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ABSTRACT

Science educators at the University of Texas at Austin, in association with researchers from the VaNTH-ERC and secondary teachers from the Austin Independent School District (AISD) have been working on curriculum for K-12 applications that address issues of bioethics.  One such product, entitled “The Bioethics LEGACY Challenge,” is the focus of this paper. The Bioethics LEGACY Challenge, which was designed collaboratively by researchers and teachers, is a curricular unit in which students decide whether or not a research application for a project investigating the feasibility of human organ transplants from higher primates should be approved. During the summer of 2003, the Bioethics unit was pilot tested in a summer school Biology session for students in AISD. Data collected included open-response pre- and post-measures, additional student artifacts, and field notes. Data were analyzed by comparison to ethical reasoning strategies proposed by McQuaide et al. (1999). Data from the pilot study suggest that the Bioethics LEGACY Challenge was helpful in encouraging the development of bioethical reasoning skills in students. Future research is also discussed. 
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The recent growth in the fields of biomedical, bioengineering, and biotechnology research has created an unprecedented need for our society to confront the new and challenging ethical implications that arise (McGee et al., 2003).  In order to prepare our society’s members to meet these new challenges, our society’s K-12 educational system must adapt to support this need.  As such, it is becoming more and more important to include issues of bioethics in our biological sciences curricula.  Adhering to emerging design principles from the learning sciences can provide new and adaptable ways of creating curricula to meet these needs. 

Researchers from the VaNTH-ERC, a National Science Foundation supported research program aimed at developing new educational technologies for bioengineering and comprised of researchers from Vanderbilt University, Northwestern University, the University of Texas at Austin, and the Harvard-MIT School of Health, Science, and Technology, have taken seriously the need for bioethics instruction on the undergraduate level.  By embedding bioethics content into bioengineering content, VaNTH researchers have attempted to broaden the scope of student exposure to bioethics.  At the University of Texas at Austin, we have been working on expanding this line of research to be used in K-12 environments.  Through a project entitled: VaNTH: Partnerships in Education and Research (PER), we have partnered with secondary teachers from the Austin Independent School District to create and develop, among other things, curricular materials that address issues of bioethics.  One such product, entitled “The Bioethics LEGACY Challenge,” is the focus of the present study.

The Bioethics LEGACY Challenge is a problem-based unit that was developed for 9th grade Biology students.  Our design process for developing the unit involved multiple iterations of reflection and revision, during which we incorporated feedback received from Education faculty members at the University of Texas at Austin, from in-service teachers in the Austin Independent School District, and from a nationally recognized expert in the field of bioethics.  In order to assess the utility of the unit in fostering bioethical decision-making skills, the unit was pilot tested in June of 2003 in a small summer school Biology classroom comprised of students who had partially or completely failed 9th grade Biology during the previous (2002-2003) school year.

The unique needs of these students provided an ideal opportunity for us to measure student interaction with the curriculum materials as well as student learning.  Vath acted as both teacher and researcher during the pilot testing. Though originally designed for a normal term classroom, the intensive two-day lesson sequence that the students participated in proved to be a fertile environment for facilitated discussions and student engagement with the web-based resources provided in the unit.  Overall, we found evidence that the students displayed a greater range and depth of reasoning after their experience with the unit, and that the problem-based approach of the unit was helpful for the students to frame their understanding of bioethics.

In this paper, we will discuss some of our rationale for building curriculum materials that address the domain of bioethics as well as adhere to some principles from the learning sciences.  We will discuss the design process that we engaged in to develop the unit, and we will discuss the pilot study in more detail.  Implications for curricular development and teaching of bioethics at the secondary level are also discussed.  Finally, further needed research in this area will be discussed.

Why Bioethics?

“Bioethical dilemmas, once rare, are now commonplace, in part because new medical technologies have outpaced our ability to understand their implications (Guyer, et al., 2000).”
As a result of recent, unparalleled advances in the fields of bioengineering and biotechnology, the need for thoughtful engagement in bioethical decision-making has grown increasingly urgent.  This need extends beyond the professional communities of the bioengineering and biotechnology industries to include all members of society, because the burden of establishing accepted practice falls on us all.  In order to meet this burden, it is critical that the members of our society are intellectually prepared.  Assuring this preparedness is the responsibility of our education system.

The National Academy of Sciences has recently identified this responsibility in a broad sense in its National Science Education Standards (National Academy of Sciences, 1996).  These standards provide content benchmarks for educators, and they emphasize the need to address “science and technology in local, national, and global challenges.”  Specifically, they point out that:

· Science and technology are essential social enterprises, but alone they can only indicate what can happen, not what should happen. The latter involves human decisions about the use of knowledge.

· Understanding basic concepts and principles of science and technology should precede active debate about the economics, policies, politics, and ethics of various science- and technology-related challenges. However, understanding science alone will not resolve local, national, or global challenges. 

· Progress in science and technology can be affected by social issues and challenges. Funding priorities for specific health problems serve as examples of ways that social issues influence science and technology. 

· Individuals and society must decide on proposals involving new research and the introduction of new technologies into society. Decisions involve assessment of alternatives, risks, costs, and benefits and consideration of who benefits and who suffers, who pays and gains, and what the risks are and who bears them. Students should understand the appropriateness and value of basic questions--"What can happen?"--"What are the odds?"--and "How do scientists and engineers know what will happen?" (National Academy of Sciences, 1996).

In order to achieve the goals set forth in these standards, it is critical that we take seriously the need for including ethical content in our science and technology courses.  By ethical content, we are referring both to the philosophical notion of ethics as well as to the reasoning and decision-making skills needed in ethical decision-making.  Understanding the implications of technological advancements in science on our society requires first an understanding of the science itself.  As a result, it is important to address the ethical content within the context of the relevant science, and not separate from (Asada et al., 1996; DeHann, 1997).  In doing so, the learner becomes better prepared to identify certain ethical implications in novel situations (DeHann, 1997; Bransford, Brown and Cocking, 2000).

Bioethics: An Ill-structured Knowledge Domain

The domain of Bioethics consists of the collection of emerging moral issues, and the ethical analysis of these issues, related to human heath and biological systems (McGee et al., 2002).  By ethical analysis, we mean the application of principles that define behavior as right, good and proper. These principles are determined by the value system of an individual or, as in the case of bioethical analysis, by the negotiated value system of the larger community.  Such principles do not always dictate a single "moral" course of action, but provide a means of evaluating and deciding among competing options (Bird, 2002). 

Changes in the domain of bioethics arise as innovations in the biological (and related) sciences raise new moral issues to be addressed, thus creating a need for further ethical analysis.  As such, the domain of bioethics can also be described as the intersection between the domain of the biological sciences and the domain of ethics.  As these independent knowledge domains continue to grow larger as the result of new academic endeavors, the intersection between them shifts and grows dynamically.  As such, the knowledge domain of bioethics is a constantly shifting one, whose changes are affected by both the changes in the domain of the biological sciences as well as in the domain of ethics.

Cognitive scientists draw distinctions between different types of knowledge domains based on their internal structure.  An ill-structured knowledge domain is characterized as one in which no single concept, or even a small number of conceptual elements, is sufficient for capturing the workings of a typical instance of knowledge application.  Further, the patterns of applicability between sets of concepts or instances of knowledge application to which they are pertinent are irregular (Spiro et al., 1988).  Put more simply, the relationship between conceptual knowledge within an ill-structured domain and specific instances of application of that knowledge is not said to be regular, and as such the internal structure of the knowledge domain is not well-defined.  Within such an ill-structured domain, problem solving is also said to be ill-structured because single and consistent solutions for a particular problem are seldom found.  In other words, the solution space for a particular problem within an ill-structured domain does not have clearly defined boundaries and thus there seldom exists a single solution to such a problem (Bruer, 1993).

