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	HONESTY IN THE LAB
By Shawna Hodge, Linda Peterson, and Amy Viveiros


This lesson is intended to be used near the beginning of the school year to introduce ethics and honest lab practices. Different introductory labs are provided so that it could be used in a biology, chemistry, or physics class. The target students are in middle or high school.

	Day
	Activities

	1
	Introductory lab, introductory case studies (using Ethical Framework WS) and discussion

	2
	Introduction to values and ethics, follow-up case study and discussion

	These “days” are 50 minute days.


OBJECTIVES

· To introduce the concepts of ethics in science to the students.

· To demonstrate the concept of the importance of honest data reporting

EALRs
Intellectual Honesty (IN05 2.2.6)

1.    Grades 6, 7, & 8:  Understand the operational and ethical traditions of science and technology, such as skepticism, cooperation, intellectual honesty, and proprietary discovery. 

1.
Grades 9 & 10:  Analyze and explain why curiosity, honesty, openness, and skepticism are integral to scientific inquiry. 

Evaluating Inconsistencies (IN08 2.2.8)

3.
Grades 6, 7, & 8:  Provide more than one explanation for events or phenomena; defend or refute the explanations using evidence. 

3.
Grades 9 & 10:  Compare, contrast, and critique divergent results from scientific investigations based on scientific arguments and explanations.  

Evaluating Methods of Investigations (IN09 2.2.9)

4.
Grades 6, 7, & 8:  Describe how methods of investigation relate to the validity of scientific experiments, observations, theoretical models, and explanations.

4.
Grades 9 & 10:  Analyze and evaluate the quality and standards of investigative designs, processes, and procedures. 

LESSON DESCRIPTION


Start with an introductory lab that is meant to be easy (and fun) and that will require about half the class period. The purpose of this lab is to give the students an opportunity to collect some data that is needed to come to a conclusion. They also have the opportunity to fudge their data to reach what they perceive to be the “right” conclusion. After allowing time for all groups to reach that point, the teacher changes the focus of the class to honesty in data reporting. Five fictional case studies can be used to do this using the ethical decision making framework worksheet.  Use one of the small case studies to model the use of the framework.  Be sure the students understand who the stakeholders are and what that term means. Then each group can be given a different study and encouraged to grapple with the ethical issues involved. The groups then report back their conclusions about these case studies. The teacher can pull it all back together at the end of class by asking which groups were tempted to (or actually did) make up data, ignore data, copy data, or take credit for work they didn’t do and why they felt the need to do this.


The following day, the teacher starts with a brief review of dishonesty in data reporting and asks students to brainstorm reasons data must be reported honestly. This can lead to a discussion of science works and of the basic values of science. The discussion can also include how relevant this is to how this class will work throughout the year and what the values of the class will be. Then the follow-up case study is presented and small groups of students are given time to read it and address ethical issues raised. Each group can be asked to take the role of a different stakeholder. Near the end of class, each group can share their thoughts with the others.  Additional questions are included to extend this into the following day, be assigned as homework, or brought up later in the year.

ATTACHED MATERIALS

Introductory Labs

· Physics – How does it fall?  Let me count the time.
· Chemistry #1 (doesn’t require a lab room):  Density Lab – Mystery Columns
· Chemistry #2 (requires a lab room):  Welcome to the Chemistry Classroom!
· Biology – Welcome to the Biology Classroom!
Introductory Case Studies (5)

· Teacher copies of all five studies
· Student worksheets
· One case study with Ethical Decision Making Framework attached
Follow-up Case Studies (2)

· Teacher/Student version of Fraud in Science:  Truth or Consequences (fictitious)
· Teacher version of Millikan Case (historically based)
· Student Handout for Millikan Case
· Follow-up Case Studies:  Ethical Discussion Worksheet
Physics:          How does it fall? Let me count the time.
1. Each group needs a (different) ball, two metersticks, and a stopwatch. 

2. Drop your ball from 5 different heights (1.0 m, 1.5 m, 2.0 m, 2.5 m, 3.0 m) and time

    how long it takes your ball to fall to the ground. 

3. Record your results in the table.

	Distance Fallen (meters)
	Time to fall (seconds)
	Time squared (seconds squared)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


4. On Graph 1, put time on the x-axis and distance on the y-axis. 

5. On Graph 2, put time squared on the x-axis and distance on the y-axis.

GRAPH 1
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GRAPH 2
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6. Look carefully at your two graphs.  

