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Case Study:  The Search for the Structure of DNA

Introduction:


This bioethical unit investigates the historical story of Rosalind Franklin not receiving credit for her contributions in discovering the structure of DNA.  Included in this unit are all materials/instructions needed to implement in the classroom.  Student activities are focused on addressing and discussing bioethical issues.  There are two sets of graphic organizers – one for middle school and one for high school.  The rest of the handouts and directions are common and can be found at the end of the lesson.

Objectives:

· To evaluate an ethical perspective from multiple viewpoints

· To develop and practice interpersonal skills

· To engage students in critical thinking skills

State EALRs addressed throughout lesson:

· 3.1  understand the nature of scientific inquiry

Benchmark 3:  analyze and explain why curiosity, honesty, openness, and skepticism are integral to scientific inquiry

· 3.2  know that science and technology are human endeavors, interrelated to each other, to society, and to he workplace

Benchmark 3:  analyze how the scientific enterprise and technological advances influence and are influenced by human activity, for example, societal, environmental, economical, political, or ethical considerations

The Mad Pursuit

Middle School Framework
Day 1:  The Hook (Engagement Activity)

· Introductory Activity

Day 2:  Discovery of DNA Timeline

· Students do research to put together a timeline of DNA discovery.

· Students read the Case Study 

Day 3:  Introduction to the Case Study

· Students complete In-depth Timeline.

· Students complete worksheet 1, “Consider the controversy”.

· Students respond to the reflective journal write.

· Individually, in pairs, in fours, then with the class (Think-Pair-Square-Share).  At this point, students are random, not having a stakeholder identity.

Day 4:  Identify the Bioethical Issue/Dilemma

· Review the principles and the concept of ethical dilemma.  

· As a class, refer back to the case study and establish a question to be explored and principles violated.  

· At tables, complete the bottom portion of worksheet 2 “ID the issues & Formulating Facts”.

· Assign students to key player groups (refer back to day 1).  Have them discuss and create suggestions for alternate solutions to the dilemma.  

· Students identify pros and cons for each solution and report back to the class and further discuss the benefits and drawbacks to each..  Students complete the worksheet, filling in any holes.

Day 5:  Evaluate the Alternatives and decide

· Students work in similar key player groups to discuss and describe one solution (WS 5).  Additionally, they evaluate their solution from the perspective of other key players.

· Assign the writing assignment (Part 1)

Day 6:  Final Project

· Assign writing assignment part 2

· Repeat Value Line activity from Day 1
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Mini-Unit Plan (High School)

Introductory Activity


Case Scenario


Initial Reflective Write


Class Discussion: determine issues, values, ethical questions, etc.


Group Activity


Final Project (Letter Writing)


Final Reflective Write
The Case Scenario

There are a variety of ways to introduce this case study.

Here are some sources:

· Use the case study provided by Goldfarb and Pritchard at http://www.wmich.edu/ethics/ESC/cs4.html
· View the video “Double Helix”.  This film is based on the book by Watson.  It can be found at:  FILMS FOR THE HUMANITIES AND SCIENCES FFH 7453; 800-257-5126; DISTRIBUTED UNDER LICENSE FROM BBC WORLDWIDE AMERICAS, INC

· Read the book “Double Helix” by James Watson.

· Have students research the topic in the library, texts, and/or Internet.
You will have to choose your own method for introducing this topic.  Perhaps students will give presentations, perhaps you will lead a class discussion, perhaps they read and then perform a think-pair-share, and so on.

Using The Two Frameworks (Graphic Organizers)

Following the learning of the case scenario, and of the reflective write, lead the class in a discussion to determine many of the issues, key players, and ethical questions.

1. Use the first Graphic Organizer with your class.

· Lead the class in a discussion to determine what the overall issues, relevant general biologic and/or ethical concepts and the troubling or difficult decisions.  As the class determines these, have students record on their graphic organizer.

· As a class, determine the key players, explain why they are key players and record on the organizer.

· Determine the values involved with the issue.  For example: honesty, fairness, etc.

· Considering the values should lead to questions that can be asked that address these.  These would be the ethical questions that arise in this scenario.

· Have the class decide which is the most important or interesting of these questions.  The class will then split into groups and all groups will address the same question with the next organizer.

· It is recommended that you create diverse groups.

2. Groups use the second Graphic Organizer.

· Make an overhead of the 4 principles for the students to refer to.