Because of the shifting and complex nature of the domain of bioethics, it is said to be an ill-structured knowledge domain (McQuaide et al., 1999).  As a result, problem solving (in this case, ethical decision-making) within this complex and weak analytic domain is also said to be ill-structured.  As a consequence of these characteristics, education aimed at developing competence in the domain of bioethics faces a unique challenge.  But, as researchers point out (Koschmann et al., 1996; Williams, 1993; Bransford and Schwartz, 1999; Bransford, Brown and Cocking, 2000), it is possible to structure learning environments in such a way as to foster and support the learning of ill-structured domains like bioethics as long as the learner is given opportunities to learn the relevant conceptual knowledge in context and be exposed to contrasting cases within the domain.  These characteristics of learning environments are further explored in the next section.

Bioethics Instruction: A PBL Model
Much of the recent work on bioethics instruction has been characterized by the use of casuistry - the use of case studies (Arras, 1991; Lundmark, 2002; Guyer et al., 2000).  By presenting the learner with multiple and contrasting cases that, combined, describe an ill-structured domain such as bioethics, the better the learner will become aware of the complex relationships between specific concepts and situations within that domain (Bransford, 1989).  As Arras (1991) and Williams (1992) point out, the use of case studies in education – or case-based instruction - is more effective if used in a principled way that is consistent with modern educational theory.  Such an approach considers the following things when engaging in case-based instruction: 1) the use of authentic and realistically complex cases, whenever possible; 2) opportunity for teacher modeling of problem solving in the context of presented cases; 3) student opportunity to actively engage in problem solving; and 4) scaffolding and formative assessment opportunities for the student (Williams, 1992; Arras, 1991).

Williams (1992) also points out that the benefits of case-based instruction can be achieved in problem-based learning (hereafter, referred to as PBL) environments that situate instruction in authentic contexts.  This type of situated learning environment is also beneficial because the real-life applicability of the acquired knowledge tends to increase student motivation (Bransford et al., 2002).  Research also suggests that PBL environments are supportive of learning ill-structured domains (Koschmann et al., 1996).  To achieve this, however, PBL environments need to be designed around authentic and engaging anchors (problems), and teachers and/or the curriculum materials need to support student learning by taking on the role of “coach.”  This role is defined as being able to provide students with metacognitive support as well as appropriate scaffolding as they engage in the PBL environment (Torp & Sage, 1998).

One way of structuring PBL environments to be supportive of these needs is by using a scaffolding framework called the LEGACY Cycle (Schwartz et al., 1999).  The LEGACY cycle is an instructional model that emphasizes inquiry and is uniquely supportive of PBL environments.  In a LEGACY cycle, learners are faced with complex challenges, and they are provided with learning activities/resources that allow them to compare their existing knowledge with new learning resources.  Use of the LEGACY cycle framework provides flexibly adaptive instruction that facilitates student problem-based learning through integrating four types of learning environments (learner-centered, knowledge-centered, assessment-centered, and community-centered).  As a learner-centered environment, LEGACY helps to focus on the learners' prior knowledge, skills, and attitudes that they bring to the situation.  As a knowledge-centered environment Legacy helps focus content on knowledge organized around key concepts, big ideas, or major understandings that support learning in the discipline.  As an assessment-centered environment, Legacy helps make student thinking visible so both learner and teacher can assess and revise understanding.  Finally, as a community-centered environment, Legacy helps create a sense of collaboration among students and other members of the community (Schwartz et al., 1999; Bransford, Brown and Cocking, 2000).

By using the LEGACY cycle framework to build PBL curricular materials, then, we can provide learners with powerful and supportive opportunities for learning ill-structured domains such as bioethics.  In the following section, we describe how we might characterize bioethical reasoning – the central learning goal for bioethics instruction.
Bioethical Reasoning: A Framework

Decision-making in bioethics occurs when an individual or group of individuals confronts a bioethical dilemma that requires that a choice be made between two or more seemingly conflicting outcomes.  Often, there are both positive and negative consequences to each of these possible outcomes.  As such, these dilemmas center around what we might call “right versus right” arguments rather than “right versus wrong” arguments (Kidder, 1995).  Kidder (1995) states that in the world of ethical decision-making, there are some dilemmas that are so common to our collective experiences that they stand out as models, or paradigms.  Of these, three are particularly germane to the area of bioethics:

1) Individual vs. community:  in this paradigm, the needs and interests of the individual are weighed against the needs and interests of the community.

2) Short-term vs. long-term:  in this paradigm, the costs and benefits that will arise in the short-term are weighed against the costs and benefits that will arise in the long-term. 

3) Justice vs. mercy:  in this paradigm, the need for exacting appropriate justice is weighed against the need to show appropriate mercy (Kidder, 1995). 

Each of these paradigms characterizes a unique struggle between competing values.  As such, ethical problems are framed by the individual according to one of these paradigms.  In order for an individual to arrive at a decision regarding a dilemma of this kind, he or she will have to engage in some type of reasoning strategy to make clear what kinds of things will be considered and valued in making the decision.  It is critical, then, that the reasoning strategies employed provide the individual with helpful ways of evaluating relevant information to the dilemma being considered (McQuaide et al., 1999).  

This is where instruction can play a role.  By encouraging more sophisticated ethical reasoning strategies, we as educators can help foster learners as they become prepared to engage in challenging bioethical decision-making. The ethical reasoning strategies that are used to make decisions tend to fall under three broad categories: 

Ends-based:  Ends-based reasoning assumes that right and wrong can be determined by outcomes alone.  Put another way, ends-based reasoning operates on the principle of the “greatest good for the greatest number.” Also referred to as “utilitarianism” or “consequentialism.

Rule-based:  Rule-based reasoning is guided by universal principles of right and wrong.  Under rule-based reasoning, certain actions or decisions are deemed either right and wrong, and these actions or decisions remain right or wrong independent of the circumstances.

Care-based:  Care-based reasoning uses concern for others as the guiding 

principles of right and wrong.  (McQuaide et al., 1999).   

Which category of reasoning strategies a person uses to address an ethical dilemma will vary according to that person’s unique value system.  But it is important to note that an adherence to a particular category of ethical reasoning strategies can create some uniformity across different paradigms.  For example, if an individual faced both a Justice vs. mercy model dilemma and a Short-term vs. long-term model dilemma using a “Rules-based approach,” it is likely that he or she will consider and weigh the same types of things in both cases.  

If we accept Kidder’s notion that nearly all ethical dilemmas that one might face can be reduced to one of the paradigm dilemmas, then it is clear that nearly all bioethical dilemmas can be described by one of the paradigm dilemmas as well.  We also have seen that by utilizing a certain ethical reasoning strategy when facing a paradigm dilemma, certain unique ideas are considered.  These “ideas” are what we typically think of as the justification or rationale for thinking the way we do about a certain scenario.  So if we can identify some of these justification ideas, and we can identify the paradigm dilemma that our example scenario reduces to, then we can get a sense of what kind of ethical reasoning strategy the person is employing.  It is in this way that we can begin to characterize ethical reasoning, or in the case of bioethical decision-making, bioethical reasoning.  This provides, then, a way of measuring a person’s bioethical reasoning ability based on how they justify a certain decision.  

The Bioethics Legacy Challenge

The Bioethics LEGACY Challenge was designed to be problem-based curricular unit for the high school Biology classroom in keeping with the aims of the VaNTH-ERC Ethics thrust and the VaNTH-PER initiative.  As such, the unit was developed to address content issues relevant to the domain of Bioethics as well as to promote awareness of Bioengineering in the K-12 setting through exposure to curricular materials.  Structured according to the LEGACY Cycle framework, the web-based unit begins with the Challenge section that is followed in turn by the Generate Ideas, Multiple Perspectives, Research and Revise, Test Your Mettle, and Go Public sections
.

In the Challenge section, students are presented with the following scenario: 

You are a member of the Board of Directors for Imagine Biotechnology Group. One of your company's researchers, Dr. Cole Barton, has recently submitted a proposal for a new research project. 

