Height

To measure height, students can measure the distance from the base of the plant to the tip of 
the tallest/longest leaf. If the plant is leaning, the student should gently straighten it for the 
purposes of getting an accurate measurement. 

Calculating Land Use

Looking at the back of their seed packets, students can calculate how much ground space it 
would take to grow the 24–28 plants in the Tower Garden (by using the information given for 
how much land is recommended per plant). To compare this figure to how much area the Tower 
Garden is using, students can trace the base of the tower and calculate its area by finding the 
radius and using (A = πr2). The areas can then be compared to determine how much land is 
being saved. 

Calculating Water Use

For plants in the tower, record the amount of water added at the beginning of the project and 
each time it is filled over the course of the project. At the end of the project, sum the amounts 
to determine the total amount of water used over the course of the project.

For plants in the horizontal garden, keep track of the water used on all traditional plants each 
time they are watered. Using a container of known volume (such as a one gallon milk jug or a 
two-liter bottle) to water the plants will make such calculations much easier. At the end of the 
project, take the sum to determine the amount of water used over the course of the project. 

Calculating Yield

After the plants have been harvested, weigh the produce using a balance or a kitchen scale. Use 
this weight as the total yield. If students harvest some produce earlier to eat themselves, they 
should weigh that portion at the time and add it to the total later, to get a final yield weight.  
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Example Experimental Design

Basic Plan

 ■ Grow plants in soil (traditional methods, control group) and grow plants in the Tower 
Garden (aeroponic method, experimental group).

To Determine Growth Rates and Overall Yield

 ■ Measure plants every other day and record measurements in TGC lab journal. Use data 
to determine a growth rate.

 ■ Weigh plant(s) grown with traditional methods and plant(s) grown in the Tower Garden 
and compare. This would be done at the end of the project to determine yield.

To Determine Water Use 

 ■ Keep track of the amount of water that is added to the Tower Garden over the course of 
the project.

 ■ Keep track of the amount of water that is used to water all potted plants over the course 
of the project.

To Determine Land Use

 ■ Calculate how much land (square feet or square inches) would be needed to grow all of 
the plants in the Tower Garden if they were planted in a soil plot.

 ■ Calculate the area of land occupied by the Tower Garden. Trace the base of the Tower 
Garden and calculate the number of square feet or square inches it occupies.
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Case Study: The Case of the Missing Control

The following example illustrates the need for a control in an experiment. Using this experiment 
as a starting point, students can identify the control group, experimental group, independent 
variable, dependent variable, and controlled variables in their own work. 

1. Explain that a scientist wants to do an experiment to test the effectiveness of a plant fertilizer.

2. Tell students that the scientist fills a pot with soil, plants a seed, waters the plant periodically, 
and gives it sufficient light to grow. She also applies the fertilizer as recommended (say, once 
per week). After one month, the scientist notes that the plant has grown to a height of 24 
inches and has many leaves. 

3. Draw a diagram of the plant to support the story.

4. Ask the class to decide if the fertilizer has worked. 

5. Allow time for students to share their answers. Many will say, “Yes!”

6. Draw a diagram of another plant and say that the scientist also planted this other plant at the 
same time. She used the same size pot, the same amount of soil, planted the same type of seed, 
provided the same amount of light, and used the same amount of water. However, the scientist 
did not fertilize the second plant. 

7. Draw a second (larger) plant next to the first drawing.

8. Ask the class again whether they think the fertilizer has worked. Many will now say, “No!”

9. Ask the class what caused them to change their answer.  

10. Explain that the second plant is what is known as a control. It acts as a point of comparison. 
It is impossible to really know if the fertilizer worked unless there is another plant that did not 
get fertilizer to compare it to. In this case, the plant that did not get fertilizer is the control 
plant. The plant that did get fertilizer is the experimental plant. The fertilizer is the independent 
variable. The dependent variable is the size of the plant.

