ON BEING A SCIENTIST
RESPONSIBLE CONDUCT IN RESEARCH

SECOND EDITION

COMMITTEE ON SCIENCE, ENGINEERING, AND PUBLIC POLIC
NATIONAL ACADEMY OF SCIENCES

NATIONAL ACADEMY OF ENGINEERING

INSTITUTE OF MEDICINE

NATIONAL ACADEMY PRESS
Washington, D.C. 1995
http://www.nap.edu/readingroom/books/obas/indexL.htm

PREFACE

The scientific research enterprise, like other humetivities, is built on a foundation of trust.i&wists trust that
the results reported by others are valid. Socreists that the results of research reflect an hatesmpt by
scientists to describe the world accurately antiauit bias. The level of trust that has charactdremence and its
relationship with society has contributed to a peof unparalleled scientific productivity. But $hrust will endure
only if the scientific community devotes itselfésemplifying and transmitting the values associat#d ethical
scientific conduct.

In the past, young scientists learned the ethiees#arch largely through informal means-by workisidy senior
scientists and watching how they dealt with ethipadstions. That tradition is still vitally imporiia But science has
become so complex and so closely intertwined withety's needs that a more formal introductioreearch
ethics and the responsibilities that these comnmitminply is also needed-an introduction that agypgement the
informal lessons provided by research supervisodsnaentors.

The original "On Being a Scientist,” published hg National Academy of Sciences in 1989, was desigo meet
that need. Written for beginning researchers, ugsb to describe the ethical foundations of scfenpiractices and
some of the personal and professional issuesébatirchers encounter in their work. It was meaapfdy to all
forms of research-whether in academic, industoiagjovernmental settings-and to all scientific giboes. Over
200,000 copies of the booklet were distributedramgate and undergraduate science students. Ihaestto be
used today in courses, seminars, and informal gdisons.

Much has happened in the six years since "On Baiggientist" first appeared. Research institutams federal
agencies have developed important new policieddating with behaviors that violate the ethicahstards of
science. A distinguished panel convened by theddatiAcademies of Sciences and Engineering anth#tiute of
Medicine issued a major report on research coneltiled Responsible Science: Ensuring the Integfithe
Research Process. Continued questions have reeizgzhéfse importance of the ethical decisions thatarchers
must make.

To reflect the developments of the last six yetns National Academy complex is issuing this newsian of "On
Being a Scientist." This version incorporates maaterial from Responsible Science and other reepurts. It
reflects suggestions from readers of the originaldiet, from instructors who used the original blebvkn their
classes and seminars, and from graduate studehfmafessors who critiqued drafts of the revisibhis version of
"On Being a Scientist" also includes a number gfdifietical scenarios, which have proved in receatyto
provide an effective means of presenting resedtihse An appendix at the end of the booklet offgrglance in
thinking about and discussing these scenariogheuscenarios remain essentially open-ended. theisase for the
entire document, input from readers is welcomed.



Though "On Being a Scientist" is aimed primarilygedduate students and beginning researcherssgens apply
to all scientists at all stages of their scientifazeers. In particular, senior scientists haveegial responsibility in
upholding the highest standards for conduct, sgrasrole models for students and young scientstsigning
educational programs, and responding to allegddtioms of ethical norms. Senior scientists camiselves gain a
new appreciation for the importance of ethical é&sshy discussing with their students what had presty been
largely tacit knowledge. In the process, they hlpride the leadership that is essential for higihhdards of
conduct to be maintained.

The original "On Being a Scientist" was producedanthe auspices of the National Academy of Sciebgethe
Committee on the Conduct of Science, which congisfdRobert McCormick Adams, Francisco Ayala (chrein),
Mary-Dell Chilton, Gerald Holton, David Hull, Kumé#ratel, Frank Press, Michael Ruse, and Phillip gHaeveral
members of that committee were involved directlyhia revision of the booklet, and the others wersalted
during the revision and reviewed the resulting doent.