In his research, Dr. Barton is planning to use bonobos - a primate closely related to humans. The bonobos would be used as transgenic organ donors for xenotransplantation (transplants between humans and animals). Because bonobos are closely related to humans, Dr. Barton suggests that with small genetic modifications, the organs of bonobos can be made more suitable for transplants into humans than organs from other animal sources. Your task, as a board member, is to determine whether or not your company should approve this project. You will then have to make a presentation to the board outlining the reasons for your opinion.

After being introduced to the Challenge, students move on to the Generate Ideas section.  In this section, students are encouraged to, with the help of a partner, record some of their initial ideas with regards to Dr. Barton’s proposal. They are asked to start organizing their ideas in the form of a pros and cons chart (which is provided for them). After generating their initial ideas, students move on to the Multiple Perspectives section in which they are introduced to several web resources that will expose them to the critical issues related to the Challenge (including the Ethics of Xenotransplantion and the use of animals in research).

In the Research and Revise section, students are encouraged to continue researching these issues as they work to refine their initial ideas. They are also encouraged to revisit their earlier pros and cons charts for comparison. “Just in Time” lectures are also provided for teachers to be used as needed during this time
. At this time, students move to the Test Your Mettle section in which they are encouraged to make their final decision with regards to Dr. Barton’s proposal. They are then asked to engage in three “mini-challenges” that present relevant ethical dilemmas to test the students’ reasoning and encourage the students to rethink their position on Dr. Barton’s research.  These challenges help introduce the notion of contrasting cases into the PBL unit.  After completion of these challenges, the students move on to the Go Public section in which they are asked to present their final decision via a Powerpoint presentation. They are told that these presentations should contain well-supported claims and should be professionally constructed.

The unit was initially developed by Shelly Rodriguez and Richard Vath during the fall of 2002.  Rodriguez is a veteran Biology teacher and Science Department Chair at Crockett High School (Austin, TX), as well as a graduate student in Science Education at the University of Texas at Austin.  As part of our preliminary design efforts, Rodriguez pilot tested certain portions of our unit, including the Multiple Perspectives section and the ranking activity from the Test Your Mettle, in her 9th grade Biology Honors section.  We also received constructive feedback from University of Texas faculty members Susan Williams and Anthony Petrosino throughout our design process.  These efforts helped us refine the initial materials that we developed for the unit.

Exposure to Teachers

During the spring of 2003, Rodriguez and Vath introduced the unit to a cohort of secondary mathematics and science teachers as part of a workshop series for the VaNTH-PER project.  In these workshops, the teachers were given opportunities to explore the unit, first as learners and then as teachers.  After doing so, the teachers were asked to complete a brief survey regarding the unit
.  The survey instrument asked teachers to rate using a likert scale (1=Strongly Disagree, 5= Strongly Agree) statements that address the design and usability of the unit as well as the utility of the LEGACY cycle framework in general.  Eight surveys were collected, and the mean ratings by question are shown in the following table:

	Teacher Survey Items
	Mean likert rating

	1. I enjoyed using the LEGACY Cycle for this module.
	4.88

	2. I think my students would enjoy using this module.
	4.75

	3. I found the website easy to navigate and user friendly.
	4.13

	4. The online resources that were provided will be helpful for my students.
	4.38

	5. The evaluation instruments were helpful in assessing student progress and/or performance.
	4.38

	6. The exercises were challenging and thought provoking.
	4.5

	7. Using the LEGACY Cycle leads to more thoughtful and probing questions and discussion than traditional textbook exercises do.
	4.88

	8. I would like to use this instructional module in my classroom.
	4.25

	9. I would like to use the LEGACY cycle design for other content in my classroom(s).
	4.88

	10. The website was organized and appealing. 
	4.38


Table 1:
Teacher Evaluation Survey by Item (N=8).

In general, the teachers were very positive in their evaluation of the unit and the LEGACY Cycle framework.  In particular, we were encouraged by their responses to items 1, 2, and 5 because they indicated that the teachers felt that the unit would be both challenging and accessible to their students.  In addition to the survey responses, the teachers also provided invaluable feedback on the unit during informal conversations throughout the workshop series.  Specifically, the teachers suggested that the scaffolding questions incorporated in the Test Your Mettle mini-challenges should be made more explicit in how they address the relevant issues.  The teachers felt that by doing so, the Test Your Mettle mini-challenges would be more successful at providing formative assessment for both teachers and students.  At the conclusion of the workshop series, we revised several sections of the unit as a result of the feedback from the teachers as well as from our ongoing reflection as curriculum designers.  We incorporated the teachers’ suggestions in our revision of the Test Your Mettle section.

Exposure to an Expert

In May of 2003, several researchers involved in the VaNTH project who are interested in issues of bioethics were contacted to provide feedback on the unit.  One researcher with great expertise in the area of bioethics, Dr. Stephanie Bird of MIT, agreed to meet with us in person to discuss the unit in great detail.  This meeting was very productive, as Dr. Bird provided great insight into some of the finer ethical points within the overall challenge.  The unit was again revised as a result of this meeting.  

This meeting also provided the impetus for some future research and design ideas in the area of bioethics.  These ideas will be addressed in a later section.  

Pilot Study

In order to measure the utility of our unit in fostering bioethical reasoning skills, it was now appropriate to introduce it to students in an authentic setting.  During June and July of 2003, Shelly Rodriguez taught a summer school Biology session for the Austin Independent School District called “Bridges” for students who had failed or partially failed 9th grade Biology during the 2002-2003 school year.  In this session, students worked on self-paced units that covered, piece-wise, the mandated biology curriculum in the state of Texas (TEA, 2001). As such, the structure of the session was much more flexible than during the regular school term.  This presented an ideal situation to introduce our unit because of 1) time flexibility; 2) access; and 3) the opportunity to work with students who had experienced difficulty in the traditional classroom during the previous year.

Nine students participated in the study, which took place over the course of two consecutive, 9 AM to 1 PM days.  Of the nine participants, seven were female and two were male.  Of the nine participants, six (67%) were Hispanic American and three (33%) were Caucasian.  All nine participants spoke English fluently.  

Data Collection

During the study, Vath acted as both researcher and teacher.  The structure of the 2 day sequence was built around the structure of our web-based unit
.  Vath also facilitated several discussions throughout the 2 day sequence as needed in an effort to provide “coaching” support for the students as they navigated through the unit.  Data was collected in the form of pretests, student-generated “pros and cons charts”, poster presentations (post measure), and field notes.

Pretests were presented at the beginning of the instructional sequence on the first day.  In the pretest, students were introduced to a brief ethical dilemma that required the students to make a decision, and then to justify their decision in a few sentences
.  The dilemma presented in the pretest bears many similarities to the Challenge scenario of the unit.

As the students engaged in the unit, they were asked in groups to generate “pros and cons charts” to help them organize their thoughts as they worked towards a decision on the Challenge scenario.  This scaffolding activity is built into the unit’s materials.  These charts were collected as data because they provide a midway data point between the students being introduced to the Challenge scenario and being asked to deliver their final decisions.

These final decisions were delivered via a poster presentation session (see Figure 1) at the conclusion of the second day’s activities.  In making these presentation materials, the students worked in small teams and were encouraged to choose from among the ideas on their pros and cons charts those that were most supportive of their final decisions.  This created an opportunity for the students to think deeply about what kinds of justifications they would need to defend their final decisions.
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Figure 1:
Final Student Presentations for the Bioethics LEGACY Challenge

Analysis and Findings

By comparing the student responses on the pretest scenarios to their final presentations at the conclusion of the unit, two levels of distinction emerge.  First of all, we see a general change in the number of people who decided to accept the use of an animal model in research.  We refer to this as the Decision level distinction.    Secondly, we see a general change in the types of justification that the students use to support their decisions.  We refer to this as the Rationale level distinction.  These justifications can provide us with insight into what types of ethical reasoning strategies were being employed by the students as they engaged in both the pretest scenario and the Challenge scenario.

