GROW IT GREEN

Science Project | Grades 6-8 | 15-20 hours

PROJECT OVERVIEW

WHAT MAKES THIS PROJECT GOLD-STANDARD PBL?

FINAL PRODUCT

A photo essay that takes a position on sustainable
gardening practices generally, and hydroponics specifically. Sharing the photo essay with the Farm-Based
Education Network >> at Shelburne Farms >> is one
possible authentic audience option.

AREA OF STUDY

Earth and Space Science

TIMEFRAME
15-20 hours

AGE GROUP
Grades 6-8

KEY STANDARDS ASSESSED

NGSS.MS-ESS3-3 >> Monitoring & Minimizing Impact
NGSS.MS-ETS1-2 >> Evaluate Competing Designs
CCSS.SL.6.4 >> Presentation of Knowledge and Ideas
CCSS.WHST.6-8.7 >> Research to Build and
Present Knowledge
See APPENDIX 1 >> for the full list of
standards.

RUBRICS

Project Rubric >>
BIE Presentation Rubric >>

PLANNING TOOLS AND TEMPLATES

DRIVING QUESTION

How can we reduce our impact
on the food-growing systems
available in our community?

PROJECT DESCRIPTION

WHY ULTIMATE DESIGN CHALLENGE?
The world has limited resources and an ever-growing population. Meeting
people’s nutritional needs in a sustainable way requires innovative thinking.
In this project, students work toward two key science standards: monitoring
and minimizing human impact, and evaluating competing designs. They
experiment with and test two approaches to growing vegetables, grounding
their experiment in research on sustainable gardening practices. Ultimately,
students will translate their research into a photo essay.

Project Design Companion >>
Student Planning Sheet >>
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CHALLENGING PROBLEM OR QUESTION
Food and water are two essential resources for life. In this
project, students dig into the key standards of engineering
design and human impact on resources to explore
sustainable farming practices.
PUBLIC PRODUCT
Presenting the photo essay to a local community garden or
the Farm-Based Education Network >> at Shelburne Farms
>> with the goal of persuading small-scale food producers
to consider incorporating hydroponics into their practices.
KEY KNOWLEDGE, UNDERSTANDING, AND SUCCESS SKILLS
The key standards explored in this project ask students to
evaluate how well competing design solutions solve a
problem and to design a method of monitoring and
minimizing human impact on the environment. Students
employ research skills as they learn to follow a systematic
process of collecting and analyzing data.

AUTHENTICITY
Scientific experimentation is a highly desirable and
transferable skill. Students determine criteria and conduct
research on a problem in the same way scientists in
the field do on a larger scale. Finally, the skill of taking
technical knowledge and translating it in an engaging
way for a general audience is an integral part of many
professional tasks.

SUSTAINED INQUIRY
Students begin their inquiry by visiting local gardening
experts and generating questions about small-scale food
production and the concept of hydroponics. Research on
how human agriculture practices and water use impact the
Earth’s finite resources leads into experimental design to
explore the specific viability of hydroponics.

STUDENT VOICE AND CHOICE
Student questions will shape their experimental design, as
well as the focus, purpose, and format of their final project
(a photo essay).

CRITIQUE & REVISION
There are three specific “moments” in the project when
critique and revision are essential: during the experimental
design process, after the lab is drafted (the audience will
critique the findings), and after the photo essay is drafted
(a photo essayist will critique it).

REFLECTION
Reflection is essential after students receive a critique on
their experimental designs, before they begin the lab report
revision process, and after the photo essayist critiques
their photo essay. Students will reflect on the key content,
the accuracy of their experiment and its findings, the
persuasiveness of their photo essay, their contributions to
the group, and their group’s effectiveness as a team.
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EXPLORING HUNGER. WHY CAN’T WE FEED THE PEOPLE?
A CASE STUDY: WHY CAN’T WE JUST GROW MORE FOOD?
Growing more food seems like a simple solution to one of the world’s largest problems. So why can’t
we just do it? The first two resources below explore a few issues that arise from global crop production.
The third highlights a community that’s dedicated to developing new methods of growing and distributing
food while respecting and replacing Earth’s finite resources. As Mother Teresa said, “If you can’t feed 100
people, then feed just one.” Perhaps part of the solution starts on the small scale.

EXPLORING WATER FILTRATION
IF 70 PERCENT OF THE PLANET IS MADE OF WATER, WHY DO WE NEED TO CONSERVE IT
DURING FARMING?
Even though water is everywhere, most of it is unusable by humans and is inaccessible in many parts of the
world. In fact, 90 percent of usable water is used in some aspect of food production, making it an increasingly
finite and unavailable resource. Jump into these resources to explore the relationship between water
sustainability and food production. Hydroponics, one aspect of aquaponics, is an innovation that takes a step
in the direction of conservation and sustainable farming.

click to explore:

click to explore:

RESOURCE #1

RESOURCE #2

RESOURCE #3

RESOURCE #1

RESOURCE #2

RESOURCE #3

Feed the World
>>

Food by the Numbers: Feeding
our Hungry Planet
>>

Detroit’s Urban Farming
Revolution
>>

NASA: Show Me the Water
>>

Hydroponic & Vertical Farming
>>

Angela Morelli: The Global Water
Footprint of Humanity
>>
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THE PROJECT PATH AND KEY MILESTONES
The Project Path illustrates the
learning process in a projectbased, competency-based
setting.
Project Milestones help clarify
the path from Launch to Present,
as learners move through an
iterative process of building
new knowledge and skills, and
applying their new knowledge
and skills to develop, critique,
and refine their products in
collaboration with peers.

BUILD KNOWLEDGE
2

LAUNCH
1

Student explores the
project and develops a set
of need to know questions
(NTKs).

The Project Path and the Project
Milestones provide a concrete
but flexible structure for project
design and implementation.

PRESENT

3

6

Student learns about
sustainability, traditional
and alternative gardening
techniques for small-scale
food production, and the
significance of water.

Student teams design and
execute an experiment
to compare farming
techniques.
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Notice the color coding? We’ve
organized this Project Guide by
the color-coded Milestones of
the Project Path from here on
out.