· The directions for the groups follows:

Group Activity

1. Break into your groups.

2. Addressing only the one ethical question we chose as a class, go through the steps and questions on your sheet.

3. Discuss each question with your group, and record on the sheet your group’s response.

4. Be sure to thoroughly consider each question since you will be needing this information later.

The 4 principles of Ethics

1. Do no harm  (nonmaleficense)

2. For the greater good (beneficence)

3. Right to choice (autonomy)

4. Justice

Case Study:  The search for the structure of DNA

Graphic Organizer
Instructions:  Fill in this organizer as we discuss the case study together as a class.

Step #1:  What’s the big deal with this case scenario?  (Controversy?)

Overall Issue?
What general biological and/or ethical concepts are relevant to this issue?






Why does this issue raise troubling or difficult decisions?

Step #2:  Who are the key players in this scenario?  (Involvement?)



                  Why?                      Why?                      Why?                    Why?


Step #3  Show me the issue!  (Ethical Question?)

What values come into play with this piece of biological history?



What “ethical questions” about what occurred in this scenario can be formed form these values?

From these questions that have been generated, what is the main ethical issue you wish to discuss?


Name_____________________________

Case Study:  The Search for the Structure of DNA

Small Group Discussion

Use this organizer to gather your ideas and thoughts about this case as you discuss it in a small group.  Please follow the guidelines listed below:

· Every member of your group has an equal voice
· Listen to each member’s opinion and justification

· Help each other to understand all perspectives involved with this issue

You will be using the information gathered from this small group discussion and the organizer from class discussion to create an informative and justified written response to an ethical question from one viewpoint.  (The more information, perspectives, and ideas you have—the better!)

Step #1:  Fact Finding!  

What are the KNOWN facts, information, or evidence?

Fact




Information



Evidence







Step #2:  What are the alternative options/solutions to this issue?

Think about the ethical question that relates to this case study…what are all of the possible options(solutions) to this question?  As a group, think of as many options as possible and from all of the “key player’s” perspectives.  Be sure to think about the 4 principles (See overhead for reminder of the principles).

Option 1:




      Pro

               Con




Option 2:




Option 3:




Option 4:




Step #3:  Compare the options

Think about the following questions, discuss them with your group, then write your responses.

1. What options would help support a good general rule for people to follow in similar situation?

2. What options would help support or develop the character traits we value the most as individuals?

3. What options are most responsive to the individual needs of those involved and considers the relationships among those individuals.

4. What options most respects the rights and dignity of all involved?

5. What options would produce the most good and do the least harm?
Step #4:  Make a Decision!

What is the best possible option/solutions to the ethical question?

Best Option/Solution

How can you justify this as the best possible option/solution?



Step #5:  Evaluation of your Decision

Look back at the best possible option/solution you indicated in Step #4.  Think about whether or not this option/solution will result in the most desired outcome over an extended period of time (will this decision still hold in ten years?). 

In one concise paragraph, write a response to the above question.  Make sure to include detail and justification for your response.

Evaluation Response:

The Hook on the Road to the Double Helix

Introductory Activity

This activity is designed to mirror the history of events that led to the description of DNA.  Embedded in this activity are inequality, preferential treatment, unequal and exclusive access to information and supplies and ownership of intellectual property.

Teacher Instructions:

Set students up in groups of four.  Assign groups that are somewhat incompatible and provide unequal access to supplies and information.  Ahead of time, select one person in each group to have access to a resource such as a drawing or worksheet.  

At the end of allotted work time, have students briefly present their poster.  The teacher should acknowledge three of the four group members as key contributors to the project.  Be sure to leave one student out!

Required Materials

For each group

Butcher Paper

2 colored pens per group

1 resource sheet 

The Task

Working in groups, of four, diagram and label the double helix.  Your illustration should include all of the parts of a strand of DNA and include color.  You have 10 minutes to complete this task.

Value Line

Instructions:  Designate a line that extends from one end of the room to the other.  Select one end of the room to represent “strongly agree” and the opposite end to represent “strongly disagree”.  Read each statement, and have students move to the place that represents their opinion.  For instance, if a student is neutral, they stand in the center. 

Here are some suggested value statements.  Feel free to edit as you please.

1. Researchers should have the right to determine who has access to their work.

2. In group work situations, the whole group ‘owns’ the work of the group.

3. If I use someone’s idea, I must give them proper credit.

4. Stealing property is wrong.

5. If I am absent, I can use my lab partner’s data to complete an assignment.

6. Everyone who works on a project should be given equal credit.

7. When scientific research has the potential to save lives, it should be public knowledge.

8. Working cooperatively allow scientists to do the most good.

9. My ideas are my property.

10. Real scientists are men.

11. Stealing ideas is wrong.

Debrief:  Before leaving class, lead a discussion about the activity.  Address students concerns and issues, particularly relating to those students who did not receive credit for the project.  How did they feel about being left out?  How did students feel about unequal access to resources?  Does the simulation reflect ‘real life’?