Decision level distinction
On the pretest scenario, all nine students decided in favor of using the animal model for the proposed research.  For their final decision in the Challenge scenario, however, six of the nine students decided against the use of the animal model for the proposed research.  This change suggests that as a result of engaging in the unit, students were confronted with new information that caused them to rethink some of their original positions with regards to using animal models in research.  The fact that a significantly greater number of students were opposed to use of the animal model for the Challenge scenario does NOT, however, provide conclusive evidence that the students were engaging in more sophisticated bioethical reasoning skills by the units end.  In order to get a sense of the sophistication of the reasoning skills being employed by the students, we turn to the Rationale level distinction.

Rationale level distinction
By analyzing the justifications provided by the students in both the pretest and post-measure presentations, one can show what types of bioethical reasoning strategies were being used the students during the different scenarios.  All artifacts were coded as representing ends-based, rule-based, or care-based reasoning strategies on the part of the students. These strategies are presented in Table 2. 

	Students

	Pretest Reasoning
	Post-measure Reasoning

	Allison
	Ends-based
	Ends-based

	Christina
	Ends-based
	Ends-based

	Roberto
	Rule-based
	Rule-based

	Jennifer
	Ends-based
	Ends-based

	Stephen*
	Ends-based
	Rule-based

	Melissa
	Ends-based
	Ends-based

	Maria*
	Ends-based
	Care-based

	Rebecca*
	Ends-based
	Care-based

	Angela*
	Rule-based
	Care-based


Table 2:
Reasoning strategies used during pretests and post-presentations.

We see that four* of the nine students seemed to display different reasoning strategies between the two bioethical scenarios (pre and post-measure).  Interestingly, among these students were the three who remained in favor of using an animal model after the Challenge scenario.  Additionally, the remaining students, with the exception of Stephen, displayed similar reasoning strategies between the two bioethical scenarios despite arriving at different final decisions.  We observe, then, that the relationship between the bioethical reasoning strategies being used by the students and their final decision-making is not a causal one in the sense that a student might arrive at two different decisions while using the same reasoning strategy.  

If our goal remains to identify whether or not the students were engaging in more sophisticated bioethical reasoning after completing the unit, it is clear that simply observing the decisions as well as the apparent reasoning strategies used will not be sufficient.  We must look more deeply at how the bioethical reasoning strategies were being used to arrive at decisions.  One way of getting at this notion is by comparing the number and types of justifications used by the students to support their decisions in both the pretest scenario and the Challenge scenario.

On the pretest, all nine students presented only one reason to justify their decisions.  Because of the scaffolding activities of the Challenge unit, all nine students presented three or more justification reasons during their post-measure presentations.  Though the students were specifically instructed to include three justification reasons in their presentations, it is important to note that these reasons were selected by the students working in groups from a larger set of reasons that had been generated during the earlier “Pros and Cons chart” activity.  In all four final group presentations, the types of justifications that the students offered ranged in concerns for important issues such as animal rights, unforeseen experimental consequences, and access to research benefits.  These more sophisticated considerations were not present in the pretest responses.

As a result, it seems clear that by engaging in the unit on bioethics, the students were able to employ more sophisticated bioethical reasoning strategies that included broader considerations for issues relevant to the challenge.  This finding is confirmed by field note data taken during the two day instructional sequence.    There was a noticeable change in the spontaneous discussions that occurred between the students and myself over the course of the two days in terms of 1) how open the students were to opposing viewpoints, 2) the number of justifications they would offer for a particular viewpoint, 3) the ability of students to identify moral issues involved with the challenge, and 4) the depth of student interest in the research practices discussed in the unit.  Specifically, several students noted that in studying this unit, they had been forced to “think about many more possibilities than they usually had to solve problems” (Jennifer). Another student returned animated on the second day discussing a conversation she had had with her relatives the previous evening in which they debated the Challenge scenario.  Still another student commented at the unit’s conclusion that he “wished more of science could be like this unit.  I was really thinking, and I knew a lot more about this stuff than I thought I would” (Roberto). During one discussion towards the end of the second day, one student became emotional when discussing a relative with a serious illness; the other students responded both with compassion and respect while still engaging in a discussion about access to health benefits from scientific research – a complex issue, and one that they discussed with impressive insight.

These findings are encouraging because they suggest that our Bioethics LEGACY Challenge has great utility for students.  They also suggest that our unit supports a model of teaching that is consistent with McQuaide’s (1999) model for the teaching of ethics.  In this model, the goals for teaching ethics should included: 1) stimulating the moral imagination; 2) recognizing moral issues; 3) developing analytical skills; 4) eliciting a sense of responsibility; and 5) tolerating disagreement and ambiguity.  By addressing these five needs, and by fostering the development of more sophisticated bioethical reasoning skills, our Bioethics LEGACY Challenge provides a beneficial context for student learning.

Findings in Context

Historically, the teaching of bioethics has faced many challenges.  The notion of “right vs. right” bioethical dilemmas poses unique challenges to students when presented in the context of a biology classroom, a classroom usually characterized by clearly defined scientific principles.  Studies have shown that students of typical biology classrooms tend to want to “know the ‘way to solve’ and the ‘right answer’ to any and all ethical dilemmas.  This can create more difficulties for biology teachers who are often themselves deficient in the area of bioethics (Johansen and Harris, 2000).

By presenting bioethical content within the context of an authentic problem-based challenge, our Bioethics LEGACY Challenge can address some of these challenges.  As students engage in the PBL environment, they are slowly introduced to domain of bioethics.  Through scaffolding and case-study activities, the students are given opportunities to engage in bioethical reasoning strategies.  Finally, with the support of the teacher as “coach,” students can leave the unit with a broader sense of what it means to engage in bioethical decision-making – that it is more than simply “finding the right answer to a problem.”

Future Research

Another unique aspect of our Bioethics LEGACY Challenge is that it seems to provide ample opportunities for discussion in both younger and older learners.  For example, when we introduced the curriculum materials to the secondary teachers during the VaNTH-PER workshops they quickly became engrossed in the scenario itself, finding the context both novel and engaging for themselves as learners.  We feel that this aspect of our challenge warrants further investigation to test the utility of the unit with older learners.  Plans are in development to introduce a slightly modified form of the unit into undergraduate Bioengineering classrooms throughout the VaNTH partner universities.

We are also interested in developing follow-up challenges to our unit in order to extend some of the ethical issues addressed in the initial challenge to other general concerns.  Specifically, we would like to develop materials that would explore ethical notions of research practices within a community and generalizability of research findings.  We would also like to integrate the notion of “role model ethics” (DeHaan, 1997) into our units.  This notion of ethical education utilizes the “live” expert ethical decision-maker in providing a model for novice ethical decision-makers.  In terms of our unit, this would provide the learners with a model of how experts might approach a challenging bioethical dilemma in terms of what things they would value and consider. 

Finally, and perhaps most importantly, it is critical that more rigorous testing be done with our unit, or PBL units like it, to determine whether or not the PBL approach to Bioethics instruction that we have presented in this paper is uniquely supportive of the learning of bioethical decision-making and reasoning skills for a variety of different learners in a variety of different settings.  The pilot study presented in this paper suggests positive preliminary results, but further and more systematic investigation would provide a more complete picture of the utility of this kind of instructional design.
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Appendix A

Curriculum Materials: Bioethics LEGACY Challenge

The unit can be found on the web at: http://www.edb.utexas.edu:16080/insite/users/srodriguez/
I. 
Introduction/Main Page


“The challenge you are about to begin follows what is called a LEGACY Cycle. In a LEGACY Cycle, a learner is first presented with a challenge question. They are then given the opportunity to generate some initial ideas about the challenge. Afterwards, the learner is presented with different activities designed to help the learner compare their initial thoughts with what they have learned. In the last step, the learner is given an opportunity to “go public” with a revised set of ideas. 

When you are ready to begin, click on The Challenge icon below. Good luck!”

II.
The Challenge

“You are a member of the Board of Directors for Imagine Biotechnology Group. One of your company's researchers, Dr. Cole Barton, has recently submitted a proposal for a new research project. 