DEVELOP AND
CRITIQUE
6

Student teams
communicate
findings in a
lab report.

5

Student teams design
and revise a photo
essay.
NOTE: This process begins
while students are working on
milestones 2-4.
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Student teams share
their findings with
a local gardening
community.

PROJECT MILESTONES AND STEPPING STONES
MILESTONE #1: Student explores the project and develops a set of need to know questions (NTKs) regarding sustainable food production and the overuse of water in traditional farming practices.

MILESTONE #2: Student learns about sustainability, traditional
and alternative gardening techniques for small-scale food
production, and the significance of water.

ENTRY EVENT

PREVIEW THE PROJECT

EXPLORE THE DRIVING QUESTION

CONNECT FOOD PRODUCTION & WATER USE

RESEARCH GARDENING METHODS

Student visits a community
garden to ask questions
about growing methods
and food production.

Student is introduced to the
expectations for the final
product and develops a set
of need to know questions
(NTKs).

Student explores the question:
“How can we reduce our
impact on the food-growing
systems available in our
community?”

Student uses NTKs to
connect food production
and the human water
footprint both locally and
globally.

Student uses NTKs to inquire
into both traditional and
alternative small-scale
gardening techniques.

MILESTONE #3: Student teams design and execute an
experiment to compare gardening techniques.

MILESTONE #4: Student teams communicate findings in a
lab report.

EXPERIMENTAL DESIGN

COLLECT & ANALYZE DATA

DRAFT LAB REPORT

COMMUNICATE FINDINGS

DRAFT THE PHOTO ESSAY

Student teams develop and
carry out experimental
designs on sustainable
farming practices.

Student teams organize
and analyze their data to
identify patterns and
trends.

Student drafts a lab report
and revises after peer and
teacher feedback.

Student teams listen and
respond to design engineers’
or mathematicians’ critiques
of geometric models.

Student learns about photo
essays and then outlines and
draft their own.

MILESTONE #5: Continued

MILESTONE #5: Student
teams design and revise a
photo essay.

MILESTONE #6: Student teams share their findings with a local gardening group.

SOLICIT CONSTRUCTIVE CRITIQUE

REVISE

PRACTICE & PREPARE

PRESENT

REFLECT

Student teams solicit
feedback from a photo essay.

Student teams finalize the
photo essay.

Student teams make final
preparations for sharing
their prototype.

Student teams make final
preparations for sharing their

Students and the teacher
reflect on their original NTKs.
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CUSTOMIZING THE PRODUCT OR PERFORMANCE
LAUNCH

Begin with the end in mind! It’s time to tee up a few significant decisions you’ll need to make
about the final project. As you make decisions, reflect on what you believe will work best with
your students and your community, as well as time constraints, budgets, and your own skills
and comfort level.
PRESENT

WHAT TO DO:

BUILD
KNOWLEDGE

SYNTHESIZE

INQUIRY

1. Review the three decision points below.
2. After weighing your options, make your decision and document them in your
Project Design Companion >>.

DECISION POINTS:

Low complexity

medium complexity

DEVELOP AND
CRITIQUE

high complexity

What will the product and/
or performance include?

A lab report of findings
comparing conventional and
hydroponic farming/growing
methods.

A school poster and product
display of student learning.

A photo essay written for an
audience of gardeners and
farmers.

Who will the audience be,
and how will you ensure
an audience?

A panel of students and/or
school faculty and staff.

A school gallery in a common
area, where students serve
as “docents” as they speak
to invited guests.

An in-person or online
presentation to a local
community garden and the
Farm-Based Education
Network of Shelburne Farms.

How much decisionmaking power will students
have regarding the topic,
audience, and final product?

Teachers assign the same
topic to all groups.

Student teams choose
from a few predetermined
topics to explore. They also
select the audience for
their work.

Students choose the
purpose and focus of their
photo essay, in addition to
identifying the audience for
their work.
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MILESTONE #1: LAUNCHING INQUIRY

The project’s entry event—a visit
to a community garden or farm—
connects students with actual
stakeholders at a local level.
Students can then see farming
in action and begin exploring the
driving question in an authentic
context.

PRESENT

BUILD KNOWLEDGE

The Launching Inquiry milestone
is the “entryway” to Grow It Green.
Students begin their exploration
of the driving question, “How can
we reduce our impact on the
food-growing systems available in
our community?”

LAUNCH
1

Student explores the
project and develops a set
of need to know questions
(NTKs).

As you design one or two lessons
for this milestone, consider
the two main purposes of the
launch: providing students with an
authentic reason for undertaking
this project and helping students
develop questions they’re truly
interested in exploring.

RECOMMENDED RESOURCES6

STEPPING STONES Student learns about

2

sustainability, traditional
and alternative gardening
ENTRY EVENT
techniques for small-scale
Student visits a community
to ask and
questions
foodgarden
production,
the about
growing methods and food
production.
significance
of water.

TEXTS AND DATA
•

AUDIO AND VISUALS

PREVIEW THE PRODUCT
Student is introduced to the expectations for the final
Student teams design and
product.
execute an experiment
to compare
farming
EXPLORE THE DRIVING
QUESTION
techniques.
Student explores the question: “How can we reduce our
impact on the food-growing systems available in our
community?”

•

3

Student develops a set of need to know questions (NTKs)
that will drive their inquiry during the project.
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Agriculture and Food Security >>

TOOLS AND FORMS
•

4

DEVELOP AND
CRITIQUE

Note: The Recommended
Resources will be helpful as you
design lessons for this milestone!

About Community Gardens >>

Know/Want-to-Know Chart >>

• Inquiry
Chart >>
Student
teams
communicate
• Student Planning Sheet >>
findings in a
lab report.

5

Student teams design
and revise a photo
essay.
NOTE: This process begins
while students are working on
milestones 2-4.

13

Student teams share
their findings with
a local gardening
community.

Structure of a
Launch...
1)

2)

3)

As you design your lauch, consider this three-part structure to help guide your efforts: Entry Event, Project
Preview, and Driving Question Exploration. The launch may be only one lesson, but these three key segments
each involve careful decision-making, planning, and materials development. Let’s take a closer look.