11. Ask students if there are any other factors that might affect how much a plant grows. 
Students will likely say things like water, sun, and soil.

12. Explain that these elements are called the controlled variables. Explain that the controlled 
variables must be kept the same for the control plant and the experimental plant. For example, 
if the plant that got fertilizer also got more sun, the scientist still will not know if the fertilizer 
worked. Even if the plant is larger it will be difficult for the scientist to know if it was the fertilizer 
or the additional sun that caused it to be larger.  
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Showcase Role Card #1

Urban Planner

As a panelist at the showcase, you represent the viewpoint of an urban planner as you consider 
the community’s use of land. Economic, environmental, agricultural, social, and aesthetic 
perspectives should be taken into account as you consider the wide range of issues associated 
with an urban planner’s role.

Consider the following questions, and ask students:

 ■ What is aeroponic growing? How does the Tower Garden work?
 ■ Explain the work necessary to operate and maintain the Tower Garden. 
 ■ Did you find that the Tower Garden offers any advantages over traditional methods? If 

so, what were they?
 ■ How could this aeroponic growing technology be used to improve our community?
 ■ How could our community benefit from this technology?
 ■ Where in the community might it have the greatest impact?
 ■ What evidence do you have to support your claims?
 ■ What did you do to ensure your study was reliable?
 ■ How did you go about collecting data during your research?

Feel free to develop your own questions as you take on the role of an urban planner. Encourage 
the students to think creatively and use evidence from their research to support their ideas. 
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Showcase Role Card #2

Scientist

As a panelist at the showcase, you represent the viewpoint of a scientist. You are concerned 
with the methods of investigation, strong use of evidence, validity of claims, and potential uses 
of the Tower Garden for scientific purposes. 

Consider the following questions and ask students:
 

 ■ What is aeroponic growing? How does the Tower Garden work?
 ■ Explain the work necessary to operate and maintain the Tower Garden. 
 ■ Did you find that the Tower Garden offers any advantages over traditional methods? If 

so, what were they?
 ■ What was your control group in this experiment?
 ■ How did you attempt to control variables in this experiment?
 ■ What was the independent variable in this experiment?
 ■ What were the dependent variables in this experiment?
 ■ How did you go about collecting data during your research?
 ■ What evidence do you have to support your claims?
 ■ What did you do to ensure your study was reliable?
 ■ How could the scientific community benefit from this technology?

Feel free to develop your own questions as you take on the role of a scientist. Encourage the 
students to think creatively and use evidence from their research to support their ideas. 
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Showcase Role Card #3

Restaurant Owner/Chef

As a panelist at the showcase, you represent the viewpoint of a local restaurant owner or chef 
as you consider possible uses for the Tower Garden in your own work. Economic, cultural, 
aesthetic, quality, and item availability issues should be taken into account as you consider the 
wide range of issues associated with a restaurant owner/chef’s role.

Consider the following questions, and ask students:

 ■ What is aeroponic growing? How does the Tower Garden work?
 ■ Did you find that the Tower Garden offers any advantages over traditional methods? If 

so, what were they?
 ■ How could this aeroponic growing technology be used in the food industry?
 ■ How could a restaurant benefit from this technology?
 ■ Did you notice any difference in the taste of the vegetables grown in the Tower Garden 

compared to the ones grown in soil?
 ■ Explain the work necessary to operate and maintain the Tower Garden. 
 ■ What evidence do you have to support your claims?
 ■ What did you do to ensure your study was reliable?
 ■ How did you go about collecting data during your research?

Feel free to develop your own questions as you take on the role of a restaurant owner/chef. 
Encourage the students to think creatively and use evidence from their research to support 
their ideas. 
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Showcase Role Card #4

Farmer

As a panelist at the showcase, you represent the viewpoint of a farmer as you consider potential 
uses for the Tower Garden in your own work. You are concerned with growing methods, yields, 
resource use, and the potential cost savings of the Tower Garden for agricultural purposes. 