In his research, Dr. Barton is planning to use bonobos - a primate closely related to humans. The bonobos would be used as transgenic organ donors for xenotransplantation (transplants between humans and animals). Because bonobos are closely related to humans, Dr. Barton suggests that with small genetic modifications, the organs of bonobos can be made more suitable for transplants into humans than organs from other animal sources. Your task, as a board member, is to determine whether or not your company should approve this project. You will then have to make a presentation to the board outlining the reasons for your opinion.”

III.
Generate Ideas

“After reading through The Challenge, what are some of your initial thoughts? Get together with a partner and talk about some of your ideas. 

Now check out the article on this site: Organ Transplantion (http://www.4women.gov/faq/organ_donation.htm)

After reading through the article, try and answer some of the following questions. You might want to do this with a partner as well. 

How Transplants Work 

What new obstacle are doctors and patients facing with regards to transplants? 

The Screen, the List, and the Match 

What types of conditions might organ transplants be used to treat? 

What criteria are used to determine if a patient is eligible for a transplant? 

What happens once an organ ready for transplantation is accepted? 

Living with a New Organ 

Why do most transplant pateints require medical attention for the rest of their lives? 

Improving the System 

What are some ways that the medical community is seeking to improve the process of transplantation? 

Now, think about The Challenge question again. What kinds of things do you think that Dr. Barton should think about when he prepares for his proposal? Use the pro's and con's chart (enclosed) to help you think through your ideas.”

Pro’s and Con’s

Use the chart below to outline some of your ideas about Dr. Barton’s proposal. Using what you know about the topic, develop several reasons to approve Dr. Barton’s proposal and several reasons to reject it.   In the justification section, describe the thinking behind each of the reasons you listed.

	
	PRO’S
	CON’S

	Reason:

Justification:
	
	

	Reason:

Justification:
	
	

	Reason:

Justification:
	
	

	Reason:

Justification:


	
	

	Reason:

Justification:
	
	


IV.
Multiple Perspectives


“The area of xenotranplantation is hotly contested, but why? Take a look at the websites below to get ideas about the issues surrounding this topic. As you explore, you may want to make additions or revisions to your pro's and con's chart as you explore.

Bonobo Natural History 

www.williamcalvin.com/teaching/bonobo.htm 

www.primates.com/bonobos/bonobo-info.html 

More on Xenotransplantion 

www.transweb.org/qa/qa_txp/faq_xeno.html 

www.fda.gov/fdac/features/596_xeno.html 

science.education.nih.gov/newsnapshots/TOC_Xeno/XenoRITN/xenoritn.html 

Pro's and Con's 

http://animal-rights.com/ 

http://science.education.nih.gov/newsnapshots/TOC_Xeno/Animal_Parts_/animal_parts_.html 

http://science.education.nih.gov/newsnapshots/TOC_Xeno/Viruses/viruses.htm 

http:www.mrmcmed.org/pigs.html 

After reviewing the sites above, you might also want to share your ideas with others. This can give you insight into ideas that you may not have thought of on your own. As you move on to the Research and Revise section, try and think about other information you may need to help build and support your response to Dr. Barton's proposal.”

V.
Research and Revise

“Now that you have read articles written by experts and compared their views with the ideas you generated, it is time to research and revise your ideas using the web to find further information. Remember that your opinion has to be well supported for your presentation to the board. Using a search engine of your choice (ex. yahoo, google, alta vista) search for additional information you might need.

After conducting further research, did your ideas change? Before going on to "Test Your Mettle", take some time to reflect on your original pro's and con's chart. Make necessary revisions bases on the new information you found in your research.”

VI.
Test Your Mettle

“Now that you have a good idea about the different perspectives relevant to Dr. Barton's proposal, it is time to make a decision:

Decide: use the information you have acquired to decide whether or not you think that Imagine should approve Dr. Barton's proposal. 

Consider Your Reasoning: The "Test Your Mettle" Challenge 

The questions in the TYM Challenge are designed to force you to think deeply and critically about the decisions that you have made regarding Dr. Barton's proposal. The questions in these mini-challenges have elements in common with the issues surrounding Dr. Barton's proposal. As you work to come up with answers to the questions, take some time to think about the implications of your choices. It is likely that some questions may cause you to reconsider your original reasoning. In working through this challenge it is important that you take time to carefully consider your responses; the questions presented are difficult but they should lead you to a deeper understanding of your stance on the relevant issues.

Challenge 1: "The Hip" 
Challenge 2: "HIV Research" 
Challenge 3: "The Effect of Chemicals on the Brain" 
Test Your Mettle #1: The Hip

A design engineer at a Bioengineering company, Janet Chisholm, has developed a new design for a hip prosthesis (artificial hip). Dr. Chisholm’s new design represents a major departure from previous designs; the shape and the materials are innovative and have not been used before. Dr. Chisholm wants to test the implant in an animal before it is used in humans. After reviewing some previously published research in this area, she finds that dogs have been used previously to test joint replacements. For most designs, results in dogs were subsequently shown to be very similar to results in humans.

However, Dr. Chisholm does find one published case that is troubling; several years ago, another innovative design was tested in dogs and it performed very well. The failure rates were very low, there was no loosening of the implanted material, and there was very little wear on the artificial joint surface. Hip and bone specialists in the orthopedic community were excited about this new prosthetic hip and proceeded to implant it in humans. Unfortunately, the prostheses had a very high failure rate in human patients.

Dr. Chisholm also finds many reports in the research of machines that simulate joints to test new prosthesis designs. Unfortunately, she does not have these sophisticated pieces of equipment available to her.

1) How does this situation make you feel? Should Dr. Chandler test her new design in dogs, despite the one troubling study from the research journal?

________________________________________________________________________________________________________________________________________________________________________________________________________________________________

2) What considerations do you think Dr. Chandler should use to aid her in this decision?

________________________________________________________________________________________________________________________________________________________________________

________________________________________________________

3) What alternatives might Dr. Chandler have? 

________________________________________________________________________________________________________________________________________________________________________

________________________________________________________

4) In what ways is this study like Dr. Barton’s study with the bonobos? In what ways is it different?
____________________________________________________________________________________________________________________________________________________________________________________________________

------------------------------------------------------------------------

Adapted from “The New Hip” by Elizabeth Myers and Stephanie J. Bird

Test Your Mettle #2: HIV Research

Rosa Martinez, Ph.D., a senior postdoctoral fellow in veterinary medicine, was appointed to the Committee for the Protection of Animals in Research at her university. She was given the following proposal to review because of her expertise in primate biology.

A team of investigators is proposing to test an altered live virus vaccine for human immunodeficiency virus (HIV) utilizing a free ranging chimpanzee colony. This colony was established for behavioral research studies 20 years earlier on an island near Puerto Rico. Having grown dramatically since its inception, the colony requires daily food supplementation by boat, the support for which is increasingly in jeopardy. The plan is to inject one of the dominant males with HIV and to vaccinate half of the remaining animals, both males and females. All chimpanzees are to be monitored for the development of HIV virus antigens and antibodies, altered T-helper cell numbers, and symptoms. An additional protocol is being formulated that will utilize those animals that become infected for a clinical trial of new chemotherapy agents. Chimpanzees were selected because, like humans, they have multiple sexual partners and are susceptible to the virus. Although the vaccine was effective in lower species, including transgenic mice, the research group felt that it was necessary to get a definitive answer under field conditions prior to introducing live retroviruses into uninfected human populations.

As principle reviewer, Rosa must advise her colleagues as to the appropriateness of this use of animals for research purposes.

1) If you were in Rosa's position, what ethical standards would you use to help guide your decision?

____________________________________________________________________________________________________________________________________________________________________________________________________

2) In your opinion, does giving an animal a fatal infection constitute cruelty, especially considering the characteristics of HIV infection in humans?

__________________________________________________________________________________________________

_________________________________________________

3) Is it ethically appropriate to transmit intentionally a human virus in a setting that is not fully controlled or contained?