This new version of the booklet was prepared uttteauspices of the Committee on Science, Engimgegind
Public Policy, which is a joint committee of thetidaal Academies of Sciences and Engineering aadrstitute
of Medicine. The revision was overseen by a guidagroup consisting of Robert McCormick Adams, David
Challoner, Bernard Fields, Kumar Patel, Frank Rrasg Phillip Sharp (group chairman).

The future of science depends on attracting oulgitgnyoung people to research-not only people ofmous
energy and talent but people of strong characterwill be tomorrow's leaders. It is incumbent ohsalentists and
all administrators of science to help provide @agsh environment that, through its adherenceghb éthical
standards and creative productivity, will attractiaetain individuals of outstanding intellect asthracter to one of
society's most important professions.

INTRODUCTION

The geneticist Barbara McClintock once said ofresearch, "l was just so interested in what | wasgll could
hardly wait to get up in the morning and get abihe of my friends, a geneticist, said | was ad;Hiecause only
children can't wait to get up in the morning to getvhat they want to do."

Anyone who has experienced the childlike wondekeddy observing or understanding something thain®has
ever observed or understood before will recogniz€Nhtock’'s enthusiasm. The pursuit of that expergeis one of
the forces that keep researchers rooted to tHadrd@ory benches, climbing through the undergranfth sweltering
jungle, or following the threads of a difficult theetical problem. To succeed in research is a paigdumph that
earns and deserves individual recognition. Big &l§o a communal achievement, for in learning $oimg new the
discoverer both draws on and contributes to they loddknowledge held in common by all scientists.

Scientific research offers many other satisfactioreddition to the exhilaration of discovery. Rashers have the
opportunity to associate with colleagues who haadernimportant contributions to human knowledgehpiters
who think deeply and care passionately about stdb@fccommon interest, and with students who cacdumted on
to challenge assumptions. With many important dgwelents occurring in areas where disciplines operla
scientists have many opportunities to work witHetént people, explore new fields, and broademn tagiertise.
Researchers often have considerable freedom betoimsing what to investigate and in deciding howrganize
their professional and personal lives. They aré @laat community based on ideals of trust and foegdvhere hard
work and achievement are recognized as deservangitfinest rewards. And their work can have a dimedt
immediate impact on society, which ensures thaptltigic will have an interest in the findings amagpiications of
research.

Research can entail frustrations and disappointsresitvell as satisfactions. An experiment maytfadause of
poor design, technical complications, or the slmteactability of nature. A favored hypothesis ntagn out to be
incorrect after consuming months of effort. Colleeg may disagree over the validity of experimedédd, the
interpretation of results, or credit for work doiefficulties such as these are virtually impossibd avoid in
science. They can strain the composure of the hagjrand senior scientist alike. Yet strugglinghatitem can also
be a spur to important progress.



Scientific progress and changes in the relationsbiveen science and society are creating newectugb for the
scientific community. The numbers of trained resbars and exciting research opportunities have gfaster than
have available financial resources, which has ased the pressure on the research system andioial irzdl
scientists. Research endeavors are becoming langee, complex, and more expensive, creating nedskaf
situations and relationships among researcherscaih@uct of research is more closely monitoredragdlated
than it was in the past. The part played by sciéma®ciety has become more prominent and more Emyith
consequences that are both invigorating and stressf

To nonscientists, the rich interplay of competitiefation, frustration, and cooperation at the fiens of scientific
research seems paradoxical. Science results inledge/ that is often presented as being fixed aindetsal. Yet
scientific knowledge obviously emerges from a peschat is intensely human, a process indeliblpstdy
human virtues, values, and limitations and by gat@ontexts. How is the limited, sometimes fa#lipivork of
individual scientists converted into the enduridgfiee of scientific knowledge?