DESIRED OUTCOMES

ENTRY EVENT

•

Field trip to a community farm

Students participate in
an engaging shared
experience that
generates excitement
about the Growing It
Green project.

•

Guest farmers/local Cooperative
Extension System agriculturists

PROJECT, LINKED.

•

MATCH, LIT.

Captivating experiences
create buzz, provide context,
access prior knowledge,
and tap student interests,
curiosities, and values.

PREVIEW THE
PROJECT

MIGHT LOOK LIKE...

The connection between
the provocation or entry
event and the final project
is totally clear; basic
project expectations are
communicated upfront.

Students are introduced to
the expectations for the final
product.

EXPLORE THE
DRIVING QUESTION

INQUIRY, LAUNCHED.
Opportunities to generate
their own need to know
questions pique learners’
innate curiosity as they
begin to connect with the
driving question.

Students access and assess
prior knowledge, and ask
their own questions. Students
use their questions to frame
inquiry into issues central to
the project.
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Students review the project
description guidelines,, the
Student Planning Sheet >>, and
Rubric >> asking questions as
they go.

•

Students generate and classify
their need to know questions using
Costa’s Questions >>.

•

Students activate their prior
knowledge by creating word webs for
a few of the key terms

N
T
K

EXAMPLES OF INITIAL STUDENT “NEED TO KNOWS”
The Need-to-Know process is essential to the project. It helps students activate their prior
knowledge and identify their own questions for exploration. To support your planning, we’ve
provided a list of example questions that students might ask about water access and water
filtration design.
To support your planning, these
questions are examples of what
students may ask for this project.

QUESTIONS ON COMMUNITY GARDENING
•
•

Why would someone choose to grow their own food?
Why are certain foods most commonly found in local community
gardens? Which ones are found in our local community?
How could we grow a garden in the classroom?

•

QUESTIONS ON SUSTAINABLE GARDENING
•
•
•

What does it mean to use “sustainable food production practices”?
How are sustainable gardening methods different from traditional
methods?
What would it take for gardeners and farmers to want to minimize
their impact on the Earth’s natural resources?
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The idea of sustainability can be
overwhelming when it comes to
resources. Grouping questions into
categories and then deciding which
are relevant will keep the project
focused.
Consider including student choice
in the ultimate target audience,
as they may have a personal
connection with a particular group.

SAMPLE LAUNCH: STUDENT VIEW

MILESTONE #1: LAUNCHING INQUIRY

LESSON LAUNCH

INVESTIGATE (CONT’D)
[THE ENTRY EVENT]
You may or may not know how to plant a garden, but you certainly eat
food and use water. Have you ever thought of how these two are related?
Unfortunately, farming uses vast quantities of fresh water, which is in
increasingly short supply. To launch this project, we will visit a community
garden to learn how local vegetables are grown. You’ll get to see exactly
how water and other resources are essential to food production.
Before the trip, we will explore several resources related to how modern
farming techniques strain the Earth’s resources.

This entry event provides a firsthand experience with farming or
gardening professionals.
Field trips are great for exposure
but aren’t always feasible
Community members can also
come to the classroom: farmers,
Cooperative Extension System
workers, local garden supply store
employees, etc. You may also try
contacting Shelburne Farms >> in
Vermont, a leader in farm-to-school
education and part of the FarmBased Education Network (FBEN) >>.
In addition to the farm visit, plan
a way for students to explore
resources such as those presented
in the beginning of this guide.

INVESTIGATE
[PREVIEW PROJECT EXPECTATIONS]
We will design and carry out an experiment that helps us learn
more about how to make farming practices more sustainable:
growing vegetables in our classroom using both traditional
and hydroponic methods. Our findings on sustainability will
be presented in a photo essay presented to local gardeners.
Thinking about human impact on the Earth is an essential
part of modern science study. As we explore the expectations
and the Student Planning Sheet >>, try using the Inner Voice
Conversations >> activity to help you make meaning of your
thoughts.
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Consider creating a document
that provides students with a
clear picture of the project’s
expectations.

[EXPLORE THE DRIVING QUESTION]
In this project, you will explore the question, “How can we reduce our
impact on the food-growing systems available in our community?”

[INITIATE THE NEED-TO-KNOW PROCESS]
Drawing from the discussions you’ve just had, let’s organize our shared
knowledge. What do you already know about gardening and how water and
food are connected? What do we need to know or learn in order to be able
to design an experiment comparing traditional gardening and hydroponics
in the classroom? KWL/KWHLAQ >> charts can help you organize your
research.

Students will come up with
several ideas and questions as
they explore the driving question.
Not all of them will become
part of the NTKs but could be
included in the beginning to
teach them to find themes and
categorize them into subgroups.
Then students can prioritize their
categories against the driving
question.
Even though the entry event
happens as a group, you may
want to create moments for
students to work individually
so they can connect more
personally to the project.
Take pictures! Even though
they may not be used in the
photo essay, they may be
used to remind students of
the experience as the project
progresses.

SYNTHESIZE AND REFLECT
[CLOSING THE LAUNCH]
As an individual, synthesize your learning with a Save the Last Word >>
activity. Then share your important statements in a small group for
discussion. Your reflection should focus on connecting your prior knowledge
to the new content you learned in the entry event. Using a 3-2-1 Bridge >>
will help you bring everything together and focus your upcoming research.
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MILESTONE #2: GARDENING PRACTICES AND SUSTAINABILITY
The goal of this milestone is to
build students’ knowledge-base
on the impact of gardening
and farming practices on two
key resources: water and land.
The first stepping stone helps
students conduct research to
deepen their understanding of
how the world’s water supply
is connected to the food we
produce and eat. This then
takes students into a study of
gardening practices.

BUILD KNOWLEDGE
2

LAUNCH

Students explore the
project
a set it will be
Asand
you develop
plan lessons,
of need
to know
questions
helpful
to keep
tightly focused
(NTKs).
on the need to help students

identify the important ideas
>> in the resources they are
exploring. Try experimenting
with a few making-meaning
activities >> in your lesson
designs!

