
1

Methods and Manners in Science

The Responsible Conduct of Research

Francis L. Macrina
Vice President for Research

Virginia Commonwealth University

The Scientific Method

What are the steps of the scientific method as 
typically described in textbooks?   Do you think 
scientific research usually progresses according to 
the scientific method?   
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The Textbook Scientific Method

1. Create a hypothesis
2. Test the hypothesis
3. Hypothesis not supported: modify it 

or return to step 1
4. Hypothesis supported: devise new tests 

to prove it wrong
5. Hypothesis not proven wrong:  accept, publish, 

and  build on it
6. Well tested hypotheses that withstand experimental 

scrutiny become part of the body of scientific
knowledge

Some Stories About Scientific Discovery
(three “Nobel” examples)

Accident

Luck

Intutition
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Roentgen and his laboratory

Nobel Prize  1901
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Bacteriophage (a.k.a. bacterial viruses
“phage” for short)



5

A

infect
with
phage culture

lysed B
infect
culture

B

no
lysis

B

!

C

infect
culture

C

LYSIS

new 
phage
produced!!

substitute
culture
(expected to act like B)

? phage ?

new phage

Bacterial Restriction-Modification

1. Luria’s discovery: a primitive system of “recognition 
of self” in bacteria.

2.   “A”- propagated phage were recognized by “B”
bacteria and destroyed with enzymes that chop 
up DNA (specifically).

3. Bacteria A and C were similar (recognized each as   
“self”)

4. Ultimately DNA degrading enzymes of bacteria “B”
purified and used to “cut and splice” DNA, enabling 
recombinant DNA technology to be developed.

Nobel Prize  1969
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Barbara McClintock

1902-1992

Carnegie Institution-

Cold Spring Harbor 

Laboratory

DNA:
the double helix

A molecule of
stability, fidelity,
integrity
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Pigment
Gene “off”

Pigment

Gene “on”
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2003
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Nobel Prize  1983

Science in the public eye

Understanding and 
Accountability
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Lessons from Reading the Headlines….

1986 “Oat Bran may be the Next 
Miracle Food”

1988 “But not by Oats Alone”

1989 “Hot on the Heels of Oat Bran”

1990 “Oat Bran’s Claims Weakened”

1990 “Oat Bran Bites the Dust”

1991 “New Oat Bran Study Says 
Cholesterol is Lowered”

1992 “Oat Bran Really Does Cut
Cholesterol”

1992 “Lots of Oat Bran Found to Cut 
Cholesterol”
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Cholesterol, bile salts, and bile acids
stored in gall bladder, released 
into small intestine to digest fats

These are recycled back to 
liver via hepatic portal vein

Small amount 
removed
with feces

In the 
liver,homeostatic
mechanisms govern 
relative synthesis and 
breakdown of 
cholesterol and related 
compounds

Soluble fiber
e.g., oat bran

Lots  of bile 
salts removed
with feces ---
bound to 
soluble fiber

Decrease of bile salt 
concentration in the 
liver due to lack of 
“recycling”, causes 
the liver to break 
down cholesterol
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Responsible Conduct of 
Research

Most, if not all senior scientists (those trained in 
the 1970s and early 80s) never received 
instruction or training in responsible conduct of 
research (also called scientific integrity, research 
ethics, etc.)  Today, programs like the one you are 
in require that you receive instruction in this area.   
Why?
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RCR Generation Timeline
Mid 1970-1980s Highly publicized cases of alleged scientific 

misconduct grow in number

Early 1980s Congressional hearings on fraud in biomedical
research

Late 1980s-1990s Infrastructure:  definitions and policies;
mandated education 

1999-2001 Incidents and investigations:  human subject 
experimentation; more mandated education

2001→ Revised definitions and broad based 
emerging educational  policies

2005 Revised  Federal Regulations on Research 
Misconduct

2006 High profile cases continue in the media

Major Elements of Responsible Conduct of Research

Subject protection
-appropriate use of humans and animals in research

Research integrity
-data management, sharing and ownership
-authorship and publication practices
-peer review
-mentoring 
-collaborative research

Fiscal Accountability
-proper use of research funds
-conflict of interest

Environmental Health and Safety Issues
-training and compliance
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Sec. 93.103 Research misconduct. Research 
misconduct means fabrication, falsification, or 
plagiarism in proposing, performing, or reviewing 
research, or in reporting research results. (a) 
Fabrication is making up data or results and recording 
or reporting them. (b) Falsification is manipulating 
research materials, equipment, or processes, or 
changing or omitting data or results such that the 
research is not accurately represented in the 
research record. (c) Plagiarism is the appropriation of 
another person's ideas, processes, results, or words 
without giving appropriate credit. (d) Research 
misconduct does not include honest error or 
differences of opinion. 