The answer lies partly in the relationship betwkeman knowledge and the physical world. Sciencephagressed
through a uniquely productive marriage of humamtiviy and hard-nosed skepticism, of opennes®to n
scientific contributions and persistent questiorofighose contributions and the existing scientifimsensus. Based
on their observations and their ideas about thédwoesearchers make new observations and developdeas that
seem to describe the physical, biological, or daetald more accurately or completely. Scientistg&ged in
applied research may have more utilitarian aimsh $ improving the reliability of a semiconduatbip. But the
ultimate effect of their work is the same: they abde to make claims about the world that are silbpeempirical
tests.

The empirical objectivity of scientific claims i®hthe whole story, however. As will be describedimoment, the
reliability of scientific knowledge also derivesrpa from the interactions among scientists thewsl In engaging
in these social interactions, researchers musboathuch more than just their scientific understagaf the world.
They must also be able to convince a communityeei of the correctness of their concepts, whighires a fine
understanding of the methods, techniques, andlsmm&entions of science.

By considering many of the hard decisions thataeders make in the course of their work, this tbetodxamines
both the epistemological and social dimensiongigfgific research. It looks at such questiong-msy should
anomalous data be treated? How do values influsrssarch? How should credit for scientific accosiptients be
allocated? What are the borderlines between hamest, negligent error, and misconduct in science?

These questions are of interest to more thanlpesstientific community. As the influence of sciBatknowledge
has grown throughout society, nonscientists hageieed a greater interest in assessing the valafitie claims of
science. With science becoming an increasingly iam social institution, scientists have becomeemo
accountable to the broader society that expedignefit from their work.

THE SOCIAL FOUNDATIONS OF SCIENCE

Throughout the history of science, philosophers saientists have sought to describe a single sydteprocedure
that can be used to generate scientific knowledgethey have never been completely successful pfaetice of
science is too multifaceted and its practitioneestao diverse to be captured in a single overagciescription.
Researchers collect and analyze data, develop ypes, replicate and extend earlier work, commtmiteeir
results with others, review and critique the ressafttheir peers, train and supervise associastadents, and
otherwise engage in the life of the scientific conmity.

Science is also far from a self-contained or seffigent enterprise. Technological developmentsaaily
influence science, as when a new device, suchelsscope, microscope, rocket, or computer, oppnshole new
areas of inquiry. Societal forces also affect tieafions of research, greatly complicating deswips of scientific
progress.



Another factor that confounds analyses of the $ifieprocess is the tangled relationship betwewtvidual
knowledge and social knowledge in science. At arhof the scientific experience is individualigig into the
workings of nature. Many of the outstanding achmeats in the history of science grew out of thaggtes and
successes of individual scientists who were seekimgake sense of the world.

At the same time, science is inherently a socitrpnise-in sharp contrast to a popular stereodffgeience as a
lonely, isolated search for the truth. With few eptions, scientific research cannot be done witdoanving on the
work of others or collaborating with others. Itwitably takes place within a broad social and histd context,
which gives substance, direction, and ultimatelyanieg to the work of individual scientists.

The object of research is to extend human knowleddglee physical, biological, or social world begowhat is
already known. But an individual's knowledge prdpenters the domain of science only after it isgemted to
others in such a fashion that they can indepeng@ndbe its validity. This process occurs in maiffedent ways.
Researchers talk to their colleagues and supesvisdaboratories, in hallways, and over the teteygh They trade
data and speculations over computer networks. gheypresentations at seminars and conferencey. Wi up
their results and send them to scientific journadsich in turn send the papers to be scrutinizedelviewers. After
a paper is published or a finding is presenteid,jitdged by other scientists in the context of ithay already
know from other sources. Throughout this continwafrdiscussion and deliberation the ideas of indiaid are
collectively judged, sorted, and selectively inamaied into the consensual but ever evolving sifiemtorldview.
In the process, individual knowledge is graduatinwerted into generally accepted knowledge.

