EEI Lesson Plan Worksheet



 


	Date:
 TBD


	Class/Period:  AP Biology (3 class periods)


	Standard and objectives


	Following a simple photosynthesis lab, students will develop hypotheses and design their own experiments to compare photosynthesis in native plants. 

Strand1 - Inquiry Process

Concept 1: Observations, Questions, and Hypotheses - Formulate predictions, questions, or hypotheses based on observations.  Evaluate appropriate resources.

PO 2.  Develop questions from observations that transition into testable hypotheses.

PO 3.  Formulate a testable hypothesis.

PO 4.  Predict the outcome of an investigation based on prior evidence, probability, and/or modeling (not guessing or inferring).

Concept 2: Scientific Testing (Investigating and Modeling) - Design and conduct controlled investigations.

PO 2.  Identify the resources needed to conduct an investigation.

PO 3.  Design an appropriate protocol (written plan of action) for testing a hypothesis.

PO 4.  Conduct a scientific investigation that is based on a research design.

PO 5.  Record observations, notes, sketches, questions, and ideas using tools such as journals, charts, graphs, and computers. 

Concept 3:  Analysis, Conclusions, and Refinements - Evaluate experimental design, analyze data to explain results and propose further investigations.  Design models.
PO 1.  Interpret data that show a variety of possible relationships between variables.

PO 2.  Evaluate whether investigational data support or do not support the proposed hypothesis.

PO 3.  Critique reports of scientific studies (e.g., published papers, student reports).

PO 4.  Evaluate the design of an investigation to identify possible sources of procedural error.

PO 7.  Propose further investigations based on the findings of a conducted investigation. 

Concept 4: Communication - Communicate results of investigations.

PO 1.  For a specific investigation, choose an appropriate method for communicating the results.

PO 2.  Produce graphs that communicate data.  

PO 3.  Communicate results clearly and logically.  

PO 4.  Support conclusions with logical scientific arguments. 

Strand 4: Life Science

Concept 5:  Matter, Energy, and Organization in Living Systems (Including Human Systems) - Understand the organization of living systems, and the role of energy within those systems.

PO 1.   Compare the processes of photosynthesis and cellular respiration in terms of energy flow, reactants, and products.



	Set

· Active Participation

· Past Experience

· Relevancy
	Bellwork (on screen; Day One): Get together with your lab partners and discuss the photosynthesis experiments you carried out. How can you improve the techniques you used? How do you think your results might be different if you repeated your experiments with chloroplasts from different plants?

(Day Two): Review with your group and be prepared to share your hypothesis. 

(Day Three): What kind of graph(s) do you plan to use to present your results? What will the x-axis and y-axis labels be? What units of measurement did you use?

	Lesson Overview

· Four Teacher Actions

(Direct Instruction)

· Information

· Response

· Activities

· Questions

· Guided Practice

· Independent Practice

· Active Participation


	1. Students (3-4 students per lab group) brainstorm ideas for comparing photosynthesis activity of native plants to that measured in the previous experiment. Plant tissue samples will be obtained primarily from plants on the school grounds or nearby. Possibilities include both native and non-native desert-adapted plants of several functional types. For some, chloroplast isolation will be straightforward, but others will present some challenges, increasing the realism of the research.
2. Each student group develops a prediction/hypothesis about differences in photosynthesis between spinach chloroplasts and those from desert plants. Desert adaptations have not yet been discussed in AP Biology, but many students will have some prior knowledge of general desert plant adaptations and biochemistry (C3 vs. C4 vs. CAM plants, etc.).
3. Student groups write up an experimental procedure and list of materials needed. Students have standard lab report format, and previous experimental design experience. It is expected they will carry out variations of the spinach chloroplast experiment, but they have the freedom to go in different directions.
4. Each group carries out their experiment and evaluates their hypothesis including a discussion of problems that occurred and possible improvements to their chosen method. 
5. Each group presents their results to the class using the electronic medium of their choice.
Teacher introduces the activity and monitors and guides discussion and progress when needed. 

	Closure

· Active Participation

· Student Summary

· Relevancy


	Day One: “Stop for a moment and think about where you are in the planning process today. Write up a quick outline of what you need to accomplish before carrying out your experiment. Is there anything you can do outside of class to do this? Do you have all the supplies you need to carry out your experiment?”

Day Two: “How did your results compare to the measurements we obtained from spinach? How did your results relate to your predictions? What challenges did you run in to? What can you do to test your ideas further?”

Day Three: “Think about the experiments you just carried out. What do you think would change if we could test photosynthesis in whole leaves or whole plants instead of isolated chloroplasts?”

	Assessment


	Monitor discussions for level of understanding. 

Research plans evaluated before experiments begin.

Formal lab report of resulting experiment will be submitted.