Sec. 93.104 Requirements for findings of research 
misconduct. A finding of research misconduct made 
under this part requires that-- (a) There be a 
significant departure from accepted practices of the 
relevant research community; and (b) The misconduct 
be committed intentionally, knowingly, or recklessly; 
and (c) The allegation be proven by a preponderance 
of the evidence. 
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Responsible Conduct of 
Research

What’s your definition of scientific misconduct? Some 
assert that scientific misconduct includes practices that 
seriously deviate from those that are commonly accepted 
within the scientific community for proposing, conducting, or 
reporting research.  Others rebut this, saying that such 
thinking interferes with scientific creativity.  What do you 
think?

Fabrication
Falsification
Plagiariarm

and

The Risk of Confusing
Conduct with Misconduct 

in Science
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Prime Time Live

The reporting of science in the media.

Handling of allegations of misconduct by:
the government
the scientific infrastructure

The behavior of scientists.

Insights on how science works.

Lessons learned?
April 8, 1992

ABC’s Prime Time Live
Shown with permission

“Over the course of this work we were responding to a public health  
crisis and the need to develop useful assays such as the ELISA 
screening assay.  We did not intend to keep records of legal standing  
and they are often incomplete.  In contrast to this rather normal 
behavior is the meticulous and apparently premeditated documentation 
of others interested , it seems, more in patents and notoriety.”
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“When I came here nobody gave me 
whatsoever any instructions how we should 
write our notes or anything else.  And when 
the litigation started, suddenly I was asked 
for notes”

http://www.sciencefictions.net

…major failing was his  “refusal, flatly on 
several occasions, to look at the notebooks or 
peruse the primary data of people working 
for him.   The buck’s gotta stop somewhere”
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“the poor quality and scant extent of his laboratory records 
was striking”

“…those notes which did exist were overwhelmingly cryptic 
and obscure, lacking even minimal detail necessary to 
understand what was done, what methods were used, and 
what results were obtained.”

OSI Investigation
Crewdson,  p. 417

When I came there was no such thing as how you kept your 
notebook.  In fact, nobody ever asked me if I kept a 
notebook.  Later you could get investigated for not having the 
right notebook.

“Is there life after NIH?”
Gallo speech in Baltimore, MD

(Crewdson, p. 539)
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Many lessons can be drawn from this early intense period
and most suggest that science requires greater modesty.

N.Eng. J. Med.  12/11/03
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University of Florida
http://rgp.ufl.edu/otl/goodrecords.html

Fox Chase Cancer Center
http://www.fccc.edu/ethics/RecordKeeping.html

DATA MANAGEMENT: RESEARCH RECORDS in NEW INVESTIGATORS: A 
QUICK GUIDE TO STARTING YOUR RESEARCH AT UCSF   

http://www.research.ucsf.edu/QG/orQgDm.asp

Making the Right Moves:  A Practical Guide to Scientific Management for Post Docs 
and New Faculty, Chapter 8: Data Management and Laboratory Notebooks, 

Burroughs Wellcome Fund and the Howard Hughes Medical Institutes. 
http://www.medschool.vcu.edu/gp/HHMIMakingtheRightMoves2ndEd.html

NCSU Policy on Lab Notebook Maintenance 
http://www.ncsu.edu/sparcs/compliance/integrity/lab_notebooks_supplement.doc

Fish and Richardson, P.C.

http://www.fr.com/practice/pdf/LABBOOK2.pdf

Record keeping advice from legal firms that specialize 
in intellectual property law

Pillsbury Winthrop Shaw Pittman

http://www.pillsburylaw.com/bv/bvisapi.dll/portal/ep/paPubDetail.d
o/pub/000052A2/channelId/-8595/pagetypeId/9203/tabId/0

BTG

http://www.btgplc.com/btguploads/BTG_LabNotebook_Mar06.p
df
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Fabrication
Falsification
Plagiariarm

and

The Risk of Confusing
Conduct with Misconduct 

in Science

The Discovery of the Structure of DNA
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J. D. Watson

F. H. C. Crick

3 Chargaff, E
., for references see Zamenhof, 

S., Brawerman, G, and  Chargaff, E
.  

Biochim et Biophys. Acta 9:402 (1952)

Giving Credit
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Properly 
acknowledging

We also have been stim
ulated by a knowledge of 

the general nature of the unpublished 

experimental results a
nd ideas of Dr. M

.H.F. 

Wilkins, D
r. Rosalind E. Franklin and their co-

workers at King’s C
ollege London.

Case 1:   

Nitrogenous Base Pairs 
and 

the Structure of
DNA
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Columbia Univ. (Erwin Chargaff)
Kings College (Maurice Wilkins, Rosalind Franklin)

Cambridge Univ. (James Watson Francis Crick)
Cal Tech (Linus Pauling)

James D. Watson              Francis Crick

Erwin Chargaff
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Erwin Chargaff's analysis of DNA  (1950):

Relative amounts of N-bases in:
Ox Thymus Ox spleen

Expt #: 1 2 1 2

Adenine .26 .28 .25 .26

Guanine .21 .24 .20 .21

Cytosine .16 .18 .15 .17

Thymine .25 .24 .24 .24

A conversation
with Dr. Chargaff
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Base pairing
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Box A Box B

+ or = Ladder

Which box of rungs will you select to build your ladder?
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“The note of Watson and Crick amused me no end.  