This ongoing process of review and revision isaalty important. It minimizes the influence of indlual
subjectivity by requiring that research resultsabeepted by other scientists. It also is a poweénfilticement for
researchers to be critical of their own conclusibesause they know that their objective must kteytto convince
their ablest colleagues.

The social mechanisms of science do more thanatalidhat comes to be known as scientific knowledgey also
help generate and sustain the body of experimé&thhiques, social conventions, and other "methtug"
scientists use in doing and reporting research.eSofithese methods are permanent features of sgietiers
evolve over time or vary from discipline to disaiy@. Because they reflect socially accepted stalsdarscience,
their application is a key element of responsibierstific practice.

"Scientists are people of very dissimilar tempenat®eoing different things in very different way&mong
scientists are collectors, classifiers and compelsdiers-up; many are detectives by temperamethitnaany are
explorers; some are artists and others artisahsreTare poet-scientists and philosopher-sciertrslseven a few
mystics."

- Peter Medawar. Pluto's Republic, Oxford Univergitess, New York, 1982, p. 116.

EXPERIMENTAL TECHNIQUES AND THE TREATMENT OF
DATA

One goal of methods is to facilitate the independerification of scientific observations. Thus, myaexperimental
techniques-such as statistical tests of signifieadouble-blind trials, or proper phrasing of qigsst on surveys-
have been designed to minimize the influence a¥iddal bias in research. By adhering to theseneples,
researchers produce results that others can msitg Bgproduce, which promotes the acceptanceadehesults
into the scientific consensus.

If research in a given area does not use genaxatlgpted methods, other scientists will be lesdylito accept the
results. This was one of several reasons why meientists reacted negatively to the initial reparftgold fusion in
the late 1980s. The claims were so physically inilzle that they required extraordinary proof. B
experiments were not initially presented in suebeg that other investigators could corroborateispmve them.
When the experimental techniques became widely krenvd were replicated, belief in cold fusion quyctdded.



In some cases the methods used to arrive at dadatowledge are not very well defined. Considex problem of
distinguishing the "facts" at the forefront of agm area of science. In such circumstances expetaingchniques
are often pushed to the limit, the signal is diffido separate from the noise, unknown sourcesrof abound, and
even the question to be answered is not well defimesuch an uncertain and fluid situation, pigkout reliable
data from a mass of confusing and sometimes cdoteay observations can be extremely difficult.

In this stage of an investigation, researchers tabe extremely clear, both to themselves andtiers, about the
methods being used to gather and analyze datar Sttemtists will be judging not only the validity the data but
also the validity and accuracy of the methods tieatrive those data. The development of new methad be a
controversial process, as scientists seek to daterwhether a given method can serve as a relshlece of new
information. If someone is not forthcoming abowd tirocedures used to derive a new result, theataid of that
result by others will be hampered.

Methods are important in science, but like scienkhowledge itself, they are not infallible. Asthevolve over
time, better methods supersede less powerful srdeseptable ones. Methods and scientific knowl¢lge
progress in parallel, with each area of knowledgatributing to the other.

A good example of the fallibility of methods ocoedlrin astronomy in the early part of the twentehtury. One of
the most ardent debates in astronomy at that tamearned the nature of what were then known aslspébulae-
diffuse pinwheels of light that powerful telescopegealed to be quite common in the night sky. Sasteonomers
thought that these nebulae were spiral galaxiestlik Milky Way at such great distances from thihethat
individual stars could not be distinguished. OtHezkeved that they were clouds of gas within ounaalaxy.

One astronomer who thought that spiral nebulae wéten the Milky Way, Adriaan van Maanen of the M
Wilson Observatory, sought to resolve the issuediyiparing photographs of the nebulae taken seyeeat apart.
After making a series of painstaking measurememats,Maanen announced that he had found roughlyistens
unwinding motions in the nebulae. The detectiosumfh motions indicated that the spirals had to itleimthe
Milky Way, since motions would be impossible toettin distant objects.

