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LESSON 7: PLAN

PHOTOSYNTHESIS: IT’'S A FOOD FACTORY!
OVERVIEW

Students will explore various variables that can affect the
rate of photosynthesis in plants, an essential process to
ensure life on earth.

ESSENTIAL QUESTIONS

How does survival of animals depend on plants and the
process of photosynthesis?

How do plants depend on animals to survive?

TIME

~100 minutes

This material is based upon work supported by the National
Science Foundation under Grant No. DRL1933717. Any opinions,
findings, and conclusions or recommendations expressed in this
material are those of the author(s) and do not necessarily reflect
the views of the National Science Foundation.
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LESSON 7: PHOTOSYNTHESIS: IT’S A FOOD FACTORY!

STEM CT FRAMEWORK

The below framework incorporates Next Generation Science Standards (NGSS),Common Core State Standards (CCSS)
for mathematics, and Computational Thinking (CT) concepts and characteristics adapted by the International Society for
Technology in Education (ISTE) and Computer Science Teachers Association (CSTA).

4.L.S1 FROM MOLECULES TO ORGANISMS: STRUCTURES AND PROCESSES

4.L.S1-1. Construct an argument that plants and animals have internal and external structures that function to support
survival, growth, behavior, and reproduction.

Investigation:
Students will explore how different variables affect the rate of photosynthesis in plants.

Disciplinary Core Ideas
« Plants and animals have both internal and external structures that serve various functions in growth, survival, behavior,
and reproduction.

Crosscutting Concepts

1 patterns; 2) cause and effect; 3) scale, proportion, and quantity; 4) systems and system models; 5) energy and matter; and 7. structure and
function
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4.MD: Students will represent, interpret and
analyze data created during photosynthesis
under a variety of conditions for a period of
time.

Practices:

¢ Make sense of problems and persevere in
solving them: Explain important features
and relationships between the table and line
graph of the photosynthesis data.

Characteristics:

» Logically organizing and analyzing data:
creating table and line graph to represent
the photosynthesis data

¢ Representing data through abstractions such
as models and simulations: manipulating
photosynthesis simulation

« Automating solutions through algorithmic
thinking: plan and create a flowchart that
represents the relationships between plants,
animals, and photosynthesis

Dispositions:

« Confidence in dealing with complexity: plan
and create a flowchart that represents the
relationships between plants, animals, and
photosynthesis

Asking Questions and Defining Problems:

* Students will ask questions and
define problems when using a
model to experiment with the rate of
photosynthesis

Analyzing and Interpreting Data:

e Students will compile data on rates of
photosynthesis rstand citizen efforts to
help with pollination

Engaging in Argument from Evidence:

* Construct an argument about
photosynthesis with evidence and data
using a model.

Technology

¢ Manipulate online simulations to observe how the rate of photosynthesis can be affected.
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LESSON PLAN SUMMARY

7.1 Introduction - Photosynthesis: It’s a Food Factory!:

Engage students by introducing and discussing how plants make their own food through a series of steps.

STEM CT

Supplies

Technology Resources

Presentation & Slides

Science: photosynthesis

Math: line graph

CT: data analysis, simulation,
algorithmic thinkingn

Internet access, Computer and
Projection System,

Optional - Elodea, Lamp,
Glass/Water

Elodea- Photosynthesis Lab

Photosynthesis Lab -
Elodea O2 Bubbles

Photosynthesis Activity for Kids -
Observe Photosynthesis DIY

Photosynthesis

Presentation Slides

7.2 Photosynthesis - What’s good?

Explore what factors affect the rate of photosynthesis through a virtual simulation and logically organize and analyze the data.

