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Lesson Planning Template 
COSMOS EDUCATIONAL TOOLKIT: Using sensors to measure temperature’s influence on pill bug respiration
	Grade/ Grade Band: 9th
	Topic: temperature affects respiration
	Lesson # __2__ in a series of __4__ lessons

	Brief Lesson Description:  Students will implement the carbon dioxide (CO2), temperature sensors to measure how the rate of cellular respiration (ATP production) is affected.

	Specific Learning Outcomes: Students will be able to explain the basic principle of cellular respiration and how changes in temperature affect the rate of adenosine tri-phosphate (ATP) production via increased random collisions.  Furthermore, students will be able to collect data with the wireless sensors, design a controlled experiment and assess results and reflect on protocols.
   

	Narrative / Background Information 

	Prior Student Knowledge Required: Students should have a basic understanding of why cells respire and produce ATP. 
They should also understand the purpose and role enzymes play in the cell; facilitating and accelerating reactions. 

	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: 
Cellular respiration is a process by which 
the cell converts glucose, in the presence 
of oxygen, into ATP.
Temperature, or more specifically heat, speeds up a reaction by increasing the collision rate between enzymes and their substrates.
	Possible Multidisciplinary Concepts:  
Mathematics will be implemented in this project whereby students are required to calculate the plant’s total leaf surface area. 



	Possible Preconceptions/Misconceptions: Students may wrongly assume that the detritivore, Pill bug, enjoys a great deal of sunlight 
exposure like they do, not realizing that too much sunlight and heat mean too much water loss and possible death.

	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 an image of a pill bug along with several different environments (i.e. dark forest floor, open grassy field, rocky bank by a brook) and ask the students to explain which environment conditions the pill bug would prefer 
to inhabit. 

	EXPLORE: Lesson Description – Materials Needed / Probing or Clarifying Questions: 
Summary: Students study how the environment (i.e. temperature) affects critical cellular processes, such as respiration, of a detritivore (Armadillidiidae vulgare). 
They first will determine the optimal habitat conditions (i.e. humidity, soil wetness, soil pH) for the pill bug’s habitat. Once these parameters have been identified they next study how detritivores respond to fluctuating temperatures with the use of an electric,    wireless carbon dioxide (CO2) measuring sensor. Respiration is a process whereby the reactants, glucose and oxygen are processed to produce adenosine tri-phosphate (ATP), the preferred form of energy that drives endothermic reactions in your cells (i.e. protein synthesis).
Materials (per 4 student teams): 10 Pill bugs, several cups (or larger enclosable containers), different kinds of soil, tap water, refrigerator, 37C incubator and CO2 wireless sensor. 

	EXPLAIN: Concepts Explained and Vocabulary Defined: 
One important concept the students hopefully grasp by the conclusion of this experiment is that respiration is a critical process, generating adenosine tri-phosphate (ATP), the preferred energy for fueling metabolic reactions. requires a great deal of constant energy. 
A second, related concept is how an environmental factor, such as heat, will affect the rate of ATP production through increased random collisions of those involved molecules.
Key Vocabulary: cell respiration, reactant, product, enzyme, random collision

	ELABORATE:  Applications and Extensions: 
Experiment #1 (Armadillidium vulgare habitat setup)                                                                                                           

Based on this passage and the information provided in the resources above you and your teammates 
should be able to construct a habitat for this model organism

Add up the total number of Pill bugs over the 5 min observational period for this experiment, 
the team that records the highest number of Pill bug visits (100% preference = 100 if you are using 10 individuals).

Each team should share out their recommendations for optimal Pill bug habitat; there will be a final vote will be taken.

Experiment #2 (temperature’s effect on cellular respiration) 

You will be assigned a temperature for this portion of the project (4C, 22C, 37C).

Attach the temperature and carbon dioxide (CO2) sensors to the wall of your cup 

Final Report: temperature’s influence on pill bug respiration


	EVALUATE:  Students will be graded in many ways; laboratory portion (constructing a Pill bug habitat) 
and content (cell respiration reactants and products; temperature’s effects on a reaction)
Formative Monitoring (Questioning / Discussion): As a team, they will be graded on how they set-up the experiment, 
gather and assess their Pill bug terrarium and temperature-respiration data. 

Summative Assessment (Quiz / Project / Report): As individuals, they will be graded on the accuracy and details 
of their homework, quiz and concluding reports.


	Elaborate Further / Reflect: Enrichment: This activity is an engaging way for students to identify the dramatic way the environment can influence the rate of cellular respiration of the Pill bug. Students will enjoy using their wireless sensors to collect CO2 emissions data and identify the bell-shaped curve relationship with increasing temperature.
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