7. Based on YOUR data, what can you say about the mathematical connection between 

    distance and time for falling objects?

Chemistry #1 (no labroom required):  Density lab – Mystery column
Supplies:


Large lidded cylinder (tennis ball container works great)

Small (20-50ml) clear graduated cylinders for the students: 1 per group

Measuring cups or beakers

Paper cups

Honey

Coke

Red Kool-aid, already mixed

Blue Kool aid, already mixed

Blue dish detergent

Yellow dish detergent

Gatorade, blue and red

Isopropyl alcohol

Red and blue food coloring

Water source

Light corn syrup

Vegetable oil

Apple juice

Chicken broth

1. Before the students come to class, make the mystery column. In the following order, fill a clear cylinder with: honey, water with red food coloring, salad oil, and alcohol with blue food coloring.  Be sure to pour slowly down the side of the cylinder to create the layers. Put the lid on.

2. Create a solutions station with all the above solutions and cups.

3. Have the students examine the column, but tell them NOT to touch or open the container.

4. The task for the student is to reproduce a column with 4 distinct layers in the     same order as the teacher’s.

5. The students are to work in small groups and record their attempts on a piece of paper. 

6. Hand a student instruction sheet and a cylinder to each group.

7. Have them attempt to create a column.

8. Circulate and assess whether the students are working together as a cooperative group and whether each group is working independently. Don’t correct them if they are not following instructions.

9. At the half way point of the class period, stop the class and have each group   report what they were able to do.

10. At the end of the reporting period, introduce the case studies and start the discussion about ethical reporting of data and results. 

Student Instructions             Mystery Column
Supplies

Clear graduate cylinders for the students 1 per group

Measuring cups or beakers

Paper cups

Honey

Coke

Red Kool-aid, already mixed

Blue kool aid, already mixed

Blue dish detergent

Yellow dish detergent

Gatorade, blue and red

Isopropyl alcohol

Red and blue food coloring

Water source

Light corn syrup

Vegetable oil

Apple juice

Chicken broth

Procedure

1. Look at the teacher’s column, but do NOT touch or open the container.

2. Discuss with your group which of the available liquids you think the teacher used and in what order.

3. Have one member of your group get the four solutions your group has decided to use.

4. Bring each of the liquids in a separate cup back to the group.

5. Pour them into your cylinder in the order your group has selected.

6. Record your results.  Did you have layers?  How many?  In what order?

7. You may try again if there is time.

Chemistry #2 (labroom required)
Welcome to the Chemistry Classroom!

Purpose:
To determine the boiling point of a given liquid and graph the 

heating curve

Materials:
150 mL beaker
hot plate
thermometer


Procedure:

1. Remember to wear your safety goggles at all times in the laboratory!

2. Obtain your liquid from your teacher and record the number of your vial.

3. Pour ~50 mL of your liquid into your beaker.

4. Measure the temperature of your liquid.

5. Place your beaker with your liquid on your hot plate.

6. Turn the hot plate on.

7. Record the temperature of your liquid EVERY 2 minutes for 16 minutes.

a. Do not allow your thermometer to sit on the bottom of your beaker!!!
8. After 16 minutes turn off your hot plate and allow your beaker to cool.

9. Pour the contents of your liquid into the waste container and clean up your lab bench.

10. Return to your seat and graph your data.

Data:

Vial number:


	Minutes Elapsed
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	Beginning (0 minutes)
	

	2


	

	4


	

	6


	

	8


	

	10


	

	12


	

	14


	

	16


	


Teacher Notes for Lab:

This lab can have as many (or as few) different liquids as you want.  Those listed below are simply suggestions:

1. water

2. salt water

3. water with blue (or other color) food coloring

4. dilute copper sulfate solution

5. gelatin solution

6. corn syrup

7. sugar water

I plan on using hot plates as this will be at the very beginning of the year and these will pose less risk that Bunsen burners.  However, any heat source would work.  Remember, the main point of this lab is to give an opportunity to discuss ethics of truth in data, NOT TO IDENTIFY BOILING POINTS.  (
Biology:

Welcome to the Biology Classroom!