STEM CT

Materials

Technology Resources

Presentation & Slides

Science: photosynthesis, plants,
investigation, simulation,
experiment

Math: student created table

CT: data analysis, data collection,
data representation, simulation,
parallelization

Internet access

Each Group: Computers,
Paper and Pencil

Rate of Photosynthesis Lab
(HtmlI5)

Importance of Light in
Photosynthesis (Simulator): Class
10: Biology: Amrita Online Lab
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https://www.youtube.com/watch?v=QuJdPDqqiG8
https://www.youtube.com/watch?v=8NPOF-qxaww
https://www.youtube.com/watch?v=8NPOF-qxaww
https://www.generationgenius.com/activities/photosynthesis-activity-for-kids/
https://www.generationgenius.com/activities/photosynthesis-activity-for-kids/
https://www.pbs.org/wgbh/nova/interactive/illuminating-photosynthesis/
https://docs.google.com/presentation/d/1CUWa0F0c444G6UxyKSFYecqzEcnFFZg_69MQFaB6IMw/edit#slide=id.p
https://leosiiman.neocities.org/lab-rate-of-photosynthesis/photolab-individual-graasp.plain
https://leosiiman.neocities.org/lab-rate-of-photosynthesis/photolab-individual-graasp.plain
http://amrita.olabs.edu.in/?sub=79&brch=16&sim=126&cnt=4
http://amrita.olabs.edu.in/?sub=79&brch=16&sim=126&cnt=4
http://amrita.olabs.edu.in/?sub=79&brch=16&sim=126&cnt=4
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7.3 The Good and Bad:

The students will participate in an explanation of results of their organized and analyzed data.

STEM CT

Materials

Technology Resources

Presentation & Slides

Science: photosynthesis, plants

Math: interpret data, compare/
contrast data

CT: data analysis, data
representation oblem
decomposition, parallelization,
algorithmic thinking

Computer and Projection System

Presentation Slides

7.4 Plants, They Are Important!:

The students will elaborate on the topic, Why does photosynthesis matter to us?, through discussion.

STEM CT

Materials

Technology Resources

Presentation & Slides

Science: photosynthesis, plants,
animals

Math: n/a

CT: data representation,
algorithmic thinking

Computer and Projection System

Presentation Slides
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7.5 Just Breathe:

algorithmic thinking.

Evaluate students by having them create a flow chart of what they just learned about the importance of photosynthesis to animals through

STEM CT

Materials

Technology Resources

Presentation & Slides

animals, model

Math: n/a

CT: data representation,
algorithmic thinking

Science: photosynthesis,

plants, Paper, Pencil, Markers, and

Crayons

Presentation Slides

Photosynthesis/Animal Flow Chart
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VIRGINIA STANDARDS

Virginia (2018) Science SOL. 4.1 The student will demonstrate
an understanding of scientific and engineering practices by (a)
asking questions; (b) planning and carrying out investigations;
¢) interpreting, analyzing, and evaluating data; (d) constructing
and critiquing conclusions and explanations; and e) developing
and using models; f) obtaining, evaluating, and communicating
information 4.2 The student will investigate and understand that
plants and animals have structures that distinguish them from
one another and play vital roles in their ability to survive

Virginia (2016) Mathematics SOL. 4.14¢ The student will a)
collect, organize, and represent data in line graphs, b) interpret
data represented in line graphs and c) compare two different
representations of the same data (chart and a line graph).

Virginia (2017) English SOL. 4.1 The student will use effective
oral communication skills in a variety of settings. 4.2 The
student will create and deliver multimodal, interactive
presentations.

Virginia (2018) Vertical Alignment

In third grade, students are introduced to the concept that
organisms have both physical features and behaviors that
help them to survive in their environment (3.4). The process
of photosynthesis is expanded in Life Science to include
the energy transfer between sunlight and chlorophyll and
the transformation of water and carbon dioxide into sugar
and oxygen (LS.4). In addition, students build on their
understanding of how adaptations to the specific biotic
and abiotic conditions within their environment make them
better able to survive (LS11).
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7.1INTRODUCTION - PHOTOSYNTHESIS: IT'S A FOOD FACTORY!

Activity 7.1: (20 minutes) Engage - Introduce and discuss
how plants make their own food.

