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Discipline:
Biological Sciences
Target Audience
Introductory, majors 
Keywords
Creation, evolution, human evolution, paleontology, phylogeny, ice-breaker
Length of Time/Staging
One week, problem/activity in several stages for use at the beginning of a course
Abstract
While most students take a position for or against evolution, few actually understand the concept of natural selection or appreciate the idea of descent with modification. This problem/activity challenges students to provide structured arguments and evidence for their belief-based conclusions on either side of the creation-evolution issue. The "right answer" is insufficient without support. The problem focuses on characteristics of human ancestors (e.g. scales) rather than the ancestors themselves (e.g. fish or reptiles), requires students to use the library and/or Internet resources, and gives them practice with oral and written communication skills. It introduces PBL (ice-breaker) in a way that emphasizes both content and process.
Date Submitted
6/24/2001
Date Published
7/27/2001
Format of Delivery
Integrated individual, small group, and whole class activities, without group facilitators.
Student Learning Objectives
1. To examine personal understanding and beliefs about evolution.
2. To practice constructing logical written and oral arguments based on evidence.
3. To find relevant resources in the library and on the Internet.
4. To initiate group activities with a positive experience.
5. To establish expectations for in-depth learning and understanding.
6. To reflect on and learn about at least one aspect of human evolution.
7. To provide a brief biological and paleontological context for subsequent molecular evolution topics in the course.
8. To understand the distinction between primitive and derived characters
Student Resources
Course textbook on biology or evolution. In addition students are expected to use the library and find useful Internet sites on their own. Depending on the learning maturity of the students, the problem/activity can be lengthened to provide help with these skills.
[bookmark: _za4kso1ejrzi]Instructor Resources
Knuckle walking: Richmond, B. G. and Strait, D. S. (2000) Evidence that humans evolved from a knuckle-walking ancestor. Nature. 404, 382 - 385. (see also commentary in Nature 404, 339-340.)
Wings: Bailey, W. J., Slightom, J. L. and Goodman, M. (1992) Rejection of the "flying primate" hypothesis by phylogenetic evidence from the ,-globin gene. Science 256, 86-89.
Author's Teaching Notes
I have taught an upper-level course in biochemical evolution every other year for more than two decades. The course content has changed over the years as has my teaching philosophy. No longer do I try to cover everything in a content-laden lecture series, because I found it impossible to keep incorporating all the new and exciting material. Furthermore, I found students tended to accept my word without understanding the underlying evidence. I decided it would be better for my students to really understand a few things in depth. By providing them with the opportunity to learn more than me about some subjects, it would enable them to challenge my authority and would serve as a solid foundation for their continued learning. Consequently, I adopted and adapted a problem-based learning approach for Biochemical Evolution in 1993. The literature of evolutionary research provides a rich source of the real-world problems for a course using a problem-based learning approach of which seven follow the Roots problem.
I doubt that I have ever taught Biochemical Evolution to a class that did not include at least one student with creationist views. I welcome these students because I feel it is important they have the opportunity to learn about and confront the evidence and to understand the nature of scientific controversy. The Roots problem deals with the creation/evolution issue at the beginning of the course and connects with what students know or think they know. At this point, I am not interested in the "right" answer per se. Rather, I am interested in well-documented arguments that support or refute the hypotheses that human ancestors had particular traits we no longer possess. The students have to spend time in the library and on the Internet because the questions are not framed in a way that textbooks will answer. Ideally they will explore the nature, relative importance, and reliability of the evidence relating to the trait they select. The research assignment provides individual accountability. They also must discuss the issues extensively with their peers in an environment considerably less threatening than trying to disagree with a professor in a classroom setting during the first week of class. I use the observations of individuals in their groups and their performance on this assignment as a basis for assigning students to permanent groups during the second week.
The numbers in the following table represent the initial responses of students who took successive offerings of the course in the fall of 1995, 1997, and 2000. For most items in most years, there was sufficient uncertainty or disagreement to generate discussion in all groups. My best judgement, which differs from the majority for several of the characteristics (3, 4, 5, 7, and 8), was not revealed to the students.
	Non-human Characteristic (Hypothesis)
Present in Human Ancestor?

	 
	 
	#/#/# represents results from
1995/1997/2000
	yes
	no
	not
sure

	 

	1.
	 
	Unicellular
	13/16/7
	2/0/0
	0/0/0

	2.
	 
	Aquatic
	10/14/5
	3/0/0
	2/2/2

	3.
	 
	Prehensile tail
	12/11/7
	2/2/0
	1/3/0

	4.
	 