Purpose:
To jumpstart your brains after summer vacation and remind you 

how to measure!  (
Materials:
pencil

worksheet

various lab stations


Procedure:

1.  This is an INDIVIDUAL assignment.

2.  There are 10 stations throughout the room.  At each station is an item to measure.

3. Following the directions given at the station, measure the item and record in your data table.

4. When finished, enter your data on the chart in the front of the room.

5. Return to your seat and wait for the others to finish.

Data:

	Lab Station
	Object 
	Measurement

	1


	
	

	2


	
	

	3


	
	

	4


	
	

	5


	
	

	6


	
	

	7


	
	

	8


	
	

	9


	
	

	10


	
	


Teacher Notes for Lab:

This lab can have as many (or as few) different stations as you want.  Those listed below are simply suggestions:

	Object
	Quantity
	Equipment

	String or wire
	Length
	Meter stick

	Water in beaker
	Temperature
	Thermometer

	Lemon juice in beaker
	pH
	pH paper

	Lab table
	Height
	Student’s hand

	Several coins
	Time to add total value
	Stopwatch

	Copper (or other metal) wire
	Length
	Ruler

	Block of wood
	Mass
	Electronic balance

	Metal weight
	Mass
	Triple beam balance

	Metal weight
	Weight
	Spring scale

	Classroom
	Width
	Student’s foot

	Liquid in beaker
	Volume
	Graduated cylinder


Be sure to prepare chart on board or overhead prior to beginning this activity.  As each student finishes they will enter their information and then you can have a discussion when all are finished.

INTRODUCTORY CASE STUDIES:  Teacher should decide which case studies to use and make copies for students.  The suggestion is that each group would receive only one case study. The teacher may choose to model #1 with the class.

Case # 1 (Making up data #1) 

John is doing a research study for his earth science class. The object of the study is to measure and make a plot of the altitude of the sun at noon over a four-month period. He collects data every third day. At the end of the four months John has six missing data points because cloudy weather on those days prevented him from making the necessary measurements. He knows that he could estimate the correct data points for the missing days and simply include them in both his table of data and his graph. 

· Should John make up data for the missing days?

Case # 2 (Making up data #2)

Joe is making electrical measurements in a physics laboratory. Joe is a good student and is confident that he has set up the circuit properly. When Joe tries to do the required calculations to verify the formulas in his physics book he finds that the data he took appears to be incorrect. He suspects that one of the electrical components he was given is not working properly. His teacher, Mr. Grim, is busy helping some of the weaker students so Joe decides not to report his problem. He knows he can do the mathematical calculations to determine what a correct set of data would be and simply change his own data to match what he has calculated. 

· Should Joe calculate his data instead of using his measurements?

Case # 3 (Copying data)

Pete, Brooke and Lisa are laboratory partners in their chemistry class. Yesterday Lisa was absent. This required Pete and Brooke to work very diligently to complete the experiment during the lab period so they could hand in the report in class today. Today Lisa has returned to school after being ill. She meets her lab partners on the way into school in the morning and asks them for the data from yesterday's experiment so she can write it up during study period and hand it in. 

· Should Pete and Brooke let Lisa copy their data?

Case # 4 (Deleting data)
Andy is doing a physics lab in which he attaches different masses to the end of a spring and measures the increase in the length of the spring. The instructions are to express the results in the form of a simple graphical plot of the data. He quickly discovers that if he plots the mass versus the increase in the spring's length, most of the points fall on a straight line, but two of the points are clearly off the line. Assuming that he must have made an error in measuring the spring's length in the case of these two points, Andy knows he could just erase them from his graph and data table when he hands in his lab report. 

· Should Andy delete the data that doesn’t match?

Case # 5 (Taking credit for another’s work)
Janet is putting a lot of effort into her final earth science report. She neglected the course earlier in the year and chose a difficult topic to impress her teacher and get a good grade. Her friend Sarah, who is a very good student, is working on the same topic. Janet asks whether she can work cooperatively with Sarah, as permitted by her teacher. Janet then puts in little further effort, knowing she can rely on Sarah to do a good job.  

· Should Sarah let Janet put her name on the report? 

Adapted from Goldfarb and Pritchard -- http://onlineethics.org/edu/precol/classroom/lesson2.html
ETHICAL DECISION MAKING FRAMEWORK - Case # 1
John is doing a research study for his earth science class. The object of the study is to measure and make a plot of the altitude of the sun at noon over a four-month period. He collects data every third day. At the end of the four months John has six missing data points because cloudy weather on those days prevented him from making the necessary measurements. He knows that he could estimate the correct data points for the missing days and simply include them in both his table of data and his graph. 