STEPPING STONES

3

Student teams share
Student uses need to know questions (NTKs) to connect
their findings with
food production and the human water footprint both
locallygardening
a local
and globally.
community.

6

Student learns about
sustainability, traditional
and alternative gardening
techniques for small-scale
food production, and the
significance of water.

RESEARCH GARDENING PRACTICES
Student uses NTKs to inquire into both traditional and
alternative small-scale gardening techniques.
LAY THE GROUNDWORK FOR THE PHOTO ESSAY

Student teams design and
execute an experiment
to compare farming
techniques.

4

Note: The Recommended
Resources will be helpful as
you design lessons for this
milestone!
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PRESENT

CONNECT FOOD PRODUCTION AND WATER USE

DEVELOP AND
CRITIQUE

Students identify a few key ideas that shape their views
on sustainability. They choose quotes and take notes with
citations. (These will become part of the framing for the
photo essay.) They’ll use this in milestone 5 when they
develop the photo essay.
Student teams
communicate
findings in a
lab report.

5

Student teams design
and revise a photo
essay.
NOTE: This process begins

RECOMMENDED RESOURCES
TEXTS AND DATA
•

Vegetable Gardening >>

•

Indoor Gardening for Kids >>

•

Hydroponics for Kids >>

AUDIO AND VISUALS
•

The Global Water Footprint of Humanity-TED Talk >>

•

The Future of Farming: Hydroponic Tomatoes >>

•

Water and Farming Infographic >>

TOOLS AND FORMS
•

Making Connections Strategies >>

•

Determining Importance Strategies >>

19

STEPPING STONES TO MILESTONE #2: GARDENING PRACTICES AND SUSTAINABILITY

1. CONNECT FOOD
PRODUCTION & WATER USE
As you design lessons,
identify activities that help
students make connections
>> between the concepts
and across the resources. In
particular, activities that focus
on determining importance >>
will help students focus on vital
information.
The Jigsaw >> activity gives
students the opportunity to
study one to three texts deeply
and then learn about several
others from their peers.

FEEDBACK AND
SUPPORT
Students who are struggling
may need additional
assistance organizing new
information and vocabulary >>.

1. CONNECT FOOD PRODUCTION AND WATER USE
DEVELOP A GROUPING
STRATEGY >> FOR
STUDENTS

Standards

Think about whether hetero- or
homogeneous groups would be
best for this project. Consider
student choice vs. teacher
choice, and consider random
options vs. strategic options.

FORMATIVE ASSESSMENT
IDEAS

NGSS.MS.ESS3-3 >>, CCSS.ELA.LITERACY.WHST.6-8.7 >>,
CCSS.ELA-LITERACY.SL.6-8.1 >>

NGSS.MS.ESS3-3 >>, NGSS.MS-ETS1-2 >>,
CCSS.ELA.LIT.WHST.6-8.7 >>, CCSS.ELA-LIT.SL.6-8.1 >>

Students will be
able to...

Make meaningful connections between food production efforts
and the human water footprint both locally and globally.

Differentiate between traditional and alternative small-scale
gardening techniques. Discuss the science of hydroponics.

Ideas for
Activities

• Connect Two >>
• Newspaper Connection >> in small groups then Jigsaw >>

• Compare and Contrast Strategies >>
• SQ3R >>
• Generative Summarizing >>

Reflection and
Synthesis Prompts

As you create lessons, vary
the assessments. You can use
the questions we provided
in different ways, including in
conferences with students.
These conference resources
>> can get you started.

• Think about your own daily water usage. How do you think you
•

The recommended resources
on the previous page can be
helpful!!
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2. RESEARCH GARDENING PRACTICES

play a role in sustainability? What changes could you make on
a personal level?
What personal connections are you making with your research?

Formative
Assessment
Ideas

• If you were to briefly explain to a friend about how the water

Suggestions for
Feedback and
Support

• If students are struggling to see the connections between

•

crisis and agriculture are related, what would you say?
When you revisit your NTKs, what do you think you need to
add or alter, and why?
new ideas and concepts, try these activities: Connection
Graphic Organizer >> and Mind Mapping >>.

•
•

What alterations and challenges do you anticipate when
scaling these gardening practices into the classroom?
What two ideas are now shaping your thinking about
humans’ impact on water and land use?

•

Drawing Conclusions Thinking Guide >>

2. RESEARCH GARDENING
PRACTICES
As you design lessons, keep
thinking about ways to keep
the content learning focused on
what’s essential: which resources
are essential for everyone to
learn, and which are student
choice, optional, or small group?
Less is definitely more with
concept learning >>.
Central to this stepping stone
is helping students learn to
compare and contrast >>. There
are several activities that can
be useful here, think about
beginning with one, and have one
or two others on hand if students
struggle.

• If students are struggling to determine which information

to focus on, these two activities can help: Heading Guiding
Questions >> and Concept Definition Sort >>.
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For example, hydroponics,
aquaponics, and aquaculture
often occur together but mean
different things. Think about how
can you design lessons that
will help students gain a deep
understanding of each one.

REFLECTION & SYNTHESIS
This milestone is all about
building students’ knowledge
base. As this milestone
closes, focus on developing a
reflection that asks students to
think about the “bigger picture”
and helps them connect their
learning to the driving question.

LAY THE GROUNDWORK
FOR THE PHOTO ESSAY
Whichever summarizing and
comparing activities you
choose, it will be essential
for students to reference this
milestone their comparisons
when they begin to create a
photo essay synthesizing their
learning (in milestone 5). It’s
worth taking the time to make
sure students draw strong
conclusions!

MILESTONE #3: PLAN, CONDUCT, AND ANALYZE AN EXPERIMENT
The stepping stones in
this milestone focus on
the scientific process. In
Experimental Design, students
use their observations to form
hypotheses, collaboratively plan
a procedure, and then carry out
the experiment to collect data.

