Lesson Plan for: GLY3603C: Geobiology
Functional Morphology: Philosophy and Methodology

Utilizing the Conceptual Change Model

Section of Course: Functional Morphology

Purpose of Exercise: Provide students with an appreciation of the importance of using a rigorous scientific approach to the study of functional morphology.  Students are asked to intuitively interpret the function of fossil skeletal morphologies.  From this they identify a variety of genuine methodologies used in functional morphology, appreciate the importance of using multiple approaches, and realize how easy it is to generate untested hypotheses of function (i.e., adaptive storytelling).
Materials: Class breaks up into 4 groups of 4 students.  Each is presented with a fossil or shell from an invertebrate animal.  The shells provided: (1) modern Nautilus, sliced laterally to show the chamber walls; (2) Archimedes bryozoan, just the helically spiraled core of a colony; (3) fossil scaphopod; and (4) fossil gastropod with spines along the apertural lip.  Only the group with the gastropod should know the phylogenic affinity of the fossil: tell this group the shell is of a gastropod.  The groups with the Archimedes and the scaphopod are asked to interpret the function of the entire shell; they should not be told whether or not the entire skeleton is represented.  The Nautilus group is asked to consider the function of the chamber walls.  The group with the gastropod is asked to consider the function of just the spines.
Procedure: 

1. The groups are asked, based on their intuition, to interpret the function of their shell or structure.  (5 mins)

2. Without inquiring about their specific interpretations, the groups are then asked to think about what methodologies, philosophies, or logical approaches were utilized to make functional inferences.  (5 mins)

3. Each group reports back.

4. On the board generate a list of the approaches identified.  These should reflect many of the formal methods recognized within the discipline.  Note how interpretations are tenuous or flawed when based on merely one approach; also note mistaken functions because of wrong assumptions or misapplied methods.  (10 mins)

5. Follow this with a short lecture / discussion reviewing the formal methods employed in functional morphology.

	
	
	Teacher Actions

	Analysis
	Commit to an Outcome
	· In groups, ask students to: first, interpret the function of the skeleton or skeletal structure; and second, to identify the methodologies, philosophies, or logical approaches used to infer function.


	
	Expose Beliefs
	· Have students discuss their ideas within groups.

· Have students report back their functions and approaches.

· Generate a list of those approaches on board using the taxonomy of methodologies used in the discipline.


	Discovery
	Confront Beliefs
	· Note which functions were incorrect and why a mistake was made: flawed assumption; reliance upon just one method; etc.
· For correct functional interpretations, note why these were successful: multiple approaches used; luck; etc.
· Note how functional interpretation can be nothing more than adaptive storytelling.


	Synthesis
	Accommodate the Concept
	· Exercise should emphasize the importance of a consilient approach to functional morphology and the concept of plausibility.


	
	Extend the Concept
	· Use this to transition to a formal consideration of the methodologies used in functional morphology.




Assessment:

1. This first application of this relatively simple inquiry-based exercise went very well.  Students managed to fall into all the pit-traps I had hoped they would.  For example, mechanical analogy was used to interpret the Archimedes skeleton without recognizing that portions of the skeleton were missing and without knowing the phylogenetic affinity of the fossil.  Here they interpreted the animal as a burrower.  The group with the gastropod wrongly affiliated the fossil with echinoderms and interpreted the spine grooves as part of a tube-feet system.
2. This withstanding, the group did identify many of the methodologies employed in functional morphology, including: a. Comparison against known extant morphologies by analogy (not knowing the phylogenetic affinity); b. Comparison against know extant morphologies by homology (knowing phylogeny); c. Comparison against an engineered structure or feature.  In addition, they concluded that morphology can be an unintended consequence of growth and not necessarily have a functional purpose, and that observation and imagination are needed to generate functional hypotheses.

3. The choice of the 4 fossils / shells was perfect.  I would repeat the exercise with the same collection.

4. The exercise was time effective.  I had hoped to wrap the exercise up in 10 minutes, when it actually consumed 20 minutes.  In retrospect, the greater time investment was worthwhile.
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