· Should John make up data for the missing days?

	1.  Relevant Facts (known information)


	2.  Questions that remain (unknown, need to know)

	3.  Stakeholders (people and/or entities affected by the decision)


	4.  Values/concerns of each stakeholder

	5.  Possible Solutions



	6. Decision and Justification




Framework by Hastings Center, used with permission

Adapted from Goldfarb and Pritchard -- http://onlineethics.org/edu/precol/classroom/lesson2.html
ETHICAL DECISION MAKING FRAMEWORK - Case # 2

Joe is making electrical measurements in a physics laboratory. Joe is a good student and is confident that he has set up the circuit properly. When Joe tries to do the required calculations to verify the formulas in his physics book he finds that the data he took appears to be incorrect. He suspects that one of the electrical components he was given is not working properly. His teacher, Mr. Grim, is busy helping some of the weaker students so Joe decides not to report his problem. He knows he can do the mathematical calculations to determine what a correct set of data would be and simply change his own data to match what he has calculated. 

· Should Joe calculate his data instead of using his measurements?

	1.  Relevant Facts (known information)


	2.  Questions that remain (unknown, need to know)

	3.  Stakeholders (people and/or entities affected by the decision)


	4.  Values/concerns of each stakeholder

	5.  Possible Solutions



	6. Decision and Justification




Framework by Hastings Center, used with permission

Adapted from Goldfarb and Pritchard -- http://onlineethics.org/edu/precol/classroom/lesson2.html
ETHICAL DECISION MAKING FRAMEWORK - Case # 3

Pete, Brooke and Lisa are laboratory partners in their chemistry class. Yesterday Lisa was absent. This required Pete and Brooke to work very diligently to complete the experiment during the lab period so they could hand in the report in class today. Today Lisa has returned to school after being ill. She meets her lab partners on the way into school in the morning and asks them for the data from yesterday's experiment so she can write it up during study period and hand it in. 

· Should Pete and Brooke let Lisa copy their data?
	1.  Relevant Facts (known information)


	2.  Questions that remain (unknown, need to know)

	3.  Stakeholders (people and/or entities affected by the decision)


	4.  Values/concerns of each stakeholder

	5.  Possible Solutions



	6. Decision and Justification




Framework by Hastings Center, used with permission

Adapted from Goldfarb and Pritchard -- http://onlineethics.org/edu/precol/classroom/lesson2.html
ETHICAL DECISION MAKING FRAMEWORK - Case # 4

Andy is doing a physics lab in which he attaches different masses to the end of a spring and measures the increase in the length of the spring. The instructions are to express the results in the form of a simple graphical plot of the data. He quickly discovers that if he plots the mass versus the increase in the spring's length, most of the points fall on a straight line, but two of the points are clearly off the line. Assuming that he must have made an error in measuring the spring's length in the case of these two points, Andy knows he could just erase them from his graph and data table when he hands in his lab report. 

· Should Andy delete the data that doesn’t match?
	1.  Relevant Facts (known information)


	2.  Questions that remain (unknown, need to know)

	3.  Stakeholders (people and/or entities affected by the decision)


	4.  Values/concerns of each stakeholder

	5.  Possible Solutions



	6. Decision and Justification




Framework by Hastings Center, used with permission

Adapted from Goldfarb and Pritchard -- http://onlineethics.org/edu/precol/classroom/lesson2.html
ETHICAL DECISION MAKING FRAMEWORK - Case # 5

Janet is putting a lot of effort into her final earth science report. She neglected the course earlier in the year and chose a difficult topic to impress her teacher and get a good grade. Her friend Sarah, who is a very good student, is working on the same topic. Janet asks whether she can work cooperatively with Sarah, as permitted by her teacher. Janet then puts in little further effort, knowing she can rely on Sarah to do a good job.  

· Should Sarah let Janet put her name on the report? 
	1.  Relevant Facts (known information)


	2.  Questions that remain (unknown, need to know)

	3.  Stakeholders (people and/or entities affected by the decision)


	4.  Values/concerns of each stakeholder

	5.  Possible Solutions



	6. Decision and Justification




Framework by Hastings Center, used with permission

Case Study adapted from Goldfarb and Pritchard -- http://onlineethics.org/edu/precol/classroom/lesson2.html
FOLLOW-UP CASE STUDIES (choose one or both)

Note:  The first case study is identical for both student and teacher.  In the second case study (Millikan) the teacher version of the study is followed by the suggested handout for students.

