Module 2 supplement - Lesson plan

Groups to Individuals (Cooperation with Physarum polycephalum) 

Description: In this module, students will examine the slime mold Physarum polycephalum. Different chemicals may be tested to examine the organism’s cooperative abilities and preferences. If a food source or favorable chemical signal is detected, P. polycephalum will form a large group of many individual cells aggregating together. This level of cooperation demonstrates that the potential for group benefits can be larger than that of the temptation for individual gain. By combining efforts through cooperative behavior, tasks thought to be impossible by one individual can be achieved by the group. It has also been shown that through cooperative efforts of individual cells the slime mold can navigate through, or around, an obstacle in search of food (Nakagaki et al., 2000). Creating a maze or labyrinth on a Petri dish would be an intriguing class demonstration for further discussion.
Materials: 

· Petri dishes with 2% growth agar
· Slime mold cultures (Physarum polycephalum)
· Wards
· Carolina 
· Oats
· Different types and sizes of potential barriers 

· Sharpie markers for labeling Petri dishes
· Rulers
· Lab handout (sup2_activity.doc)
· Lab camera or individual student cameras
· Poster board, construction paper, computer access, etc. for presentations
· Compound and/or dissecting microscopes

Terminal Objective: 

Students will design a lab testing the cooperative abilities of the slime mold P. polycephalum.  Working in cooperative groups, students will be able to disseminate lab results (in a manner approved by the teacher but not designated to any specific format) to a group of their peers. 

Key Terms: 

· Active transport

· Benefit

· Cooperation
· Conflict

· Cost

· Eukaryote

· Fitness

· Individual

· Inference

· Multicellular

· Passive transport

· Prokaryote

· Slime mold

· Specialization

· Unicellular

Lesson sequence:

This lesson was designed to span the course of several days concurrent with instruction on cellular organelles and/or cell processes such as osmosis, diffusion, and transport mechanisms. Lab groups of 2 are possible, although, with available resources, students will be able to work together and accomplish the same tasks in groups of 3-4. 

2S.1 

Bellwork:  We know a single person can build a car. So why are assembly lines used more often to build cars than just one person? What benefits and drawbacks are there to building a car alone and building it in a huge assembly line? 

Discussion of Bellwork:  This lab demonstrates that when individuals come together, they can accomplish tasks that were unavailable to individuals. However, they give up their individuality and in doing so incur a cost to themselves, but gain a larger benefit from the group.

 A point of discussion for the car analogy would be the differences between a vehicle handmade by Bentley opposed to an assembly line built car from Chevrolet or Ford. Bentleys are some of the most expensive cars in the world, and they are very uncommon. They take a long time to produce and therefore demand a larger price tag. Chevrolet and Ford automobiles are built on assembly lines and one can imagine several hundred are built each day. They are much more common and cheaper to purchase. 

Transition/Set the Stage: Students are informed about the lab and assigned to groups of 2-4 (depending on lab resources). The daily objective is restated in student friendly language and is written on the board and said aloud. 

Exploration:  Each lab group will be given one Petri dish and told to label it with a Sharpie.  Each group will set up their own dish and create a hypothesis based on the experimental design. The teacher will distribute samples of P. polycephalum and oats to one member of each group after their lab design is written out on a separate sheet of paper (or in lab books).  

Discussion within Groups:  Every member of the group keeps his or her own data and writes up their own answers to questions. Each day a member of the group is responsible for taking a photograph of their plate which will be used later for their results. Plates are then set up and set in a growing chamber in the dark. 

Intermittent Closure:  What are the main parts of the scientific method? What information do you need to gather in order to present an experiment to a group of peers? Where do you currently exist in this lab? How are you going to gather quantitative and qualitative data?  How will you present this data? 

2S.2 
Link to the Next Lesson:  Day 2 should consist of students looking at their samples, taking qualitative and quantitative observations, taking pictures, and writing down data on for the group. The beginning steps of a presentation format should take form after or while students are examining their sample. This may continue for several more days depending upon the experiments created by the students. 

Plan for Evaluation:  Student presentations will be evaluated with a rubric similar to that of the lab handout. A group grade will be given as well as an individual grade. This will ideally influence group cooperation and make another analogy of cooperation as being beneficial.  
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