Name ________________________

Period ______________

Date _____________
DNA Discovery Timeline

Create a timeline about how DNA was discovered to be the hereditary material by answering the following questions.  On this sheet you should answer the questions and find the appropriate dates.  For each date, please summarize the experiment using words and colorful illustrations.

1. Who discovered that there was a hereditary molecule that could be transmitted between bacteria? 

2. What were the names of the three individuals who discovered that the transmittable molecule was DNA?  

3. Which two people did an experiment that supported the results of the people in questions 2? 

4. Who discovered that different species have different nucleotide compositions and that A pairs with T and G pairs with C (he has a rule named after him)?

5. Which pair supplied the X-ray diffraction photo of DNA?

6. Which pair published the double helix structure of DNA?

DNA Discovery Timeline – Teacher Notes

This activity is designed to have your students discover the important experiments and scientists that contributed to the discovery of DNA and its structure.  For this activity to be useful, students need to understand that DNA is the hereditary molecule and that it is composed of nucleotides (phosphate group, nitrogenous base, and a sugar molecule).

The information for the timeline can be obtained in many ways:

· Your textbook

· Internet research

· Library research

If you do not want your students to research about all of these experiments, you should modify the exercise.

Give students the handouts and make sure they understand the directions.  The answers to the questions are listed below.

Answers

1.  Griffith, 1928 – found a transforming factor that changed non-pathogentic bacteria into pathogenic ones.  Used 2 different strains of bacteria – the S strain killed the mice but the R strain did not.  When the S strain was heated, it also didn’t kill the bacteria.  When both heated S strain and R strain were added, the mice did die.

2.  Avery, MacLeod, and McCarty, 1944 – determined DNA and not protein was Griffith’s transforming factor.

3.  Hershey and Chase, 1952 – used bacteriophage and labeled the protein coat with radioactive sulfur and labeled the DNA with radioactive phosphorus.  The bacteriophages were allowed to infect the bacteria , blended to separate, and then centrifuged.  Radioactive sulfur was found in the top liquid (supernatant) and radioactive phosphorus was found in the cell fraction at the bottom.

4.  Chargaff, 1950 – discovered different organisms have different nucleotide compositions and that the percentage of A equals the percentage of T and the percentage of C equals the percentage of G – Chargaff’s Rule.

5.  Franklin and Wilkins, 1953 – used X-ray crystallography to photograph DNA.

6.  Watson and Crick. 1953 – published the double helix structure of DNA.

Reflective Write

Once students have learned the basics of this case study, but before they discuss this in groups or in class, they should write a reflective journal entry.  This is for two purposes.  In writing, students are able to express their initial opinions about this case.  By writing a reflective entry, students are beginning the process of thinking about the case and analyzing the issues and implications.

You could place the following on an overhead projector.

Reflective Write on the Case Study

Write one to two paragraphs
expressing and explaining 
your thoughts and opinions 
about the story of the discovery of the structure of DNA 
as just presented to you.

In-depth Timeline Surrounding the Discovery of DNA structure

Your job is to create a timeline of the roles of the key players (Watson, Crick, Franklin, Wilkins).  You need to find how they came to be associated with the project of discovering the structure of DNA and what their contribution was to this situation.  Not all dates can be find, but the timeline should use available dates and place the other events in an appropriate order.  

Possible sources

http://www.chemheritage.org/EducationalServices/chemach/ppb/cwwf.html
http://web.fccj.org/~ethall/dna/dna.htm
http://www.pbs.org/wgbh/aso/databank/entries/bofran.html
http://library.thinkquest.org/20465/franklin.html
http://library.thinkquest.org/20465/wilkins.html
http://library.thinkquest.org/20465/crick.html
http://library.thinkquest.org/20465/watson.html
http://www.sdsc.edu/ScienceWomen/franklin.html
http://www1.umn.edu/scitech/franklin.htm
http://www.accessexcellence.org/AB/BC/Rosalind_Franklin.htm
http://www.udl.es/usuaris/x4084987/DOCUMENTS/rockeffeller.pdf
There are many other good sources.  Please investigate as many resources as you can.  See if everything you read has the same perspective.

In-depth Timeline Surrounding the Discovery of DNA structure – Teacher Notes

This activity is designed to help the students get a good picture of everything that was going on surrounding this controversy.  The idea is to get them to understand the roles of Watson, Crick, Franklin, and Wilkins in this controversy.  As they research the will probably discover many different stories about how Watson and Crick got the information from Franklin’s research.  This could lead into a discussion about how we get our information, or the truth of media, etc.

