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Lesson Planning Template 
COSMOS EDUCATIONAL TOOLKIT: Using sensors to optimize seed germination conditions
	Grade/ Grade Band: 9th 
	Topic: seed germination
	Lesson # __2__ in a series of __4__ lessons

	Brief Lesson Description:  Students will implement the carbon dioxide, temperature and humidity sensors to determine the optimal conditions for germination of pea plant (Brassica rapa) seeds.

	Specific Learning Outcomes: Students should be able to explain how temperature, oxygen (soil depth), water (humidity) 

are so important to the seed germination process.

	Narrative / Background Information 

	Prior Student Knowledge Required: Students should be able to recall how a successful germination of a seed relies on certain environmental variables. For instance, rising temperature improves random collisions associated with germination reactions; oxygen is needed by cells to produce adenosine triphosphate (ATP) via cellular respiration; water is needed to hydrolyze macromolecules, such as lipids and polysaccharides, into more absorbable monomers for metabolic fuel.

	Problem Solving Practices (Ex: Standards for Mathematical Practice): 
NYS core curriculum standards:
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: 

HS-LS1-2. Develop and use a model to illustrate the hierarchical organization of interacting systems that provide specific functions within multicellular organisms.
HS-LS1-7. Use a model to illustrate that aerobic cellular respiration is a chemical process whereby the bonds of food molecules and oxygen molecules are broken and the bonds in new compounds are formed resulting in a net transfer of energy.

	Main Content Ideas: Some content ideas include what a cell must undergo in order to perform mitosis (germination or early growth). Other concepts include identifying the reactants for respiration (oxygen and glucose) and how increasing temperature improves enzymatic rate through increased random collisions.

	Possible Multidisciplinary Concepts:  
Mathematics will be implemented in this project; students will be weighing out different variables and graphing the data to determine which variables have the greatest influence on germination rate of a seed.


	Possible Preconceptions/Misconceptions: One misconception may be the influence of light on germination. I anticipate that many students will explain that the presence of light will be necessary for photosynthesis but at this point in the plant’s life, it is under the soil and leafless and incapable of performing this process; the embryo relies entirely on the endosperm for metabolic fuel (lipids, starches) as well as environmental necessities (oxygen, water and heat).

	LESSON PLAN – 5-E Model 

	ENGAGE:  Opening Activity – Access Prior Learning / Stimulate Interest / Generate Questions: An opening “do now” would be to present to students a bunch of seeds sitting next to a full grown plant (Brassica rapa) and ask them to discuss among themselves “What nutrients and environmental factors did the seed’s embryo need to grow?” Some of the more common student responses would be water, oxygen, fertilizer and sunlight. 
Next, students assemble into teams of four to start researching and designing their Brassica rapa (Wisconsin fast plant) germination protocol. Students will be provided with reading material that describes general germination conditions. Each team fills out an experiment proposal form to submit to the teacher for approval and only then will they be allowed to proceed with the experiment.


	EXPLORE: Lesson Description – Materials Needed / Probing or Clarifying Questions: 
Summary: Students will learn through exploration and observations what a plant needs to germinate. They will learn how to research 

and design a controlled experiment in a collaborative team setting.
Materials: Brassica rapa seeds (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 at least two containers), metric rulers and electronic sensors (measures H2O, temperature, CO2).


	EXPLAIN: Concepts Explained and Vocabulary Defined: 
One important concept the students hopefully grasp by the conclusion of this experiment is that germination is an endothermic process that requires a great deal of constant energy. A second, related concept describes what environmental factors fuel that growth process, such as water to hydrolyze starches to make glucose, the presence of oxygen and heat to speed up those necessary reactions to drive 
the synthesis of adenosine tri-phosphate (ATP).
Key Vocabulary: germination, adenosine tri-phosphate, fertilizer
 

	ELABORATE:  Applications and Extensions: 
1st Experiment:

Day 1 Review with students, what steps an investigator follows during scientific inquiry of a biological phenomenon. Review basic, generic information on germination conditions for any plant.  

Day 2 After 10-15 minutes have been spent discussing how a seed germinates into a plant, allow the student to assemble into teams 

and discuss which variables to use in their experimental design (i.e. temperature, fertilizer, soil wetness, seed depth, atmospheric humidity, seed spacing, light exposure). Student teams re-convene to fill out a proposal form explaining their controlled experiment and materials list.
Day 3 Pending approval of their experiment, student teams assemble their pot (germination experiment).

Days 4-10 (every day) student teams attend to their plants’ needs; use temperature and humidity sensors to quantify environmental conditions. They measure and record stem length and localized atmospheric CO2 concentration. Student teams upload their germination conditions and growth parameters onto a designated Google drive spreadsheet “1st Experiment”.

2nd Experiment:

Day 11 The 1st experimental data will be used by student teams to re-design their protocols; do not tell them that the plant is Brassica rapa. Even though researching the primary literature is an important part to problem solving, you want students to observe data and create their own protocol and not blindly copy someone else’s suggestions. For the best germination results: Lights on all the time and 5–10 cm from growing tip, room temperature ~22°C), soil moist with water all time (reservoir system), 1 oz fertilizer (Osmocote NPK pellets @N/14, P/14, K/14). 
Day 12 Pending approval of their 2nd germination experiment, student teams assemble their new pot (germination experiment).
Days 13-18 (every day) student teams attend to their plants’ needs; use temperature and humidity sensors to quantify environmental conditions. They measure and record stem length and localized atmospheric CO2 concentration. Student teams upload their germination conditions and growth parameters onto a designated Google drive spreadsheet “2nd Experiment”.



	EVALUATE:  
Formative Monitoring (Questioning / Discussion): As a team, the experimental proposal form will be graded for the experiment’s detail, logic, feasibility and proper controls. Students will also be based on team productivity (i.e. conversations, keeping pace with assigned deadlines). 
Summative Assessment (Quiz / Project / Report): Individual grades will be based on their concluding reports (data analysis, reflections 

and content-related questions on germination factors).


	Elaborate Further / Reflect: Enrichment: This 2-3 week activity is an engaging way for students to learn, about the scientific process 

and how the investigator uses both raw experimental data and information from the literature to problem-solve failed experiments or create new ideas.
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