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Lesson Planning Template 
COSMOS EDUCATIONAL TOOLKIT: Using sensors to determine                                                                                                    which wavelengths of light are used for photosynthesis
	Grade/ Grade Band: 9th 
	Topic: photosynthesis
	Lesson # __2__ in a series of __4__ lessons

	Brief Lesson Description: Students study the effects of red, blue, green wavelengths of light on the plant’s ability to perform photosynthesis. Sensors will be used to confirm the presence and intensity of a specific wavelength of light as well as measure photosynthetic output as reflected in a sensor measuring carbon dioxide absorption.

  

	Specific Learning Outcomes: Students will realize that the light-dependent stage of photosynthesis is dependent on two specific wavelengths of light (blue at 450-490 nm and red at 630-750 nm), while reflecting color green (resulting in no growth). They will 
also realize that the closer the light source, the more effective it is. 


	Narrative / Background Information 

	Prior Student Knowledge Required: Students should be familiar with the photosynthetic process whereby a plant uses sunlight and carbon dioxide to make glucose in order to sustain itself. Another already understood concept is that without selective pressure, in this case the absence of light (aluminum foil covered leaves), the production of certain molecules or even organelles will be similarly reduced or lost.

	Problem Solving Practices (Ex: Standards for Mathematical Practice): 

NYS core curriculum standards:

STD 1-Key Idea 2: Beyond the use of reasoning and consensus, scientific inquiry involves the testing of proposed explanations involving the use of conventional techniques and procedures and usually requiring considerable ingenuity.
Key Idea 3: The observations made while testing proposed explanations, when analyzed using conventional and invented methods, provide new insights into natural phenomena. 

Key Idea 5: Organisms maintain a dynamic equilibrium that sustains life.

NGSS standards: 

STD 2-HS-LS1-2. Develop and use a model to illustrate the hierarchical organization of interacting systems 

that provide specific functions within multicellular organisms.
HS-LS1-5. Use a model to illustrate how photosynthesis transforms light energy into stored chemical energy. 

HS-LS2-3. Construct and revise an explanation based on evidence for the cycling of matter and flow of energy in ecosystems. 

HS-LS2-5. Develop a model to illustrate the role of various processes in the cycling of carbon among the biosphere, atmosphere, hydrosphere, and geosphere. 


	Main Content Ideas: 
Photosynthesis relies on only two specific wavelengths of light (blue, red). Greater light exposure means bigger leaves and higher photosynthetic rate.
Another concept is that lights’ greatest impact correlates with intensity; distance from light source is inversely related to photosynthetic output.


	Possible Multidisciplinary Concepts:  
Mathematics will be implemented in this project whereby students graph wave-lengths of light and photosynthetic activity or overall size and determine which is most effective. 



	Possible Preconceptions/Misconceptions: Students may not realize that plants chlorophyll A pigments absorb red and blue wavelengths for photosynthesis; they reflect green because they cannot absorb or use it.

Students may also not realize that light’s intensity weakens over distance and in this case, photosynthetic output will be reduced. 

	LESSON PLAN – 5-E Model 

	ENGAGE:  Opening Activity – Access Prior Learning / Stimulate Interest / Generate Questions: 
An opening “do now” would be to project on the screen a linear display of the visible light spectrum (from ultraviolet to infrared) and ask students to place images of three differently sized plants along that spectrum. The correct response would be to place the tallest plant image with the red wavelength; middle-sized plant with blue and the smallest plant on green. 

	EXPLORE: Lesson Description – Materials Needed / Probing or Clarifying Questions: 
Summary: Student teams use adult size Brassica rapa plants to confirm the relationship between red and blue light wavelengths and maximum photosynthetic activity through measurement of carbon dioxide absorption with a sensor. The other discovery they will make 

is that the further away the plant is from the light source the less photosynthesis output (CO2 absorption) is generated.