Fraud In Science: Truth or Consequences
Dr. Jana A. is a young research scientist working in the research and development department of Crick Biotech, Inc. For the past three years she has been a member of a team of scientists examining the properties of genetically altered strains of E. coli bacteria. The aim of the research is to produce a strain that meets the following criteria: 

1. The bacteria will be pathogenic to any organism they may come in contact with. 

2. The genetic alteration will allow these bacteria to live symbiotically with tobacco    plants and to be capable to fix nitrogen (convert atmospheric nitrogen to a chemical form that can be used by the plants). The result would be healthier, more productive tobacco plants, requiring less fertilizer -- thus reducing costs for tobacco farmers. 

Other members of Dr. Jana’s team include her Senior Associate, who is her immediate supervisor, and the Project Director, who is responsible for reporting the group’s findings and making recommendations to corporation's Board of Directors. 

The project director, Dr. Enrico F., is 68 years old. While he is well respected in the scientific community and in the corporation, he has been under recent pressure from the Board. He has not produced a money-making development in several years. Some of the younger Board members feel he no longer practices "cutting edge" science. He would very much like to prove them wrong before his anticipated retirement in two years. 

The senior associate, Dr. Marie C., is 45 years old. She is widely considered to be next in line for Project Director. She is responsible for the day-to-day operation of the team's research effort. Her principal duty is to oversee the work of several junior research scientists, including Dr. Jana. In addition to her responsibilities at the lab, she is president of the local chapter of the national organization, Women Scientists in Industry. 

Dr. Jana has been given the responsibility for a critical part of the investigation. She has isolated a strain of altered bacteria which has been shown to meet the second set of requirements. Dr. Jana is conducting tests to make sure that it isn't pathogenic. Dr. Jana believes that the strain she has isolated is safe. Most of the data support this hypothesis. However, some data suggest potential problems. It is known that other mutant forms of E. coli can cause serious, sometimes fatal human infections. Dr. Jana is aware of this. She also knows that future funding for the research, and possibly her job, may be in doubt if her problematic data become known. She makes note of the data in her notebook, but does not include it in the positive research report that she writes on the results of her tests on the new bacterial strain. 

Dr. Marie reviews the report and notices what appears to be some missing data and inconsistencies. Like Dr. Jana, she is very anxious to see the team's positive results recognized. Therefore, despite her doubts she approves the report and sends it to the Project Director. A week later, still troubled she asks Dr. Jana about the inconsistencies. She reviews Dr. Jana's lab notes and observes that there are a small number of "weird" data that raise some questions about the safety of the new strain of bacteria. She decides to support Dr. Jana's decision to ignore this data and makes no further report to Dr. Enrico. 

Dr. Enrico meets with the Board of directors to announce the team's encouraging findings. He makes the following recommendations: 

1. Crick Biotech should invest corporate funds in producing large quantities of the new strain of bacteria and make a public announcement of the forthcoming availability of the new product. 

2. The new strain should be named E. enrico, in honor of its producer and developer. 

3. The research results will be published in a paper that will list only his and Dr. Marie's names as authors. 

QUESTIONS (Bring written responses to class tomorrow) 

1. Which actions by the three principal characters in this fictional case study would you consider unethical? Why? 

2. What do you think motivated each of the unethical acts that you described in answering the first question? How do these motivations affect your judgment of the moral character of each of these individuals? 

3. Do you think that questionable behavior like that described in this case study is common among research scientists? What is the basis for your answer? 

4. What negative consequences are likely to arise as a result of the unethical behavior you have identified? 

5. In addition to these specific examples of unethical behavior, can you think of any other ethics or values that are brought to mind by this case? 

Bottom of Form

From Goldfarb and Pritchard -- http://onlineethics.org/edu/precol/classroom/lesson7.html
Teacher Version - Case Study #2: The Millikan Case –                      Discrimination Versus Manipulation of Data


Categories of Ethics/Values Issues Illustrated by This Case: Issues related to the collection, treatment and presentation of scientific data. 

