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  Lesson Planning Template                                                                                                                                                                  COSMOS EDUCATIONAL TOOLKIT: Using sensors to manage outdoor Brassica rapa plants
	Grade/ Grade Band: 9th 
	Topic: determine which environmental factor most influences growth rate of Brassica rapa plants 
	Lesson # __2__ in a series of __4__ lessons

	Brief Lesson Description:  Students use sensors to determine which environmental factor (carbon dioxide, temperature and humidity) 
most influences growth rate of Brassica rapa over weeks (or months) 

	Specific Learning Outcomes: According to earlier, controlled experiments, students will be able to predict the growth rate 
of Brassica rapa plants based on that week’s weather conditions (carbon dioxide, temperature and humidity).


	Narrative / Background Information 

	Prior Student Knowledge Required: 
This project can be conducted at any time during this unit (scientific inquiry) but may produce the most effective learning experience 
if initiated at the conclusion of the earlier studies regarding Brassica rapa germination and photosynthesis so the students can compare 
the results from their controlled experimental data with real world, unpredictable conditions.

Thrice a week (M, W, F) students use the sensors to measure temperature, carbon dioxide and humidity as well as record stem length 
and total leaf surface area.



	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, 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 selective pressure can be a major influence in determining how much energy and materials an organism will dedicate to the involved process. In this case, the absence of light means there is no longer a selective force to maintain a plant’s ability to perform photosynthesis at the same level as it had before in the presence of light; its rate of growth will decelerate.


	Possible Multidisciplinary Concepts:  
Mathematics will be implemented in this project whereby students are required to calculate the plant’s total leaf surface area. 

English students will learn how to communicate their project’s results both 

in the form of a report and orally.


	Possible Preconceptions/Misconceptions: At this point in the school year there should not be many misconceptions; students should be able to predict that the growth factor will be considerable slower to the fluctuations in the temperature and humidity over the course of several weeks.

	LESSON PLAN – 5-E Model 

	ENGAGE:  Opening Activity – Access Prior Learning / Stimulate Interest / Generate Questions: 
Start the class projecting onto a screen, a time-lapse film of a plant growing, in the wild and at the end having the students discussing 
the phenomena of germination and growth … 
“How long do you think it took this plant to reach its genetically-determined height?”
“Which factor do you think was most (or least) influential in affecting the germination and growth rates?”



	EXPLORE: Lesson Description – Materials Needed / Probing or Clarifying Questions: 
Summary: Student teams research the literature and conduct multiple discussions to determine the best possible location on school ground to nurture the germination and photosynthesis of their Brassica rapa plants. Data will be collected twice a week and conclude with a written report and oral presentation on their projects culminative results.

Materials: Brassica rapa plant seeds (Wisconsin Fast Plant can be purchased from Carolina Science), fertilizer pellets, potting soil, 
and COSMOS equipment.


	EXPLAIN: Concepts Explained and Vocabulary Defined: 
Concepts entail germination, photosynthesis, growth rate, data collection & formatting, analysis and reflection and finally presentation.
Key Vocabulary: germination, photosynthesis, growth rate

	ELABORATE:  Applications and Extensions: 
A) Research which school ground’s location: (east-2nd fl bridge, west-facing Hudson river park, south-dog park, north-Hudson river docks) you want to grow the Brassica rapa. Be sure to cite at least 1 article that supports your choice for this location.

B) Research soil conditions: (i.e. fertilizer, number of seeds, soil depth, backboard). Be sure to cite at least 1 article that supports your choice for this location.

C) Initial proposal: Discuss the reasons for the choices your team made in regard to the Brassica rapa garden location, growth requirements (soil), predicted key environmental factors, predicted growth rate and final growth stage characteristics. 

D) Data: Collecting data (3x/wk): Use sensors to record temperature, carbon dioxide, humidity and plant growth progress                                 (number of plants, number of flowers, total leaf area, stem size, root size, total weight).
                Communicating data: Upload your weekly data for days 1, 2, 3… 30 via Google drive spread sheet “2019 Econome - Using sensors to manage an outside garden.” (see example on following page).
                Analyzing data: Discuss trends between environmental factors and the growth progress of your Brassica rapa garden.

E) Final report 
                Data: photographs, number of plants, number of flowers, total leaf area, stem size, root size, total weight; conclusion – was your chosen location a good match for your plants’ requirements, what environmental factor was key to growth, what environmental factor was detrimental to growth, what would you differently in the future).
               Presentation: 5-10 minute, 1-3 MS-Powerpoint slide summary of results to class (Highlight responsibilities A-E).


	EVALUATE:  Students chart growth (stem length, leaf surface area) of Brassica rapa against water (precipitation), sunlight and temperature and finally determine which of these three environmental factors is the most or least influential.
Formative Monitoring (Questioning / Discussion): As a team, they will be graded on how they set-up the experiment, gather and assess their weekly data. 

Summative Assessment (Quiz / Project / Report): As a team, they will be graded on the accuracy and details of their concluding reports (written and oral presentations).


	Elaborate Further / Reflect: Enrichment: This month-long activity is an engaging way for students to identify the dramatic way the environment can influence the germination, photosynthesis and flowering of their Brassica rapa plants in specific locations, outdoors. Students will enjoy using their wireless sensors to collect weekly data and analyze the developmental progress of their experimental plants.
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