BUILD KNOWLEDGE
2

In Collect and Analyze Data,
LAUNCH
students organize their findings
graphically to determine the
validity of their hypotheses.
Students
explore
Lessons
herethe
should include
project
and
a set
how
to develop
represent
data and how
of need
to know
questions
to find
trends
and patterns.
(NTKs).

The recommended resources
for this milestone connect
students to scientific educators
who introduce and/or review the
scientific process.

STEPPING STONES

3

TEXTS AND DATA
Student teams share
• Handling All That Data >>
Students develop and carry out experimental designs
theironfindings with
sustainable farming practices.
a local gardening
• Introduction to Experimental Design >>
community.
COLLECT AND ANALYZE DATA
AUDIO AND VISUALS
EXPERIMENTAL DESIGN

6

Student learns about
sustainability, traditional
and alternative gardening
techniques for small-scale
food production, and the
significance of water.

•

Bozeman Science: Planning and Carrying out
Investigations >>

LAY THE GROUNDWORK FOR THE PHOTO ESSAY

•

Khan Academy: Ways to Represent Data >>

Students take photos as the experiment is designed and
carried out. These can be curated for the final project.

4
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Students organize and analyze their data to identify patterns
and trends.

Students identify a few key findings on reducing human
impact that can inform the photo essay.

Student teams design and
execute an experiment
to compare farming
techniques.

Don’t forget to take photos!

PRESENT

RECOMMENDED RESOURCES

DEVELOP AND
CRITIQUE

Student teams
communicate
findings in a
lab report.

5

Student teams design
and revise a photo
essay.
NOTE: This process begins

TOOLS AND FORMS
•

Reflecting on Learning >>

•

Sentence stems for writing text-based responses >>

•

Academic Conference Stems >>
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STEPPING STONES TO MILESTONE #3: PLAN, CONDUCT, AND ANALYZE

1. EXPERIMENTAL DESIGN
You may need to create
several lessons for this
stepping stone, depending
on how familiar students
are with the experimental
design process (many will
have undertaken labs, but few
are likely to have designed
their own experiments >>).
There are many steps in this
process >>: state a testable
hypothesis; write out the
detailed procedures; determine
independent and dependent
variables; describe the control
and the experimental groups;
define the constant factors;
and finally, undertake the
experiment.
Reminder: As you plan, don’t
forget about the recommended
resources on the previous
page.

1. EXPERIMENTAL DESIGN
4 QUESTIONS FOR LAB
DESIGN >>

Standards

NGSS.MS-ESS3-3 >>, CCSS.ELA-LIT.RST.6-8.3 >>,
CCSS.ELA.LITERACY.WHST.6-8.7 >>,
CCSS.ELA-LITERACY.SL.6-8.1 >>

NGSS MS-ETS1-3 >>, NGSS.MS-ESS3-3 >>,
CCSS.ELA-LIT.SL.6-8.1A-D >>

Students will be
able to...

Develop and carry out experimental designs to compare and
contrast traditional and hydroponic gardening practices.

Organize and analyze their data to identify patterns and
trends
to communicate to an audience.

Ideas for
Activities

• Choose a topic for scientific inquiry >>
• Hypothesis Development >>
• Experimental Design >>

• Analyze Data >>
• Find and Organize Relevant Facts, Details, and
Explanations >>

Reflection
and Synthesis
Prompts

•

•

•

What part of the process did you find challenging? What could
you do next time to make it easier?
What tips would you give other students about designing a
valid experiment?

Formative
Assessment
Ideas

•
•

Lab notebook entries with photos
Lab Design

•
•

Completed data table
What are your first analyses of the data revealing?

Suggestions for
Feedback and
Support

•

For students who aren’t sure what a lab report includes,
check out Explore Lab Reports >> for ideas about how to
help them understand this type of writing.

•

If students are struggling to analyze their results, try the
Drawing Conclusions Thinking Guide >>.

These four questions can help
students plan their experiments:
1. What materials are
available?
2. What action am I observing
and changing?
3. What are all the ways I can
change the materials that
will change the action?
4. How can I measure what’s
happening?

LOGISTICS
Running an experiment includes
many details that need to be
prearranged. What types of
food will the students grow?
(Fast-growing herbs save time!)
Which hydroponics system is
best for students? Check out
the simple “hydroponics in a
bottle” >> resource, or look into
more complex systems.
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2. COLLECT AND ANALYZE DATA

How will you handle variations in the data between your
experiment and other groups’ experiments?

2. COLLECT & ANALYZE DATA

FEEDBACK AND SUPPORT

Graphic representation and
analysis are the focal points of
this stepping stone. Lessons
should first center on the
design of various types of data
tables, charts, graphs, etc.
Then work on helping students
determine what the data is
revealing. Because students
have been working in small
groups, a Gallery Walk >>
can help them compare data
across experiments.

All students will benefit from
conferences >> during this
process. Some may need
additional support in analyzing
the data. The Drawing
Conclusions Thinking Guide
>> provides one strategy for
additional support.

Plan for the possibility that the
data between groups doesn’t
match. And think about ways to
help students accept this fact
rather than having them feel
that they need to “doctor” the
data so it matches.
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LAY THE GROUNDWORK
FOR THE PHOTO ESSAY
As students analyze their
data, take the time to make
sure they’re able to draw a
couple of conclusions about
the impact of different farming
practices on the environment.
Remind students to Take/
Choose Photos >> along the
way for inclusion in the photo
essay!

MILESTONE
#4: DEVELOP, CRITIQUE, AND REPORT ON A LAB
BUILD KNOWLEDGE
6

This milestone asks students to
Student learns about
synthesize their research
and
sustainability,
traditional
the results from their and
experiment
alternative gardening
and share it in the form
of a
techniques
for small-scale
lab report. The lab report
will
food production, and the
then inform the framing
and
significance
of water.
development of the photo essay
in the next milestone. As you plan
lessons, think about how to help
Student
teams
design
students learn
to write
using
a and
execute
an experiment
high level of
specificity.
For most
to compare farming
middle school students, technical,
techniques.
informative writing is challenging,
partly because it is so
impersonal and partly because of
the required precision.