I do not believe they knew how to spell adenine 

when I sp
oke with them last year;  and now they 

have come up with a natural principle that makes 

the many hard years th
at we have spent on getting 

at the composition of nucleic acids rather wasted.”

1978

So far as I could make out, they wanted, unencumbered 
by any knowledge of the chemistry involved, to fit DNA 
into a helix…I told them all I knew.  If they had heard 
about the pairing rules, they concealed it.  But as they 
did not seem to know much about anything, I was not 
unduly surprised.
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Erwin Chargaff

But in a fateful and testy lunch in May 1952, he discussed his results with Dr. 
Watson and Mr. Crick (who did not yet have his doctorate).

''They impressed me by their extreme ignorance,'' he later told Horace Judson, the 
historian of the discovery of DNA. ''They told me they wanted to construct a helix, 
a polynucleotide to rival Pauling's alpha helix. They talked so much about 'pitch' 
that I remember I wrote down afterwards, 'Two pitchmen in search of a helix.' '' 

Though Dr. Chargaff tended toward the sardonic, it was hard for observers to 
understand the depth of his bitterness in his attitude to his fellow scientists. The 
reason, besides his disappointment at having missed discovering the structure of 
DNA, was that he was pushed to the sidelines by Dr. Crick in the worldwide effort to 
interpret the structure 
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Was Dr. Chargaff robbed 
of the credit he deserved?

Case  2:   

X-ray Crystallography 
and 

the Structure of
DNA



32

Rosalind Franklin and the Secret of Photograph 51
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The secret of photograph 51
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1975

p. 190

Rosalind has been robbed, little by
little;  it is a robbery against which 
I protest.  And so this book has 
been written.  Robert Frost said it 
better,

Of all crimes the worst
Is to steal the glory . . .
Even more accursed
Than to rob the grave

1968
1980

Rosy, of course, did not directly 
give us her data.  For that matter, 
no one at King’s realized they were 
in our hands.

The minute I saw the picture my 
mouth fell open and my pulse began 
to race.
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1988

p. 68

People have discussed the handicap that  
Rosalind suffered in being both a 
scientist and a woman.  Undoubtedly, 
there were irritating restrictions – she 
was not allowed to have coffee in one of 
the faculty rooms reserved for men only 
– but these were mainly trivial, or so it 
seemed to me at the time.

p. 69

Then Randall changed his mind and suggested that, as the 
DNA fiber work (which Maurice had been doing) had become 
interesting, it might be better if she worked on that.  I doubt 
if Rosalind know very much about DNA before Randall 
suggested that she work on it.

2003

p. 129

While I was away, Rosalind Franklin 
had taken up her new post at King’s. 
. .  I had arranged for Raymond 
(Gosling) to work with Rosalind 
because I thought that as a 
research student he should be 
supervised by an X-ray expert.
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2002

I think you will be interested to know that our dark lady leaves
us next week… at last the decks are clear and we can put all 
hands to the pumps!    …It won’t be long now…M
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"There's a myth which is, you know, that Francis and 
I basically stole the structure from the people at 
King's. I was shown Rosalind Franklin's x-ray 
photograph and, Whooo! that was a helix, and a month 
later we had the structure, and Wilkins should never 
have shown me the thing. I didn't go into the drawer 
and steal it, it was shown to me, and I was told the 
dimensions, a repeat of 34 angstroms, so, you know, I 
knew roughly what it meant and, uh, but it was that 
the Franklin photograph was the key event. It was, 
psychologically, it mobilized us..."

James Watson, Center for Genomic Research 
Inauguration, Harvard. September 30, 1999.

2003

p. 50-51 [Wilkins] showed me a photograph obtained more 
than six months earlier by Franklin’s graduate student 
Raymond Gosling…until that moment I didn’t know a B form 
even existed…Franklin had put that picture aside, 
preferring to concentrate on the A form…
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2003

p.  51   She had decided to move on to avoid the 
unpleasantness at King’s.  Before leaving, she had been 
ordered to stop further work with DNA and had already 
passed on many of her diffraction images to Wilkins.

Was Dr. Franklin robbed 
of the credit she deserved?
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Major Elements of Responsible Conduct of Research

Subject protection
-appropriate use of humans and animals in research

Research integrity
-data management, sharing and ownership
-authorship and publication practices
-peer review
-mentoring 
-collaborative research

Fiscal Accountability
-proper use of research funds
-conflict of interest

Environmental Health and Safety Issues
-training and compliance

http://www.courses.vcu.edu/rcr/