__________________________________________________________________________________________________

_________________________________________________

4) If Edith were to respond that the study could not be carried out in chimpanzees, how might you change the study to use human subjects instead? Why would you want to use human subjects instead of chimpanzees?

________________________________________________________________________________________________________________________________________________________________________

5) In what ways is this study like Dr. Barton’s study with the bonobos? In what ways is it different?

______________________________________________________________________________________________________________________________________________________________________________________________________

--------------------------------------------------------------------------

Adapted from a scenario that was adapted from one given by the AAMC.

Test Your Mettle #3: The Effects of Chemicals on the Brain

Nathan Gellar is a second year graduate student in a neurosciences program. Having just completed his course work, he must design his own project of research. His special area of interest is in studying the effects of certain drugs on brain activity. 

One of his first considerations in designing his project is to find an appropriate animal model. In his review of the research literature in this field, Nathan finds that cats are an adequate model because their brains are physiologically and anatomically similar to those of humans. Rhesus monkeys, however, have brains even closer to those of humans with more complex patterns of brain wave activity. His research protocol (the steps he would go through while conducting his experiment) would entail restraining the animal, hooking up electrodes, measuring brain activity both before and after administration of the drug, then sacrificing the animal to examine any physiological and anatomical changes in the brain tissue.

Nathan is concerned that any sedatives, anesthetics, or analgesics administered before sacrificing the animal could possibly alter the brain chemistry and consequently Nathan's results. Yet, as a humane and compassionate person, he is concerned that the animals not experience any unnecessary pain or suffering.

Nathan wishes to use the best model for his experiment, but hesitates to do so in this instance for a number of reasons. First, rhesus monkeys are much more expensive and less available than cats. Second, Nathan feels a certain "kinship" toward primates that he does not feel towards cats. 

1) Do you think that these are good reasons for Nathan to consider when selecting his animal model? Why or why not?

____________________________________________________________________________________________________________________________________

Now assume for the moment that for purposes of Eric's study, it is not necessary to sacrifice the animal in the end. The protocol, which now only entails restraint and attachment of electrodes and administration of the drug under study, is rather noninvasive. 

2) Is it appropriate to use the animals (either cats or monkeys) for other, unrelated experimental procedures afterwards? 

____________________________________________________________________________________________________________________________________

3) How is this study like Dr. Barton’s study with the bonobos? In what ways is it different?

____________________________________________________________________________________________________________________________________________________________________________________________________

Many of these questions may address personal beliefs or feelings that you hold. Take this opportunity to reflect on your beliefs and how you have come to hold them.  

--------------------------------------------------------------------------

Adapted from a scenario that was adapted from one given by the AAMC.


Ranking Your Ideas 

Once you have made your decision, it is important to consider your reasoning. You might want to spend some time thinking about the relative strength of your arguments. One effective way to do this would be to rank your reasons in order of their importance in your decision-making process.


Reflect 

Before you go on to Go Public, be sure that you feel comfortable with your stance and that you can articulate your ideas well. If not, return to Research and Revise to gather more information and solidify your thoughts.”

VII. Go Public


Create a Presentation 

As you finalize your ideas for presentation to the board, you need to consider the standard format for a board presentation at your company, Imagine Biotechnology Group. 
The presentations typically include the following aspects:

1.
Presentations are five to ten minutes in length

2.
Presentations are created and shown using Microsoft Power Point

3.
Presentations contain clear visuals - this includes appropriate font size, color, and graphics 

4.
Presentations support claims with relevant and detailed evidence

5.
Ideas included in the presentation are clearly communicated to the audience

Peer Review 

Before actually presenting your stance on Dr. Barton's proposal to the board, you might want to give it a trial run. One way to do this would be to have a group of your peers run through the presentation and critique it. You can use the peer review form to have peers assess the quality of your presentation

BIOETHICS “LEGACY CHALLENGE” PEER REVIEW

The rubric below outlines the criteria for the Legacy Challenge presentation presented in the “Go Public” step. Use the rubric to evaluate the presentation of the group you are reviewing.  Once you have completed the chart, answer the questions at the bottom.  You should look over the chart and the questions before reviewing the presentation.

	Presentation Criteria
	Description
	Points Possible
	Points Awarded
	Suggestions for Revision

	Length
	Presentation length should be between five and ten minutes
	10 points
	
	

	Quality of Visuals
	This category includes the appropriateness of the font size, color, and graphics. Could you see all aspects of the presentation clearly
	30 points
	
	

	Ideas Clearly Communicated
	Did you understand the points that the presenters were making? Were their ideas well organized and articulated?
	30 points
	
	

	Level of Support for Ideas
	Was their argument convincing?  Was their opinion well supported? Was there support for each idea presented?
	30 points
	
	

	
	TOTAL POINTS


	100 points
	
	


Peer Review Questions: Remember your responses should be detailed enough to help the group make useful revisions.

1. Did this group convince you of their position on Dr. Barton’s proposal?  

2. If so, which point of their argument did you find the most persuasive?  If not, why what did you disagree with, why were you not convinced?

3. Was each point in the argument supported by evidence? If not, which point/s did you think was not well supported?

4. Did you think that the presenters had a deep understanding of the ideas they were presenting? Were they confident and well informed? Explain your answer.

5. Were the Powerpoint slides well done?  Were the font, color, and graphics appropriate? What did you like the best?  What did you not like?

6. Was the presentation interesting? Did it hold your attention?  If not, what suggestions can you give?

Did your ideas make sense to them? Were they convinced? Take this time to reflect and make any revisions your think are necessary to improve your presentation.

Go to the Board!
Once you feel confident that your presentation meets the criteria, clearly expresses your views, and is well supported by evidence, then it is time to present your ideas regarding Dr. Barton's proposal to the board.

Appendix B

Teacher Resources: Bioethics LEGACY Challenge

This page is designed to provide suggestions, references, and supplemental materials to help you in implementing the Bioethics Legacy Challenge in your classroom. Helpful material is listed underneath the link to the corresponding student page.

General Teacher Resources for "The Bioethics Legacy Challenge"

Why Bioethics?
According to the National Science Education Standards (National Academy of Sciences, 1996), the following content areas that address “science and technology in local, national, and global challenges” are critical for grades 9-12 science curricula: 

*          Science and technology are essential social enterprises, but alone they can only indicate what can happen, not what should happen. The latter involves human decisions about the use of knowledge.

*          Understanding basic concepts and principles of science and technology should precede active debate about the economics, policies, politics, and ethics of various science- and technology-related challenges. However, understanding science alone will not resolve local, national, or global challenges. 

*          Progress in science and technology can be affected by social issues and challenges. Funding priorities for specific health problems serve as examples of ways that social issues influence science and technology. 

*          Individuals and society must decide on proposals involving new research and the introduction of new technologies into society. Decisions involve assessment of alternatives, risks, costs, and benefits and consideration of who benefits and who suffers, who pays and gains, and what the risks are and who bears them. Students should understand the appropriateness and value of basic questions--"What can happen?"--"What are the odds?"--and "How do scientists and engineers know what will happen?" 

*          Humans have a major effect on other species. For example, the influence of humans on other organisms occurs through land use--which decreases space available to other species--and pollution--which changes the chemical composition of air, soil, and water. 

Similarly, in the Texas Essential Knowledge and Skills (TEKS), the Texas Education Agency (TEA, 2001) lists the following as being an essential skill for a 9th grade student of Biology to acquire: 

Scientific processes. The student uses critical thinking and scientific problem solving to make informed decisions. The student is expected to: 

(C)  evaluate the impact of research on scientific thought, society, and the environment; 

The Bioethics Legacy Challenge has been designed to accommodate these national and local science standards with the following learning objectives in mind:

1. Be able to identify and examine some critical ethical issues in xenotransplantation research.

2. Be able to identify research needed to develop argument.

3. Be able to formulate a valid, research-supported stance on a controversial issue.

4. Be able to articulate a formal argument supported by evidence.    

5. Be able to use collaboration to develop skills in reflection, revision, and compromise.

Because the type of arguments the students will be presenting addresses ethical issues, an additional learning objective for this project is for the students to gain an understanding for what an ethical decision is, what models exist for making ethical decisions, and how the ethical principles that they hold can allow for certain issues to be weighed against one another. Resources for Teachers in these areas are provided below (see Research and Revise).