Consider the following questions, and ask students:

 ■ What is aeroponic growing? How does the Tower Garden work?
 ■ Did you find that the Tower Garden offers any advantages over traditional methods? If 

so, what were they?
 ■ How could this aeroponic growing technology be used in the farming industry?
 ■ How could my farm benefit from this technology? Why should I switch methods?
 ■ Explain the work necessary to operate and maintain the Tower Garden. 
 ■ What evidence do you have to support your claims?
 ■ What did you do to ensure your study was reliable?
 ■ How did you go about collecting data during your research?

Feel free to develop your own questions as you take on the role of a farmer. Encourage the 
students to think creatively and use evidence from their research to support their ideas. 
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Showcase Role Card #5

Environmental Engineer

As a panelist at the showcase, you represent the viewpoint of an environmental engineer 
as you consider how the Tower Garden could be used to address environmental issues in 
your community. Environmental engineers typically use engineering principles to approach 
environmental problems and challenges. You are concerned with the Tower Garden’s potential 
applications for development purposes. 

Consider the following questions, and ask students:

 ■ What is aeroponic growing? How does the Tower Garden work?
 ■ Did you find that the Tower Garden offers any advantages over traditional methods? If 

so, what were they?
 ■ How could this aeroponic growing technology be used to address environmental and 

development concerns?
 ■ How might the Tower Garden be used to address the issues that often arise when 

development intersects with the environment? 
 ■ Explain the upkeep necessary to operate and maintain the Tower Garden. 
 ■ What evidence do you have to support your claims?
 ■ What did you do to ensure your study was reliable?
 ■ How did you go about collecting data during your research?

Feel free to develop your own questions as you take on the role of an environmental engineer. 
Encourage the students to think creatively and use evidence from their research to support 
their ideas. 
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Sample Letter/Email to Experts

Dear __________________,

My name is ______________________________________ and I teach ___________________ 
at _____________________________. Later this semester my class will be conducting a 
long-term experiment to test the effectiveness of aeroponic growing methods compared to 
traditional methods. I wanted to reach out because I think your expertise would be helpful to 
the students and your involvement would add an element of authenticity to their work. 

Would you be willing to come discuss your work, share ideas about plant growth and plant care, 
and answer questions as the students prepare for their own work with plants? We would expect 
to need you for about ________ hours on _________ (date) beginning at ____ (time). Later in 
the semester we will be showcasing the students’ work at a date to be announced and would 
be honored if you could join us there if you are available. Thank you for your consideration.  

Sincerely, 
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Tower Garden Challenge Rubric

4 3 2 1
TGC lab journal The journal 

contains a table 
of contents that 
lists all of the 
sections of the 
journal.

Each section 
is thoroughly 
completed, 
containing the 
appropriate 
data, ideas, 
sketches, 
questions, or 
research. 

The journal 
contains a table 
of contents that 
lists most of the 
sections in the 
journal. 

Most sections 
are thoroughly 
completed, 
containing the 
appropriate 
data, ideas, 
sketches, 
questions, or 
research. 

The journal 
contains a table 
of contents that 
lists some of the 
sections in the 
journal. 

Some sections 
are completed, 
containing data, 
ideas, sketches, 
questions, or 
research.  

The journal 
contains a table 
of contents that 
lists few of the 
sections or is 
missing entirely.

Few of the 
sections are 
completed, 
and data, 
ideas, sketches, 
questions, and 
research are 
scarce.

Data collection All data is 
collected and 
logged in an 
organized, 
detailed manner. 

Data from 
all points of 
observation/
measurement is 
accessible and 
clear.

Data is 
consistently 
collected and 
sufficient 
to inform 
conclusions.

Data is collected 
and logged in an 
organized and 
detailed manner. 

Data from points 
of observation/
measurement 
is mostly 
accessible and 
generally clear.

Data is usually 
collected 
and close 
to sufficient 
to inform 
conclusions.

Data is collected 
and logged in 
a somewhat 
organized and 
detailed manner. 