1. Introduction 

Of all the various types of temptations in science, the temptation to "fudge", or even invent data outright, is probably the one which high school science students will find most familiar. It happens all the time: their instruments give one result -- but they know that everybody else is getting some other result, or that something's wrong with the way they have done it, or that the result that people got last year is different, or that the result in the book is different. 

What makes this an ethical issue, rather than just an issue of laboratory practice, is that the action that most promotes one's self-interest can be different from the "right" thing to do. 

The Millikan case highlights a number of the important issues involved. But by itself, it is probably too complicated to use in helping students navigate this issue. One can, however, set up simpler situations to illustrate the same points. As those historians who have analyzed the record of Millikan's treatment of his experimental data, and other similar cases, have pointed out, it is not always easy to distinguish between the "right" thing to do, inappropriate but inadvertent manipulation, and intentional fudging. Scientists agree that there are circumstances when some of the data collected in an experiment can be rejected or disregarded. In some cases statistical rules can be used as guidance, but in many situations it is left to the judgment of the experimental scientist to decide if a problem with the equipment or some other consideration justifies discarding a datum or a set of data. An acceptable practice, but one that is rarely followed, is to decide in advance what specific observed circumstances in a particular experimental situation would justify data rejection. 

2. Background 

In the 1930s and 1940s, Robert A. Millikan was the most famous U.S. scientist of his time. He had won the Nobel Prize in 1924, largely due to his important and innovative measurement, carried out around 1910, of the charge on the electron -- one of the most central physical constants that scientists of that era had been seeking to determine. 

In 1897, British experimenter J. J. Thomson had discovered the electron and measured the ratio of its charge to mass (the e/m ratio): an event which helped to usher in the electronic age. The e/m ratio of the electron was related to a number of other important quantities of interest to scientists. But without knowing either the charge e or the mass m of the electron, all one had was a set of relative values; it would be like knowing a set of values in units of a foreign currency -- that a house costs x times what a car costs, which in turn costs y times what a newspaper costs -- without knowing the value in your own currency of any one. Measuring the mass of an electron seemed out of the question; you couldn't put one on a scale and read a dial. But neither, it seemed, could you isolate an electron and measure its charge on an electrometer. Around the turn of the century, Thomson and several of his students at the Cavendish Laboratory tried various means of indirect measurement, with unconvincing results. Moreover, until one had a relatively direct way of measuring the charge on the electron, one couldn't really be sure that the electron was indeed an "atom of electricity." It was still at least possible that electrons came in a spectrum of charges. 

Millikan's method involved watching the behavior of oil droplets in an electrically charged field. Tiny oil droplets are ionized by passage through an atomizer; they have an extra electron or electrons riding on them. A droplet is allowed to fall between two plates, and then an electric field is created which pulls the droplet upwards. The speed of the droplet depends on the charge riding on it. Thus the basic measurement is the rise time; how long it takes a particular drop to rise a certain distance. If electrons had a spectrum of charges, one would expect a corresponding continuous spectrum of rise times. If, on the other hand, all electrons had the same charge, the charge on each ion would be multiples of a single number, a fact which would be reflected by rise times that would also be simple multiples of each other. 

Millikan published tables of his measured drops and their rise times. What these tables indicated was that the charges on the droplets were, indeed, multiples of the same number -- thus, the charge of the electron. He then wrote a series of papers on his experiments. He would win the Nobel Prize in Physics for this work; he was only the second American to be so honored. Millikan considered the experiment to be such a direct and irrefutable demonstration of the atomicity of electric charge that he wrote in his autobiography that "he who has seen that experiment, and hundreds of observers have observed it, [has] in effect SEEN the electron." 

3. The Case 

An examination of Millikan's own papers and notebooks reveals that he picked and chose among his drops. That is, he exercised discrimination with respect to which drops he would include in published accounts of the value of e, leaving many out. Sometimes he mentioned this fact, and sometimes he did not. Of particular concern is the fact that in his 1913 paper, presenting the most complete account of his measurements of the charge on the electron, Millikan states "It is to be remarked that this is not a selected group of drops but represents all of the drops experimented upon during 60 consecutive days." However, Millikan's notebook shows that of 189 observations during the period in question, only 140 are presented in the paper. 