2

Note: The recommended
resources will be helpful as you
design lessons for this milestone.

Student teams share
their findings with
a local gardening
community.
STEPPING STONES

RECOMMENDED RESOURCES
TEXTS AND DATA

DRAFT LAB REPORT
Student teams draft a lab report and revise after peer and
teacher feedback.
COMMUNICATE FINDINGS

3

One way to help students engage
is to ask actual scientists to
provide feedback on the lab
report. This will make students
aware of the authenticity of their
work..

PRESENT

DEVELOP AND
CRITIQUE
26

Student teams design
and revise a photo
essay.
NOTE: This process begins
while students are working on
milestones 2-4.
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•

Draft the Lab Report >>

TOOLS AND FORMS
• Cite Sources >>
• Give and Receive Feedback >>
• Revise >>
• Project Rubric >>

Student teams
communicate
findings in a
lab report.

5

The Whys and Hows of Writing a Lab
Report >>

AUDIO AND VISUALS
• CER - Claim, Evidence, Reasoning >>

Student teams share findings in a lab report and receive
critical feedback from scientists.

4

•
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STEPPING STONES TO MILESTONE #4: DEVELOP AND CRITIQUE
1. DRAFT LAB REPORT
1. DRAFT LAB REPORT

LEARN FROM THE EXPERTS

As you plan lessons, refer to
the recommended resources,
which will give you ideas
about how to help students
organize their thoughts into
technical writing and consider
the content, audience, and
goals of the communication.
If students aren’t familiar with
how to accurately cite sources
>>, consider developing one or
two lessons on this.

Although consulting with field
scientists may not be feasible,
there are many resources that
focus on standard scientific
practices and vocabulary. Use
terms like “claim” (hypothesis),
“evidence” (data), and later
“reasoning” (communication),
because the scientific
community uses these terms.
Several of the recommended
resources can help you
bring this element into the
classroom.

Though feedback is the focus
of the next stepping stone, it
may be helpful to consider it
an iterative process that starts
here.

Standards

These feedback resources
>> may be helpful as you
prepare scientists or others to
give constructive feedback to
students.
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2. COMMUNICATE FINDINGS

NGSS MS-ETS1-2 >>, CCSS.ELA-LIT.W.6-8.2A-F >>,
ELA.LIT.WHST.6-8.4 >>, ELA-LIT.SL.6-8.1A-D >>

NGSS MS-ETS1-2 >>, CCSS.ELA-LIT.W.6-8.2A-F >>,
CCSS.ELA.LIT.WHST.6-8.4 >>, CCSS.ELA-LIT.SL.6-8.1A-D >>

Students will be
able to...

Prepare a lab report draft and revise after peer and teacher
feedback.

Share small-group and whole-class findings with scientists
and receive critical feedback for revision.

Ideas for
Activities

• Draft Lab Report >>
• Cite Sources >>

• Edit and Revise Draft >>

Reflection
and Synthesis
Prompts

•

•

•

How does writing a lab report compare with other styles of
writing you have experienced?
Why does lab report writing place such an emphasis on technical language?

Formative
Assessment
Ideas

•
•

Suggestions for
Feedback and
Support

• PLANS is a goal-setting tool for writing. RAFT provides a way

Draft Lab Report
Use the Project Rubric >> to self-assess

for students to think about audience and purpose. Both may
help students who are struggling figure out how to jump into
the drafting process.

2. COMMUNICATE FINDINGS

How will the feedback you received help you to improve
your lab report?
What was your biggest learning from the lab report writing
process?

Lessons in this stepping
stone should emphasize the
writing process >>. Students
may be unfamiliar with this
approach to writing, particularly
in science class, so as you
plan, think about ways to help
them understand the value of
iterative drafting to improve
their final lab report. The
Whys and Hows of Writing a
Lab Report >> may give you
some ideas about the kind of
support students will benefit
from.

•
•

Revised Lab Report
Use the Project Rubric >> to self-assess

The Feedback Template >> is
a tool for organizing revision
ideas.

•

The Feedback Template >> can help students begin to
organize their plans for revision.

•
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CONSIDERING THE
AUDIENCE
Exercises in Audience Analysis
>> will deepen students’
ability to think carefully about
the audience for their photo
essays.

REFLECTION AND
SYNTHESIS
Keeping with the theme,
students use metacognition to
reflect on the feedback and
revision process.
Reminder: Don’t forget to
consult the recommended
resources on the first pages of
this milestone.

MILESTONE
#5: PHOTO ESSAY DESIGN
BUILD KNOWLEDGE

PRESENT

6

This milestone brings students
Student learns about
into the work of creating
a photo
sustainability,
traditional
essay that takes a position
and alternative gardening
on sustainability generally,
and for small-scale
techniques
hydroponics specifically.
Asproduction,
you
food
and the
create lessons, remember
that
significance
of water.
this is a moment for students
to synthesize their learning and
determine their own point of
Student
design
view, based
on the teams
research
and and
execute anthey
experiment
lab experimentation
have
to compare farming
undertaken.

2

3

As you plan, think about the
templates that might help
students, and take some time
to think about where the photo
essays will live and be viewed.
The recommended tools and
forms can be helpful here.

RECOMMENDED RESOURCES
TEXTS AND DATA
• Create a Photo Essay >>

DRAFT THE PHOTO ESSAY
Students learn about photo essays and then outline and
draft their own.

AUDIO AND VISUALS
• Student Examples: UOW Visual
Storytelling >>

SOLICIT CONSTRUCTIVE CRITIQUE
Students solicit feedback from a photo essayist.

•

REVISE

techniques.

There should be variation across
the photo essays, with students
taking different positions and
making arguments about
different aspects of gardening
and sustainability (not all
students need to argue for the
adoption of hydroponics in local
gardening practices!).

Student teams share
their findings with
a local gardening
community.
STEPPING STONES

4
DEVELOP AND
CRITIQUE
30

Student teams
communicate
findings in a
lab report.

5

TOOLS AND FORMS
Templates to create the photo essay:
• Photo Essay Template (Google Slides) >>
• Slide Carnival >>
• The Plot >>
• Project Rubric >>

Students finalize their photo essays.