What is the LEGACY Cycle and why should you use it?
The LEGACY cycle is an instructional model that emphasizes inquiry. Learners are faced with progressively complex challenges. For each challenge, learners generate initial thoughts on how they might react to the challenges. They are then provided with learning activities/resources that allow them to compare their existing knowledge with new learning resources. Based on these new learning opportunities, students then can compare their initial thoughts to what they have learned and publish a revised set of ideas.

Use of the Legacy cycle provides flexibly adaptive instruction that facilitates student learning from case, problem, and project learning through integrating four types of learning environments. These environments are learner-centered, knowledge-centered, assessment-centered, and community-centered. As a learner-centered environment, Legacy helps to focus on the learners' prior knowledge, skills, and attitudes that they bring to the situation. As a knowledge-centered environment Legacy helps focus content on knowledge organized around key concepts, big ideas, or major understandings that support learning in the discipline. As an assessment-centered environment, Legacy helps make student thinking visible so both learner and teacher can assess and revise understanding. As a community-centered environment, Legacy helps create a sense of collaboration among students and other members of the community. Collectively, through integrating four types of learning environments, Legacy then provides flexibly adaptive instruction based on an inquiry model of instruction. (Schwartz, Brophy, Lin, and Bransford, 1999).

For more information, refer to the following sites:

1.
An Overview of Project Based Learning

http://www.bie.org/pbl/pbloverview/toc.php

2.
About the Legacy Cycle

http://peabody.vanderbilt.edu/ctrs/ltc/brophys/legacy.html 

Teacher Resources for "The Challenge"

(Suggested Timeline: .5 class periods)

"The Challenge" step presents the students with an ethical dilema. In this particular challenge, the students work for Imagine Biotechnology Group. The stage outlines a scenario in which a researcher working for the company wants to conduct research using primates in the hope of saving human lives. The students are supposed to consider this proposal and after working through the Legacy cycle, the students are asked to present a well-articulated and supported stance. The purpose of this exercise is to push students to consider the complex nature of making ethical decisions in authentic situations.
This activity provides an opportunity for the teacher to act as a coach. You can help to guide your students through this novel and difficult task. You might want to spend some time reviewing the challenge question with the class. You could ask students to restate "The Challenge" in their own words. It is important that each student clearly understands what Dr. Barton is proposing before moving on the "Generate Ideas."

Teacher Resources for "Generate Ideas"

(Suggested Timeline: 1.5 class periods)

The purpose of the "Generate Ideas" step is to help students access their prior knowledge about the subject. It is meant to be a type of structured brainstorming that helps students probe their own thinking. One suggestion would be to allow students to work in pairs as they go through the Legacy cycle. This is especially important during "Generate Ideas." Working in pairs allows students to engage in a dialog and learn from each other as they discuss and record their ideas in the pro's and con's chart. 

Teacher Resources for "Multiple Perspectives"
(Suggested Timeline: 1.5 class periods)

The purpose of "Multiple Perspectives" is for the student to be made aware of other viewpoints. This may include viewpoints of experts in the field, of members of their local community, or of classmates. The aim is to broaden the student's concept about approaches to the challenge question and encourage the student to reflect on his/her original opinion.

The student page provides a list of websites that provide different takes on the issue of xenotransplantation. Students may browse the sites individually and then meet with their partner to discuss their findings or student pairs can search through the websites together. As they go through the sites, the students can make additions top their original pro's and con's chart.
Once the students have searched the websites, it might be beneficial to have them share ideas within larger groups. Groups of multiple pairs can be formed in order to discuss their different opinions. These groups can provide you with a great opportunity to assess the progress of distinct pairs as well as the class as a whole. 

One way to explore the student's learning is by asking probing questions. The students might answer these orally or in a journal. A journal entry provides an artifact that can be used as a tool for formative assessment. 

Probing Questions for Journaling

Have your thoughts on Dr. Barton’s proposal changed after exploring the multiple perspectives section? If so, in what ways?

In your opinion, what does it mean to make an ethical decision? How would you define the term “ethics”?

How many of the arguments for and against (PROs and CONs) xenotransplantation are based on past scientific investigations? Did they provide specific evidence or statistics to support their claims?

What about the other arguments for and against xenotransplantation that are not specifically based on scientific investigations? How would you describe these kinds of arguments? How are these arguments supported?

Teacher Resources for "Research and Revise"

(Suggested Timeline: 1.5 class periods)

The "Research and Revise" step is designed to help students identify areas of deficiency in their knowledge. The student is then encouraged to fill in the gaps by doing a web search to find needed information. The web search is an authentic task that will help students develop research skills that will benefit them in future learning.

One way that you can facilitate this process is by providing "Just in Time" lectures. These lectures are designed to help students acquire knowledge as information is needed. Some sample "Just in Time" lectures might be: 

1.
How to conduct a web search
2.
How the Immune System Works
3.
Ethics and Use of Animals in Research
Though links to information for the "Just in Time" lectures listed above have been provided, feel free to create new lectures as the needs of your students dictate.  "Just in Time" lectures can be set up in several ways. You might give the lecture to the whole class. You might offer the lecture for those who are interested either while other groups continue to work on their projects or you might offer the lectures outside of classtime. You can require attendance at one or more lectures or keep them strictly voluntary.

One important feature of this step is the process of revision. As the students' knowledge base grows, you might encourage them to reflect on their pro's and con's and make any revisions they think are necessary.

Teacher Resources for "Test Your Mettle"

(Suggested Timeline: 1.5 class periods)

In the "Test Your Mettle" step of the Legacy Cycle, the students should formalize their opinion about the challenge question. One advantage of working in pairs is that the students will have to come to a consensus as a group. This process will provide experience with communication and compromise, two valuable skills.

Another purpose of "Test Your Mettle" is to provide a crucible that will test the strength of student opinions as well as help them to identify weaknesses in their reasoning. The student page outlines two separate activities designed to help the students accomplish this task. 

1.
The "Test Your Mettle" Challenge - In this activity students are asked to answer several thought provoking questions. The questions are based upon difficult ethical decisions which have elements in common with the challenge question. As the students struggle to answer the questions, they should begin to define their own ethical boundaries with more clarity. This clarification can then be applied to the question presented in "The Challenge." It is critical that the students have opportunities to reflect on the models of ethical decision-making (Utilitarian, Value-Based, etc.) that they are employing in developing their arguments. If needed, encourage the students to revisit the "Research and Revise" step and spend some time with the "Just in time" lecture on Ethics.

2.
Ranking Your Ideas - This activity is designed to help students consider the relative strength of their arguments. The ranking will help students to make distinctions between their supports and help them in structuring their final presentations. You might ask the students to use the ranking columns on the pro's and con's ranking chart to decide on their top three reasons and rank them (1: most important - 3: least important). This will give the students three strong reasons to include in their presentation. By not using all of the reasons in the chart, the students are forced think critically and make difficult decisions about which reasons to include and which to omit. The Ethics lecture should provide support for this as well.

As the students go through this process they may find that they need to gather more information or that they need more clarification about certain topics. In this case, you should really encourage the students to return to the "Research and Revise" step to collect the needed information.
Teacher Resources for "Going Public"

(Suggested Timeline: 6 class periods)

By the time the students reach "Go Public" they should have formed a solid well-supported decision. At this point the students should be focusing on the presentation that they must design for the board. The student page outlines some general guidelines for the presentation. You might want to use the presentation rubric included or you might want to design your own. You might even allow the class to generate specific grading criteria before they begin working on their presentations. When using the rubric included or designing your own one important aspect to consider is the level of support provided for each argument. Students should reference appropriate research studies or historical events as well as noting relevant ethical principles (e.g. The Principle of Utility or The Principle of Greatest Good). 