MATERIALS

Computer and Presentation Slides

Projection System

Internet access

Glass/Water
(optional)

Elodea (optional) Lamp (optional)

TEACHER PREPARATION

None. Optional - Photosynthesis & Respiration Activity for Kids or
Rate of Photosynthesis in Elodea

LESSON PLAN
Ask students to pinch their nose with one hand and raise
their other hand in the air.

* Now, take a deep breath and hold it as long as you can.
When you cannot hold it any longer, lower your hand and
unpinch your nose.

* Once all hands are down, ask what they did when they put
their hands down (they breathed).

Ask students what is in the air? (oxygen - 21%, nitrogen
gas - 78%, argon - 1%, water vapor and carbon dioxide)

* What do we need to survive?

* Just like we need food, water, suitable habitat, and air
to survive - so do plants!

« How do plants get their food?

Discussion of Photosynthesis: Green plants produce their
own food through the process of photosynthesis.

Ask students what plants eat: How do they get food? What do
they need to make their own food?

¢ Show students the Photosynthesis simulation and
talk about the elements needed, including the
interdependence of the plant and human.

¢ The leaf is the primary food-producing part of these
plants. Under the appropriate conditions, leaves use the
green pigment, chlorophyll, to convert water and carbon
dioxide into food (sugar). Water is absorbed by plants
from their roots. Carbon dioxide (CO2) is a colorless gas
that enters plants through tiny holes on the undersides of
their leaves. These holes are called stomata and can be
explored here:
Demonstration of Stomata on a Leaf Peel (Theory): Class
10: Biology: Amrita Online Lab

¢ During the production of sugars such as glucose, oxygen
(0O2) is given off as a waste product. It exits the leaves
through the same openings that brought carbon dioxide
in. We normally can’t see oxygen when it is released
during photosynthesis (because it is also a colorless gas).

* In fact, we really can’t see photosynthesis happening at
all. Roots are typically underground, so we don’t see water
entering a plant and being moved through its stems into
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the leaves. Oxygen and carbon dioxide are invisible—we
don’t notice them moving in and out of leaves. And you
have to watch a plant really carefully, for a really long time,
to see it grow as a result of producing sugars and other
carbohydrates from photosynthesis.

Show one or both of the videos below (maybe with the
sound off) and have students share their ideas for what is
happening - Why do the bubbles form? Make a list on the
board:

Elodea- Photosynthesis Lab

Photosynthesis Lab - Elodea O2 Bubbles

Photosynthesis Activity for Kids - Observe Photosynthesis DIY

OR

Demonstrate the rate of photosynthesis with an Elodea plant
submerged in water by counting the number of bubbles
given off with a light at different distances from the plant.

* Make a line graph to compare the rate of photosynthesis
of the two plants

Photosynthesis in plants that can live underwater, however,
can be detected because when they release oxygen, it
appears as bubbles exiting the plant tissue. One plant in
particular, called Elodea, is often used in experiments to
determine what factors affect photosynthesis. How many
bubbles an Elodea plant produces in a given amount of
time is an indication of the rate of photosynthesis. (Similarly,
how many times you breathe in a given time period is an
indication of how much you are exerting yourself.)

LESSON SEVEN | PHOTOSYNTHESIS: IT'S A FOOD FACTORY!

7.2 PHOTOSYNTHESIS - WHAT’S GOOD?

Activity 7.2: (20 minutes) (30 minutes) Explore - What
factors affect the rate of photosynthesis? A virtual
investigation

MATERIALS

Internet access Computers (for each

group)

Paper and pencil

TEACHER PREPARATION

Optional - Preselect groups

LESSON PLAN

Have students brainstorm about factors that can affect
the rate of photosynthesis (such as for an aquatic plant
like Elodea, with a set-up similar to that seen in the videos
above).

* Make a class list of factors.

The first part of photosynthesis comes from light, which is
a type of energy. Not all light is the same, however. Clear
light is actually composed of the full rainbow of colors
ranging from red to violet, each color with its own distinct
wavelength. A single light source can also vary in how
strong it is, which depends on such factors as its power and
concentration, and its proximity to whatever it’s shining on
(kind of like how the amount of heat felt coming from a fire
depends on how close you are to it, and how strongly the
fire is burning).