Data from 
some points of 
observation/
measurement is 
available.

Data is partially 
collected and 
varies on the 
extent to which 
it can inform 
conclusions.

Data is collected 
and logged with 
little attention 
to detail or 
organization. 

Data from points 
of observation/
measurement is 
scarce.

Data is not 
collected or 
is insufficient 
to inform 
conclusions.
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Visual 
representation 
of data

Graph of growth 
rates contains 
all data points 
collected and is 
well labeled with 
a title, legend, 
and labeled axes.

Second 
representation is 
accurate, clearly 
communicates 
another aspect 
of the research, 
and is well 
labeled. 

 Graph of growth 
rates contains 
most data points 
collected and is 
well labeled.

Second 
representation 
is accurate, 
communicates 
another aspect 
of the research, 
and is well 
labeled. 

Graph of growth 
rates contains 
some data 
points and has 
some labeling.

Second 
representation 
is somewhat 
accurate, 
communicates 
another aspect 
of the research, 
and includes 
some labels. 

Graph of growth 
rates contains 
little data, is 
missing labeled 
components, 
or is missing 
entirely. 

Second 
representation 
is unclear in its 
communication 
of data, missing 
labeling, or is 
missing entirely. 

Scientific 
argumentation

Scientific 
claim(s) are 
clearly stated 
and in the 
Conclusion 
section of the 
TGC lab journal.

Student 
references 
specific, 
appropriate data 
(individual and/
or class-wide) 
to support the 
claim(s) being 
made.

Scientific 
claim(s) are 
stated in the 
Conclusion 
section of the 
TGC lab journal.

Student 
references 
appropriate data 
(individual and/
or class-wide) 
to support the 
claim(s) being 
made. 

Scientific 
claim(s) are 
stated in an 
unclear manner.

Student 
references data 
that does not 
directly support 
the claim(s) 
being made. 

Scientific claims 
are incomplete 
or missing from 
the Conclusion 
section of the 
TGC lab journal. 

Student does 
not reference 
data to support 
the claim(s) 
being made. 
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Photosynthesis
report 

Report 
articulates 
a clear 
understanding 
of the process of 
photosynthesis.

Reactants and 
products are 
described and 
clearly linked to 
macro concepts 
such as food and 
air quality. 

Report 
articulates an 
understanding 
of the process of 
photosynthesis.

Reactants and 
products are 
described and 
somewhat 
linked to macro 
concepts.  

Report describes 
the process of 
photosynthesis.

Reactants and 
products are 
described but 
not linked to 
macro concepts.  

Report details 
limited 
information 
about the 
process of 
photosynthesis.

Reactants and 
products are 
not clearly 
described. 

Real-world 
application of 
results 

Student 
describes 
thoughtful, 
creative, and 
practical uses 
for the Tower 
Garden in the 
local or global  
community.   

Student clearly 
addresses 
questions 
from panel 
members at the 
showcase and 
supports ideas 
with relevant 
data from the 
research. 

Student 
describes 
somewhat 
thoughtful, 
creative, and 
practical uses 
for the Tower 
Garden in the 
local or global 
community. 

Student 
addresses 
most questions 
from the panel 
members at 
the showcase 
and supports 
most ideas with 
relevant data. 

Student 
describes 
some uses 
for the Tower 
Garden in the 
local or global 
community.

Student 
addresses 
some questions 
from the panel 
members at the 
showcase and 
references some 
data. 

Student displays 
little thought 
regarding uses 
for the Tower 
Garden in the 
local or global 
community.

Student 
addresses 
some questions 
from the panel 
members at the 
showcase.

  



CC BY-NC-ND 3.0 Juice Plus+ & Buck Institute for Education | Last Revised 5/10/15 The Tower Garden Challenge   55



CC BY-NC-ND 3.0 Juice Plus+ & Buck Institute for Education | Last Revised 5/10/15 The Tower Garden Challenge   56