After the students have a first draft of their presentation they are asked to engage in a peer review process. At this point the students should show their presentation to one or more peer groups and have the viewing groups critique the presentation. Students can use the peer review form on the website to help them assess the quality of the presentation. The presenters should use the feedback from their peers to make revisions and needed adjustments to their presentation. You may chose to have each group cycle through the critique-revision cycle only once or, if time permits, you might want to run through more than one cycle.

The final step in "Go Public" is the presentation itself. You can assess this product in several different ways. You may use a rubric to evaluate the group yourself or you might also include the class in a peer evaluation process. Once the presentations are over you might want the students to complete a self assessment and a group member assessment as well. 

Going Further...
Once all of the presentations are complete, you have a great opportunity for class discussion. One idea would be to have the class vote as a whole on the challenge question. As they struggle to reach a decision students participate in the authentic task of compromise between colleagues. You may also want to follow up with a different challenge that address issues of bioethics. Hopefully after their experiences with this Legacy Cycle, another PBL unit on bioethics may not need as much explicit structure and scaffolding (which the Legacy Cycle framework provides).

Another useful avenue to explore might be having the class watch movies that raise ethical questions (for a nice list of recent films, see http://bioethics.net). 

Self Assessment

Name:                ___________________ 
Rate yourself on a 10-point scale on the following items. For each item, select the score you believe best reflects your efforts and contributions.

Use the following scale to describe the your actions while working on this project.


    Always


   Sometimes



        Never
1
2
3
4 
5
6
7
8
9
10

 

Items 


Takes active role on initiating ideas or actions

1
2
3
4 
5
6
7
8
9
10

Willingness to take on task responsibilities

1
2
3
4 
5
6
7
8
9
10

Willingness to frequently share ideas and resources

1
2
3
4 
5
6
7
8
9
10

Accepts responsibilities for tasks determined by the group

1
2
3
4 
5
6
7
8
9
10

Willingness to negotiate and make compromises

1
2
3
4 
5
6
7
8
9
10

Provides leadership and support whenever necessary

1
2
3
4 
5
6
7
8
9
10

Respects decisions of others

1
2
3
4 
5
6
7
8
9
10

Willingness to work with others for the purpose of group success

1
2
3
4 
5
6
7
8
9
10

Produces high quality work

1
2
3
4 
5
6
7
8
9
10

Meet team's deadlines

1
2
3
4 
5
6
7
8
9
10

Additional Comments about the your performance:

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Group Member Assessment

Evaluator:                ___________________ 
Group Member Evaluated: ___________________________
Rate your team members on a 10-point scale on the following items. For each item, select the score you believe best reflects that person's efforts and contributions.

Use the following scale to describe the group member’s actions while working on this project.


    Always


   Sometimes



        Never
1
2
3
4 
5
6
7
8
9
10

 

Items 


Takes active role on initiating ideas or actions

1
2
3
4 
5
6
7
8
9
10

Willingness to take on task responsibilities

1
2
3
4 
5
6
7
8
9
10

Willingness to frequently share ideas and resources

1
2
3
4 
5
6
7
8
9
10

Accepts responsibilities for tasks determined by the group

1
2
3
4 
5
6
7
8
9
10

Willingness to negotiate and make compromises

1
2
3
4 
5
6
7
8
9
10

Provides leadership and support whenever necessary

1
2
3
4 
5
6
7
8
9
10

Respects decisions of others

1
2
3
4 
5
6
7
8
9
10

Willingness to work with others for the purpose of group success

1
2
3
4 
5
6
7
8
9
10

Produces high quality work

1
2
3
4 
5
6
7
8
9
10

Meet team's deadlines

1
2
3
4 
5
6
7
8
9
10

Additional Comments about the group member’s performance:

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Appendix C

Research Study Materials
Survey Instrument

Teacher Evaluation – Bioethics LEGACY Challenge

Please complete the following according to the scale:

1=Strongly Disagree    2=Disagree    3=Neutral      4=Agree      5=Strongly Agree

1. I enjoyed using the Legacy cycle for this exercise. 
1   2   3   4   5

2. I think my students would enjoy using this exercise. 
1   2   3   4   5

3. I found the website easy to navigate and user

1   2   3   4   5

    friendly.

4. The online resources that were provided will be

1   2   3   4   5

    helpful to my students.

5. The evaluation instruments were helpful in

1   2   3   4   5

    assessing student progress and/or performance.

6. The exercises were challenging and thought 

1   2   3   4   5

    provoking.

7. Using the Legacy cycle leads to more thoughtful

1   2   3   4   5

    and probing questions and discussion than traditional

    textbook exercises do.

8. I would like to use this instructional module in my
1   2   3   4   5

    classroom.

9. I would like to use the Legacy cycle design for other
1   2   3   4   5

    content in my classroom(s).

10. The website was organized and appealing.

1   2   3   4   5

11. This module is estimated to take 13 classroom periods to complete. In your opinion, is this a realistic time frame? Why or why not?

12. The main thing(s) I liked about this instructional module were:

13. Suggestions for improvement to this instructional module would be:

Study Agenda
Bioethics Challenge – Bridges Classroom

June 26-27, 2003

Agenda: Day One

9-9:30

(Class)

Pre-test




Introduction to the Challenge

9:30-11:15
(C. Lab)
Watch video together





Read “Challenge” aloud





Ask Questions:






1) What is your role?






2) What is the research idea?






3) What will we have to do in the end?





Get in pairs, and go to Generate Ideas





In groups, answer GI questions




Hand out Pros-Cons Chart




Give example, have them do 3 of each

11:15

Break

11:30-12:15
(C. Lab)
Go to Multiple Perspectives





Go through in sections:

1) Bonobos: how similar are they to humans? To chimps?

2) Xenotransplantation: what it is? Let’s learn more – why would we want to do this?

3) Pros-cons: let’s find some more

Go back to your Pros-Cons charts – revise and add

12:15-1:00
(Class)

Share your ideas with another group, then switch

Hand out Probing Questions to be completed by day’s end

Agenda: Day Two

9-10:30
(C.Lab)
Review Test Your Mettle challenges.

Introduce notions of frameworks for ethical decision-making (care-based, rules-based, ends-based). Discuss in context of mini-challenges.

10:30-11:15
(Class)

In groups, make final Decision

11:15

Break

11:30-1:00
(Class)

Distribute materials for final Poster presentations





Present Posters





Receive feedback from class





Final reflections



Pre-test Instrument

An Interesting Scenario…

Imagine for the moment that you are a research scientist in Biology working at the University of Texas, and you have just walked into a meeting. One of your fellow scientists named Dr. Sharon Cooper is giving a presentation on some research that she would like to conduct, and she is trying to convince you and the other scientists in the room that her research idea is important and something she should definitely work on.

Dr. Cooper’s idea is to genetically modify pigs so that their bone marrow might be used to help treat humans who suffer from leukemia (cancer of the blood). Unfortunately, it is possible that several pigs might die in the process of genetic modification. Also, it is possible that if the pigs do survive, they may experience various degenerative ailments that could cause them suffering.

After Dr. Cooper finishes her presentation, she asks each of the other scientists in the room (including you!) to state whether or not they think she should continue with her research, knowing that there may be consequences.

Now is your chance to share your opinion with Dr. Cooper:

1) Do you think Dr. Cooper should do her research?

(Circle one) 
YES
NO

2) Please explain in 3 to 4 sentences why you chose that answer for question #1.
3) Now imagine that instead of using pigs, Dr. Cooper wanted to use dogs in her experiments. Would you change your answer to question #1?

(Circle one) 
YES
NO

If you did decide to change your answer, please explain in 2 to 3 sentences why you would answer differently?
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� See Appendix A for complete curriculum materials for the Bioethics LEGACY Challenge.


� See Appendix B for complete teacher resources for the Bioethics LEGACY Challenge unit.


� See Appendix C for survey instrument.


� See Appendix C for Study Agenda.


� See Appendix C for Pretest instrument.


� Student names have been changed to protect anonymity.  
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