	Scales
	4/1/1
	2/10/3
	 9/5/3

	5.
	 
	Photosynthetic
	3/3/0
	9/13/6
	3/0/1

	6.
	 
	Anaerobic
	10/6/3
	5/6/0
	0/4/4

	7.
	 
	Knuckle walker
	12/12/3
	1/1/1
	 2/3/3

	8.
	 
	Egg laying
	6/3/2
	4/8/3
	5/5/2

	9.
	 
	Asexual
	10/11/6
	4/3/1
	1/2/0

	10.
	 
	Wings
	2/1/0
	  13/14/7
	0/1/0

	11.
	 
	Chitinous exoskeleton
	4/1/0
	  10/12/7
	 1/3/0


The Roots problem has proved to be effective. It sets the tone for the whole course. Although the subsequent problems in this course relate to molecular aspects of evolution, I think the problem could be used in a variety of contexts and might be extended for lower-level students.
The students evaluated the case study problems at the end of the course. Thirty-five of the 39 students who took the course in 1995, 1997, and 2000 completed the final course evaluation. Nine students reported spending less than 5 hours on this problem outside of class, 14 reported spending 5 to 10 hours, 9 reported between 10 and 20 hours, and two students reported spending more than 20 hours. Compared to the other problems in the course, the students found this problem to be the least challenging intellectually, giving it 2.64, 3.23, and 3.71 ratings on a scale where 1 was "very challenging" and 5 was "trivial." All but four of the students found the problem moderately to very interesting. For the first two offerings, they found it valuable in promoting group discussion and interaction, giving it 2.07 and 2.00 ratings on a scale where 1 was "excellent" and 5 was "poor." In 2000 with a smaller class and an 8 AM meeting time, the rating was 3.00.
An important aspect of this activity is that it puts students on both sides of the issue on notice that belief is not enough in a science course. Students used to asserting that evolution is a fact without much understanding, have to provide evidence and be able to defend it. Similarly, students who have creationist beliefs must examine them in light of a literature they often have not encountered.
[bookmark: _4blgcdbqvye8]Assessment Strategies
Because this is the first assignment of the semester and because the criteria for evaluation emphasize understanding and construction of logical arguments based on evidence, it is useful to grade the assignment rigorously but offer students an opportunity to redo it. In my experience, students need help in developing logical arguments. They have been conditioned to think that the "right" answer with a reference is sufficient. Whether or not revision is encouraged, I have found that a brief excursion into plane geometry helps students understand the idea of a logical argument. I go through the proof that the interior angles of a triangle sum to 180°. Other examples would serve the same purpose.
I do not have data on whether students of either persuasion have changed their views as a result of this exercise or the course. However, in 1995 Phillip Johnson, a current authority with creationist views, presented a public lecture to a large campus audience during the semester. Many of the students in the class were able to attend. During the class discussion following Johnson's lecture, it was clear that the students were highly critical of Johnson's superficial knowledge of science. In particular they were disappointed and astounded by his garbled response to a question about the implications of the many congruent phylogenies generated from the analysis of a variety of orthologous DNA sequences. Their critique was so strong that I found myself playing devil's advocate. The scenario was repeated in 1997 when Michael Behe, a biochemist and leading proponent of evolution by intelligent design, spoke on campus. In both cases, the students had become independent authorities. I was pleased. As J. B. S. Haldane (1924) wrote, "...it is the whole business of a university teacher is to induce people to think."
[bookmark: _ykgdoocyu64w]Solution Notes
As indicated, a major objective of this problem/activity is to have students evaluate information and construct a logical argument. For some of the characteristics, there is still legitimate controversy, e.g.whether there were knuckle-walking or winged human ancestors. (See Instructor Resources.) For others, there is clear consensus. Thus the nature of the arguments, the relevant information, and degree of consensus will vary. Perhaps the most instructive characteristics are those where students have consensus initially but it is at odds with the authorities, e.g. photosynthesis and prehensile tail.
An overwhelming majority of students initially accept the idea of having an ancestor with a prehensile tail (Item 3). That comes undoubtedly from the widely-held "ladder" view of evolution that humans evolved from monkeys. However, prehensile tails are a derived characteristic of New World monkeys that evolved after a common ancestry with the human lineage. Because the misconception is so widely held, it is not uncommon for this topic to go undiscussed in the class. The instructor may suggest this as a topic for someone at the end of the first day or use it as a topic for whole class discussion on the second day. A thorough discussion would include an awareness of prehensile tails in pangolins, opossums, chameleons, and sea horses and whether these instances were derived or primitive. It is also a place to discuss convergent versus divergent evolution.
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