Their research should give them the following basic ideas:

· After WWII, Rosalind Franklin joined the Laboratoire Centrale des Services Chimiques de l’Etat in Paris, where she learned the technique of X-ray crystallography and soon became an expert in the field. (1947-1950)

· In 1951 she joined John Randall’s laboratory at King’s College, Cambridge as a research associate.

· Wilkins was already working at King’s College and thought Franklin was hired to be a technical assistant, but the scientists were actually peers.

· In 1951 James Watson, an American, came to the Cavendish Laboratory in Cambridge.  He became interested in DNA after he heard Wilkins talk at a conference in Italy.

· When Watson came to the Cavendish Laboratory he teamed up with Crick

· Neither Watson nor Crick were supposed to be working on DNA because King’s College was already working on it and it was considered a waste of money, especially in this post-WWII setting.  

· Watson and Crick continued to work on forming a DNA model, but didn’t get far.

· Watson and Crick became interested in DNA again after Linus Pauling proposed a structure of DNA.

· Watson went to talk with Wilkins, and Wilkins gave Watson Franklin’s X-ray crystallography picture.

· From this picture, Watson and Crick deduced the structure and published their article in the April 1953 issue of Nature.

The Mad Pursuit

Final Project

Overview of the Project

As a culminating project for this unit, students write two letters.  First, they are asked to assume the role of Watson, Crick, or Franklin to draft a formal letter.  Then, they are asked to read and respond to the following set of prompts:

Part 1

Teacher Instructions

Divide the class into two groups.  Group A assumes the role of Watson or Crick and maintains that identity throughout the entire project.  They write a letter to Rosalind Franklin from that perspective.  Group B assumes the role of Rosalind Franklin and writes a letter to Watson or Crick from that perspective.  

Watson or Crick Write a Letter

Consider the case study “The Search for the Structure of DNA”.  Assume the role of either James Watson or Francis Crick and write a formal letter to Rosalind Franklin, stating your reasons for using her research.   Identify the central ethical question that you (Watson or Crick) believe is most critical to this case.  Then describe your actions, and justify your reasoning.  If you decide to extend an apology, then clearly explain your rationale.  If you feel that an apology is unnecessary, explain your reasoning as well.

Rosalind Franklin Writes a Letter

Consider the case study “The Search for the Structure of DNA”.  Assume the role of Rosalind Franklin and write a formal letter to James Watson & Francis Crick, stating your perspective on the use of your work in the process of describing DNA.  Identify the central ethical question that you (Franklin) believe is most critical to this case. Justify your point of view and if necessary, state the action that you feel should be taken to assign proper credit.

Part 2

Teacher Instructions

Remember that students are to maintain their role through the entire project.  Here, they read and respond to a letter written by a student in the opposing group.

Watson or Crick Responds

Maintain your role as Watson or Crick.  Carefully read the letter from Rosalind Franklin, considering her perception of the situation.  In a formal letter, respond to each point in her letter, clearly stating any action you may or may not take.  Again, justify the reasons for your (Watson or Crick’s) decisions.  

Rosalind Franklin Responds

Maintain your role as Rosalind Franklin.  Carefully read the letter from Watson or Crick, and consider their perception of the situation.  In the formal letter, respond to each point, clearly stating any action that you feel should be taken.  Again, justify the reasons for your (Franklin’s) decisions.

Final Reflective Write

Now that you have completed this project, what are your thoughts and opinions about it?  

Some questions/topics to consider:

· Has your view of science and/or the science process changed at all?

· Has your view of the characters involved changed?

· Did the thoughts/feelings/opinions you had in your first reflective write change as you went through this process to the end?  Are your thoughts/feelings/opinions different now?   What does this mean to you when you think about considering a new case scenario in the future?

· Why isn’t this a quick and easy process?

· Did you enjoy this project, and why or why not?

Issue:





Controversy:





Key Player





Key


Player





Key Player





Key Player





Values, Claims, Concerns





Values, Claims, Concerns





Values, Claims, Concerns





Values, Claims, Concerns





Which basic principle(s) are violated?


Right to choose and know (Autonomy)


Do No Harm (Nonmaleficence)


Do Good (Beneficence)


Justice 





Facts that we know:





Information we need:





Other Considerations:





What is the Ethical Dilemma?





Which solution meets key player needs and considers their relationships with each other?





Which solution respects the rights and dignity of the key players?





Which solution would develop the character traits that we value most in individuals?





Which solution would support a good general rule to follow in similar situations?





So, tell me what actually happened?





Which solution would produce the most good and the least harm?





Is the solution the same for all key players?  How might the different key players view your solution?  Is there one solution that could satisfy everyone?





























 