Student teams design
and revise a photo
essay.
NOTE: This process begins
while students are working on
milestones 2-4.

30

Examples of Photo Essays >>
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STEPPING STONES TO MILESTONE #5: PHOTO ESSAY DESIGN

1. DRAFT THE PHOTO ESSAY
When planning lessons for this
stepping stone, think about
ways to help students organize
all they’ve learned so they
can tell a powerful story about
sustainability and gardening
practices. To begin this work,
it will be important to plan a
lesson that helps students
revisit the conclusions they
drew during Milestones 2 and 3
as they were researching and
experimenting with gardening
practices and hydroponics.
A storyboard >> is one way
to help students identify their
key ideas, as is the Drawing
Conclusions Thinking Guide
>>.
As students work, continue to
refer them to the rubric >>.

Standards

Developing a lesson or two
that help students practice
with Author’s Intent >> and
Audience Analysis >> will
also help them begin to orient
their photo essay around their
purpose.

FEEDBACK & SUPPORT

1. DRAFT THE PHOTO ESSAY

2. SOLICIT CONSTRUCTIVE CRITIQUE

CCSS.ELA-LIT.W.6-8.2 A-F >>,
CCSS.ELA-LIT.W.6-8.4 >>

CCSS.ELA-LITERACY.W.6-8.2 A-D >>

3. REVISE
2.SOLICIT CONSTRUCTIVE
CRITIQUE & 3. REVISE

N/A

Students will
be able to...

Describe the elements of effective
photo essays and then draft
their own for a specific audience.

Solicit feedback from a photo essayist.

Finalize the photo essay.

Ideas for
Activities

• Author’s Intent >>
• Audience Analysis >>
• Drawing Conclusions Thinking

• Fishbowl >>

•
•

Reflection
and
Synthesis
Prompts

• How did your group decide on the

• What was your most useful piece of

• How has your work evolved during the

Formative
Assessement
Ideas

• Photo Essay Draft
• Use the Project Rubric >> to self-

• Feedback Template >>
• PLANS >>
• Use the Project Rubric >> to self-assess

• Finished Photo Essay
• Use the Project Rubric >> to self-assess

Suggestions
for Feedback
and Support

• As students work on their photo

• Giving and Receiving Feedback >>
• Conferencing >>

• Conferencing >>

Incorporate Feedback for Revision >>
Writer Error Monitoring >>

Guide >>

A Conversation Roundtable
>> is not only helpful for
groups who are struggling to
determine the photo essay
elements, but it also can
be an effective tool for all
students throughout the entire
process. They can use it with
the example photo essays
and then again with their own
drafts as a way of coming to
agreement and choosing how
to represent their own material
most effectively.
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•

major aspects of your photo essay,
such as tone and photos to include?
What do you feel are the most
convincing parts of your photo essay, and why? What parts do expect
need work?

assess

essays, try Conferencing >> with
them to support their work. If students are struggling to hone in on
their key message, try the Conversation Roundtable >>.

•

feedback, and how will it help you improve
your project?
Use the rubric to assess your photo essay.
Strengths? Deltas?

process from draft to final product?

• Use the rubric to assess your photo essay.
Strengths? Deltas?
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As you develop lessons during
this stage, Conferencing
>> with student teams will
be essential. Trying using
the rubric with them so they
can self-assess and identify
issues. While a photo essayist
will help students create a
strong product, they may not
know the content as well as
you. Depending on how much
time the photo essayist has,
you might have them model a
feedback session with one or
two groups, in a Fishbowl >>,
and then students and you can
continue with the remaining
groups.

In addition to the photo
essayist, reconnecting with the
experts from the launch will
also provide valuable feedback
>> and will help students see
the authentic way that the
project has come full circle.
Think about adapting the
Academic Conference Stems
>> for invited guests so they
have a clear picture of how to
provide helpful feedback.
Reminder: Take a look at the
recommended resources at
the beginning of this milestone
as you plan lessons for these
three stepping stones.

MILESTONE #6: PRESENT
In this culminating milestone,
students make final preparations
and handle logistics for their
photo essay presentation,
which will be either online or
with interested gardeners either
virtually or in person.

PRESENT

earns about
Students don’t necessarily need
bility, traditional
undertake a live presentation
nativetogardening
their photo essays, though
es for of
small-scale
they
can.
duction,
and
theThe goal of this
nce ofmilestone
water. is for students to bring

6

Student teams share
their findings with
a local gardening
community.

STEPPING STONES

RECOMMENDED RESOURCES

PREPARE

TEXTS AND DATA
• 7 Ways to Teach Public Speaking to Kids >>
• Plan an Event >>
• Create and Implement an Action Plan >>

Students make final preparations for sharing their photo
essay.
PRESENT

AUDIO AND VISUALS
• The Four Best Free Web Conferencing Services >>
• Skype >>

Student teams share their photo essay online or with a
community gardening group either in person or virtually.

their work into the public eye:
this can be done online, through
a website students put together
n and and share. As you plan lessons,
nt
think about working with students
to determine the most powerful
platform for their photo essays.

REFLECT

MULTI-MEDIA
Where to post your photo essay:
• Free Google Site Design >>
• Shadow Puppet Edu >>

Students and teacher reflect on their original NTK’s, and
their current sense of understanding.

TOOLS AND FORMS
• Reflect on Learning Process >>
• Debrief the Event >>
• Project Rubric >>
• BIE Presentation Rubric >>

If they, or you, decide to present Student teams
in person, take some time to communicate
plan lessons that allow them findings in a
to prepare and practice the
lab report.
presentation.

4

Note: The recommended
resources will be helpful as you
design lessons for this milestone.

DEVELOP AND

5

Student teams design
and revise a photo
essay. 34
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STEPPING STONES TO MILESTONE #6: PRESENT

1. PREPARE
Preparation will vary greatly
depending on decisions you
and students make about the
format of the presentation:
an in-person session with
an audience requires both
logistical planning as well as
practice on the presentation. A
videoconference also requires
practice, but the logistics are
relatively simple. Posting the
photo essays online requires
identifying and learning the
platform and loading the photo
essays.
In all cases, there is planning
to do regarding identifying the
audience and ensuring the
audience interacts with the
photo essays. There will be a
lot of new learning for middle
school students during this
process.