The availability of water and carbon dioxide also can affect
the rate of photosynthesis. It's hard to vary the amount of
CO2 available, however, and aguatic plants such as elodea
have access to plenty of water.

TEACHER GUIDE | LONGWOOD UNIVERSITY | EMPOWER
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Since photosynthesis is really just a chemical reaction,

it is affected by temperature (this is true of all chemical

reactions). And of course characteristics of the available

light can impact photosynthesis, too.

* Using the two websites below, we can conduct
experiments using several independent variables:

Rate of Photosynthesis Lab (HtmI5)
* Lamp Intensity (measured in lumens) - this is like the
strength of a fire

 Temperature (measured in degrees Celsius)

Importance of Light in Photosynthesis (Simulator): Class 10:

Biology: Amrita Online Lab

 Power Source (measured in watts) - this is also like the
strength of a fire

» Distance of the Light Source (measured in centimeters) -
proximity of light

» Color of Light (clear, red, blue or green)

* For each virtual lab, the dependent variable is the
rate of photosynthesis: how many oxygen bubbles
are produced in a given time period. Students can
decide to collect data either by counting a certain
number of bubbles and writing down how long it
took to produce them, or by counting all the bubbles
produced in a set time frame.

¢ Students can be placed in groups based on which
of the variables above they most want to investigate
(different groups will use different virtual labs). For
each experiment, students will need to determine
what levels of the independent variable they want to
investigate.

The websites make this easy—each IV is preset with

two, three, or four levels. The important piece is that
students recognize that they are comparing levels of the
independent variable. If desired, a baseline, “normal”
level of the IV can be designated as the control variable.

e Students should create a data table and record results for
the number of bubbles. Multiple trials can be included to
allow for replication.

¢ Alternatively, you can provide students with a
template (digital or printable) where they can fill in
their variables and results.

¢ Students should also be tasked with creating a visual
representation of their results: a graph or figure of some
sort.
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7.3 THE GOOD AND BAD

Activity 7.3: (20 minutes) The students will participate in an
Explanation of results

MATERIALS

7.4 PLANTS, THEY ARE IMPORTANT!

Activity 7.4: (10 minutes) The students will Elaborate on the
topic: Why does photosynthesis matter to us?

MATERIALS

Computer and
Projection System

TEACHER PREPARATION

None.

LESSON PLAN

Students present and make sense of their findings

Computer and
Projection System

Presentation Slides

TEACHER PREPARATION

None.

LESSON PLAN

Plants are an important source of food for animals and
microorganisms because the sugar they produce from
photosynthesis—if it is not used by the plant itself—can be
stored or converted into other substances.

* These end products of photosynthesis can be eaten
by other organisms. The oxygen produced during
photosynthesis is also useful during the breakdown of
food (cellular respiration) by plants themselves and all
other organisms.

Remember: If a product can't be mined from the Earth, it's got
to be grown by a plant or other organism. And plants are the
base of organic production on Earth.
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7.5 JUST BREATHE

Activity 7.5: (20 minutes) Evaluate students by having them
create a flow chart of what they just learned about the
importance of photosynthesis to animals.

MATERIALS
Paper/Pencil Colored Pencils/
Markers/Crayons
(optional)

Photosynthesis/
Animal Flow Chart
(presentation)

TEACHER PREPARATION

None

LESSON PLAN

Have students choose an animal as one of the characters for
a flow chart

* Use the Photosynthesis/Animal Flow Chart presentation
to review what a flow chart is, and how it can be related to
interdependence of plants and animals.

e The flow chart must include information about how
plants and animals have an interdependency (i.e.
exchange of oxygen and carbon dioxide for survival).
Labels must include:

Oxygen

Carbon Dioxide

Sun

Photosynthesis

Plant

Character (i.e. animal)
Water
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