Millikan's results were contested by Felix Ehrenhaft, of the University of Vienna, who claimed to have found "subelectrons." Moreover, Ehrenhaft claimed that his finding was in fact confirmed by some of Millikan's own data -- droplets that Millikan had mentioned but discounted in his published writings. The result was a decades-long controversy, the "Battle over the Electron," over whether or not there existed subelectrons, or electrons with charges of different values. This controversy makes an excellent case study because we are fortunate, thanks to Millikan's notebooks, to be able to see very specifically which drops he included and which he did not. 

In retrospect, we know that Millikan was "right" and Ehrenhaft "wrong." Electrons, to the best of our present experimental and theoretical knowledge, have a specific, discrete charge. 

Those scientists and other scholars who have carefully reviewed this case have failed to agree on whether Millikan was guilty of unethical behavior or "bad science" in the treatment and presentation of his data. One of the expressed opinions condemns Millikan on the simple basis of the fact that his published statement is at odds with what can be concluded from an uncritical examination of his laboratory notebooks. Others exonerate Millikan on the basis of a careful analysis and interpretation of comments on the data that appear in the notebooks. In the opinion of these Millikan defenders, the assertion that all drops were presented in the paper refers to all of the data taken under those conditions when the apparatus was working properly. Some of the scientists who have commented on this case appear to permit Millikan much discretion in the use of his "scientific intuition" to decide which data to include or exclude. This latter view seems to be guided by the principle that any scientist who consistently gets what turns out to be the correct answer is doing "good" science. 

4. Readings 

For biographical information about Robert A Millikan and the history of the oil-drop experiment that will provide the context for this case we suggest that you read: 

"Robert A. Millikan," by Daniel J. Kevles, Scientific American, 240, pp 142-151 (January 1979). 

"My Work With Millikan On the Oil-drop Experiment," by Harvey Fletcher, Physics Today, pp 43-47 (June 1982). 

For a detailed analysis of the Millikan's work on the oil-drop experiment, including what he wrote in his laboratory notebooks see: 

"Subelectrons, Presuppositions and the Millikan-Ehrenhaft Dispute" in The Scientific Imagination, by Gerald Holton (Cambridge, Mass: Cambridge Univ. Press, 1978). 

For several perspectives on the Millikan case and on other controversies concerning the analysis and presentation of scientific data see: 

Betrayers of Truth, by William Broad and Nicholas Wade (New York: Simon and Schuster, 1983). 

"Forging, Cooking, Trimming, and Riding the Bandwagon," by Allan Franklin, American Journal of Physics, 52, pp 786-793 (1984). 

"Moral Theory and Scientific Research," by Bernard Gert in Ethics, Values and the Premise of Science Sigma Xi Forum, San Francisco 1993 (Research Park, NC: Sigma Xi Publishing Office, 1993). 

"Scientific Fraud," by David Goodstein, The American Scholar, 60, (Autumn 1991). 

False Prophets: Fraud and Error in Science and Medicine, by Alexander Kohn (New York: Basil Blackwell, 1986). 

5. The Issues – we suggest using all three of the following ethical questions – giving one question to each group to discuss while completing the Ethical Discussion Worksheet.  The general questions can be used during a class discussion to tie all activities together, or assigned as homework to be discuss the following day.  Additionally, you may wish to return to these questions at a later date.

Ethical questions specifically related to the Millikan case: 

· Does the contradiction between Millikan's unqualified statement that he has published allthe oil-drop data and the evidence of unpublished oil-drop measurements in his notebooks prove that he is guilty of unethical scientific behavior? 

· If Millikan had not claimed to have published all the data, would he still be guilty of questionable behavior? 

· Should the fact that Millikan was a highly successful scientist, and that he got the right answer in the controversy about the charge on the electron be a consideration in judging his scientific ethics? 

More general questions about the manipulation and presentation of data raised by this case: 

· What criteria should be used in deciding whether data can be legitimately discarded? 

· When a scientist uses his or her "intuition" as the basis for deciding whether to ignore certain data, is the question of the ethics of this action dependent on whether the conclusion reached by the scientist is later proven to be correct? 

· Is the intentional manipulation and selection of data in order to falsely prove a scientific premise less of a violation of acceptable ethical standards than the outright fabrication of data? 

· Does the need for an accurate record to determine whether data have been treated and presented appropriately imply certain universal standards for the recording of observations by scientists? If so, what are these standards? 
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Bottom of Form

The Millikan Case - Discrimination Versus Manipulation of Data

Background In the 1930s and 1940s, Robert A. Millikan was the most famous U.S. scientist of his time. He had won the Nobel Prize in 1924, largely due to his important and innovative measurement, carried out around 1910, of the charge on the electron -- one of the most central physical constants that scientists of that era had been seeking to determine. 