1. Prepare

2. Present

3. Reflect

Standards

CCSS.ELA-LIT.SL.6-8.4 >>,
CCSS.ELA-LIT.SL.6-8.5 >>

CCSS.ELA-LIT.SL.6-8.4 >>,
CCSS.ELA-LIT.SL.6-8.5 >>

N/A

Standards

Students
will be
able to...

Make final preparations for sharing their
photo essay.

Share their photo essay with a community
gardening group or a group like Shelburne
Farms >>.

Reflect on their original NTKs and their current
sense of understanding.

Students
will be able
to...

Decision
points

• Will the audience be available in person or

• In person or on video/phone: How will each

• Metacognition Log >>
• Have students use the Project Rubric >> to

Ideas for
reflection
on work
product
and
process

Ideas for
activities

on video/phone, or will there be a set of
videos uploaded to a website? What technical considerations should be considered?

• In person or on video/phone: Practice the
•

Logistics

presentation, video practice runs, and critique.
Online: Create the website, or set up the
platform and load the photo essays.

• In person: Select and set up; secure the
•

audience and extend invitations; and secure and organize the venue.
Video/phone: IT considerations for online
audience, presentation, and event recording.
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•

group member and/or each group be included in the presentation?
Online: How and when will an audience
interact with the photo essays?

• The event

self-assess.

• Think-Write-Pair-Share >>
• Have students use the BIE Presentation
Rubric >> to self-assess.

• In person: Get to the venue and get settled.
• Greet audience members.

• What? So What? Now What? >>
• Thinking at Right Angles >>

2. PRESENT

3. REFLECT

You probably won’t need
to plan a lesson for the
presentation, but there are
always many logistical details
and potential complications
that are important to anticipate
and plan for, particularly if you
are organizing an in-person
event.

This project took students on a
complicated journey regarding
content, skill, and product. As you
plan lessons, think about how you
can use this reflection time as
an opportunity to help students
reflect on their learning process:

As you plan for the event,
imagine all that can go wrong,
and think of a way to address
it: What if a student misses
the bus? A chaperone doesn’t
show up? The audience
doesn’t show up? The event
is canceled? Students aren’t
prepared or have stagefright?

Reflection
on

NOTE: Don’t forget about the
recommended resources at
the beginning of this milestone.

Ideas for
reflection
on NTKs
and key
knowledge
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•
•
•

Their experience of research
and experiment design and
implementation
Their group work
Their revision work

As well as the products they
created:
• An experiment design
• A lab report
• A photo essay
• A venue
Help students think about how
what they learned applies to the
real world and also to their work
in other classes and on uture
projects.

APPENDIX I: STANDARDS
BUILD KNOWLEDGE (MILESTONES 2-5)

DEVELOP & CRITIQUE (MILESTONES 2-5)

DEVELOP & CRITIQUE CONT’D (MILESTONES 2-5))

PRESENT (MILESTONE 6)

Research (part 1)

Research (part 2)

Collaborate & Discuss

CCSS.ELA-LITERACY.SL.6-8.4 >>

MS-ESS3-3 >>

CCSS.ELA-LITERACY.W.6-8.2 >>

CCSS.ELA-LITERACY.SL.6-8.1 >>

Apply scientific principles to design a method for monitoring and
minimizing a human impact on the environment.

Write informative/explanatory texts to examine a topic and convey
ideas, concepts, and information through the selection, organization,
and analysis of relevant content.
CCSS.ELA-LITERACY.W.6-8.2.A >>

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.

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.

Introduce a topic; organize ideas, concepts, and information, using
strategies such as definition, classification, comparison/contrast, and
cause/effect; include formatting (e.g., headings), graphics (e.g., charts,
tables), and multimedia when useful to aiding comprehension.

CCSS.ELA-LITERACY.SL.6-8.1.A >>
ome to discussions prepared, having read or studied required material;
explicitly draw on that preparation by referring to evidence on the topic,
text, or issue to probe and reflect on ideas under discussion.

CCSS.ELA-LITERACY.W.6-8.2.B >>

CCSS.ELA-LITERACY.SL.6-8.1.B >>

Develop the topic with relevant facts, definitions, concrete details,
quotations, or other information and examples.

Follow rules for collegial discussions, set specific goals and deadlines,
and define individual roles as needed.

CCSS.ELA-LITERACY.W.6-8.2.C >>

CCSS.ELA-LITERACY.SL.6-8.1.C >>

Use appropriate transitions to clarify the relationships among ideas and
concepts.

Pose and respond to specific questions with elaboration and detail
by making comments that contribute to the topic, text, or issue under
discussion.

MS-ETS1-2 >>
Evaluate competing design solutions using a systematic process
to determine how well they meet the criteria and constraints of the
problem.
CCSS.ELA-LITERACY.RST.6-8.3 >>
Follow precisely a multi-step procedure when carrying out experiments,
taking measurements, or performing technical tasks.
CCSS.ELA.LITERACY.WHST.6-8.7 >>
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.

CCSS.ELA-LITERACY.W.6-8.2.D >>
Use precise language and domain-specific vocabulary to inform about
or explain the topic.
CCSS.ELA-LITERACY.W.6-8.2.E >>

CCSS.ELA-LITERACY.SL.6-8.1.D >>
Review the key ideas expressed and demonstrate understanding of
multiple perspectives through reflection and paraphrasing.

Establish and maintain a formal style.
CCSS.ELA-LITERACY.W.6-8.2.F >>
Provide a concluding statement or section that follows from the
information or explanation presented.
CCSS.ELA.LITERACY.WHST.6-8.4 >>
Produce clear and coherent writing in which the development,
organization, and style are appropriate to task, purpose, and audience.
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got more?
Yes, in fact!
Come find more great projects and
resources to support your PBL adventures at:
www.bie.org
and
www.redesignu.org
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