Materials: Brassica rapa plants (Wisconsin Fast Plant can be purchased from Carolina Science), fertilizer pellets, potting soil, incubator, fluorescent bulbs (or a window sill), tap water, plastic spoons, cups or plant-specific containers (each team needs two containers – one 

Kept in the dark-experimental and the other exposed to light-negative control), metric rulers and electronic sensor (measure red, green, blue visible wavelengths) and large metric measuring sticks.


	EXPLAIN: Concepts Explained and Vocabulary Defined: 
Photosynthesis, the process whereby a plant uses sunlight and carbon dioxide to make glucose in order to sustain itself. The larger 
the plant with more leaves should translate into more CO2 absorption and further growth until a carrying capacity is reached.

The other major concept is that wavelengths of light weaken, in their ability to fuel photosynthesis, over distance.

Key Vocabulary: wavelength, photosynthesis, incidence of light, absorption, carbon dioxide


	ELABORATE:  Applications and Extensions: 
Days 1-4 Student teams grow Brassica rapa plants in a potting container under optimal conditions 

(i.e. file:///C:/Users/jason%20george%20econome/Desktop/00000%202019%20WFPgermbk!.pdf; http://www.fastplants.org/pdf/growing_instructions.pdf; https://fastplants.org/2017/09/19/physical-environment-blog/).

Day 5 Student teams spend 10 minutes, using sensors to measure carbon dioxide (CO2) levels just outside of the classroom in the hallway, no plants should be present. They can measure and record this value using several locations in the hallway and calculate the overall average (CO2 levels are approximately 405 parts per million or 0.1% of the atmosphere).

             Set-ups: Two student teams are assigned the same colored wavelength of light. For instance, one team will be given red-colored cellulose sheet to place over the fluorescent light bulb; which will be close (5 cm) or far away from the plant (100cm); different distances   of the light source should result in different influence on a plant’s photosynthetic capability (CO2 absorption). Other teams will test blue light, white light and green light (negative control).
             Measurements: A) Confirm the intended wavelength with the sensor, in the case of red cellulose paper filtering the fluorescent light, the sensor should indicate absorption at 630-750 nm.

                                             B) Measure the intensity of the red light (or blue, white, green wavelengths) being absorbed by the sensor should vary significantly at 5 or 100 cm distance from the plant. 
                                             *Don’t forget to keep watering the plants over the next 5 days; these young plants want to grow.
Day 10 Student teams measure whether the plant is performing photosynthesis (measured by CO2 absorption). 
Student teams repeat the background CO2 level measurements in the hallway (outside of the classroom) that they performed on day 4. 

Students return to the classroom and place the sensor near their light-exposed plant. A large, transparent beaker or bag should be placed over the potted plants and sensor. Students record an average CO2 value for 5 minutes.

              Next students measure CO2 absorption per cm2 of plant leaves. (Trace outline of all leaves and calculate area within each 

(graph grid area = 1 cm2); subtract average CO2 in hallway from CO2 near plant to get CO2 absorption; divide CO2 absorption by total plant leaf surface area).

              Students should be able to measure overall size of the plant, noticing a significant difference between plants exposed to different wavelengths, at varying distances (white light at 5 cm from plant should have the greatest positive effect whereas green light should have the least impact).
              Student teams upload their data onto a designated Google drive spreadsheet “1st Experiment.”

              Students generate a line graph demonstrating the relationship between light’s wavelengths, distance to the plants leaves and the plant’s photosynthetic capability and size.  



	EVALUATE:  
Formative Monitoring (Questioning / Discussion): As a team, they will be graded on how they set-up the experiment, gathered and formatted data. 

Summative Assessment (Quiz / Project / Report): Individual grades will be based on their concluding reports (data analysis, reflections 

and content-related questions on relationship between leaf size and photosynthetic potential).


	Elaborate Further / Reflect: Enrichment: This 2-3 week activity is an engaging way for students to identify the relationship between specific wavelengths of light and their influence on a plant’s ability to perform photosynthesis as indicated by the plant’s growth rate and absorption of carbon dioxide (CO2) readings by their sensors.
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