In 1897, British experimenter J. J. Thomson had discovered the electron and measured the ratio of its charge to mass (the e/m ratio): an event which helped to usher in the electronic age. The e/m ratio of the electron was related to a number of other important quantities of interest to scientists. But without knowing either the charge e or the mass m of the electron, all one had was a set of relative values; it would be like knowing a set of values in units of a foreign currency -- that a house costs x times what a car costs, which in turn costs y times what a newspaper costs -- without knowing the value in your own currency of any one. Measuring the mass of an electron seemed out of the question; you couldn't put one on a scale and read a dial. But neither, it seemed, could you isolate an electron and measure its charge on an electrometer. Around the turn of the century, Thomson and several of his students at the Cavendish Laboratory tried various means of indirect measurement, with unconvincing results. Moreover, until one had a relatively direct way of measuring the charge on the electron, one couldn't really be sure that the electron was indeed an "atom of electricity." It was still at least possible that electrons came in a spectrum of charges. 

Millikan's method involved watching the behavior of oil droplets in an electrically charged field. Tiny oil droplets are ionized by passage through an atomizer; they have an extra electron or electrons riding on them. A droplet is allowed to fall between two plates, and then an electric field is created which pulls the droplet upwards. The speed of the droplet depends on the charge riding on it. Thus the basic measurement is the rise time; how long it takes a particular drop to rise a certain distance. If electrons had a spectrum of charges, one would expect a corresponding continuous spectrum of rise times. If, on the other hand, all electrons had the same charge, the charge on each ion would be multiples of a single number, a fact which would be reflected by rise times that would also be simple multiples of each other. 

Millikan published tables of his measured drops and their rise times. What these tables indicated was that the charges on the droplets were, indeed, multiples of the same number -- thus, the charge of the electron. He then wrote a series of papers on his experiments. He would win the Nobel Prize in Physics for this work; he was only the second American to be so honored. Millikan considered the experiment to be such a direct and irrefutable demonstration of the atomicity of electric charge that he wrote in his autobiography that "he who has seen that experiment, and hundreds of observers have observed it, [has] in effect SEEN the electron." 

The Case An examination of Millikan's own papers and notebooks reveals that he picked and chose among his drops. That is, he exercised discrimination with respect to which drops he would include in published accounts of the value of e, leaving many out. Sometimes he mentioned this fact, and sometimes he did not. Of particular concern is the fact that in his 1913 paper, presenting the most complete account of his measurements of the charge on the electron, Millikan states "It is to be remarked that this is not a selected group of drops but represents all of the drops experimented upon during 60 consecutive days." However, Millikan's notebook shows that of 189 observations during the period in question, only 140 are presented in the paper. 

Millikan's results were contested by Felix Ehrenhaft, of the University of Vienna, who claimed to have found "subelectrons." Moreover, Ehrenhaft claimed that his finding was in fact confirmed by some of Millikan's own data -- droplets that Millikan had mentioned but discounted in his published writings. The result was a decades-long controversy, the "Battle over the Electron," over whether or not there existed subelectrons, or electrons with charges of different values. This controversy makes an excellent case study because we are fortunate, thanks to Millikan's notebooks, to be able to see very specifically which drops he included and which he did not. 

In retrospect, we know that Millikan was "right" and Ehrenhaft "wrong." Electrons, to the best of our present experimental and theoretical knowledge, have a specific, discrete charge. 

Those scientists and other scholars who have carefully reviewed this case have failed to agree on whether Millikan was guilty of unethical behavior or "bad science" in the treatment and presentation of his data. One of the expressed opinions condemns Millikan on the simple basis of the fact that his published statement is at odds with what can be concluded from an uncritical examination of his laboratory notebooks. Others exonerate Millikan on the basis of a careful analysis and interpretation of comments on the data that appear in the notebooks. In the opinion of these Millikan defenders, the assertion that all drops were presented in the paper refers to all of the data taken under those conditions when the apparatus was working properly. Some of the scientists who have commented on this case appear to permit Millikan much discretion in the use of his "scientific intuition" to decide which data to include or exclude. This latter view seems to be guided by the principle that any scientist who consistently gets what turns out to be the correct answer is doing "good" science. 
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