Van Maanen's reputation caused many astronomercapt a galactic location for the nebulae. A fearg later,
however, van Maanen's colleague Edwin Hubble, ugiaghew 100-inch telescope at Mount Wilson, cosigkly
demonstrated that the nebulae were in fact digfalaixies; van Maanen's observations had to be wistuglies of
van Maanen's procedures have not revealed anytiori@hmisrepresentation or sources of systematar.eRather,
he was working at the limits of observational aecyr and his expectations influenced his measurtsmen

Though van Maanen turned out to be wrong, he wasthially at fault. He was using methods thatenaeccepted
by the astronomical community as the best availabthe time, and his results were accepted by agistnomers.
But in hindsight he relied on a technique so susickepto observer effects that even a careful itigasor could be
misled.

The fallibility of methods is a valuable remindértioe importance of skepticism in science. Scienkhowledge
and scientific methods, whether old or new, mustdrginually scrutinized for possible errors. Sg&kpticism can
conflict with other important features of sciensech as the need for creativity and for convictioarguing a given
position. But organized and searching skepticiswealsas an openness to new ideas are essengjabtal against
the intrusion of dogma or collective bias into stific results.

THE SELECTION OF DATA

Deborah, a third-year graduate student, and Kathke@ostdoc, have made a series of measurementa®n
experimental semiconductor material using an exgemgeutron source at a national laboratory. Winety get
back to their own laboratory and examine the daty get the following data points(see Figure).efvty proposed
theory predicts results indicated by the curve.
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During the measurements at the national laborafdeporah and Kathleen observed that there were powe
fluctuations they could not control or predict. thermore, they discussed their work with anotheugrdoing
similar experiments, and they knew that the otleug had gotten results confirming the theoreticadiction and
was writing a manuscript describing their results.

FeL I 1

In writing up their own results for publication, ideen suggests dropping the two anomalous datdspoéar the
abscissa (the solid squares) from the publisheghgaad from a statistical analysis. She proposssite existence
of the data points be mentioned in the paper asilplgsiue to power fluctuations and being outshedxpected
standard deviation calculated from the remaining gaints. "These two runs," she argues to Debdvedre
obviously wrong."

How should the data from the two suspected rurtsinelled?

Should the data be included in tests of statissigalificance and why?

What other sources of information, in additiontheir faculty advisor, can Deborah and Kathleentaseelp
decide?

VALUES IN SCIENCE

Scientists bring more than just a toolbox of teghes to their work. Scientist must also make cormgézisions
about the interpretation of data, about which peoid to pursue, and about when to conclude an ewesti They
have to decide the best ways to work with othetsexthange information. Taken together, these nsatfe
judgment contribute greatly to the craft of scigraned the character of a person's individual deesshelps
determine that person's scientific style (as w&llom occasion, the impact of that person's work).

Much of the knowledge and skill needed to make gbexsions in science is learned through persoqereence
and interactions with other scientists. But somthi® ability is hard to teach or even describeniylaf the
intangible influences on scientific discovery-csity, intuition, creativity-largely defy rationahalysis, yet they are
among the tools that scientists bring to their work

When judgment is recognized as a scientific tdas easier to see how science can be influencedlues.
Consider, for example, the way people judge betweeempeting hypotheses. In a given area of scicgmeral
different explanations may account for the avaddatts equally well, with each suggesting an adter route for
further research. How do researchers pick among?he

Scientists and philosophers have proposed sewdei@ by which promising scientific hypotheses ¢
distinguished from less fruitful ones. Hypothedeswdd be internally consistent so that they dogesterate
contradictory conclusions. Their ability to providecurate experimental predictions, sometimesansafar
removed from the original domain of the hypotheisisjewed with great favor. With disciplines in ioh
experimentation is less straightforward, such adogg, astronomy, or many of the social sciencesdg
hypotheses should be able to unify disparate obtiens. Also highly prized are simplicity and it®ra refined
cousin, elegance.

Other kinds of values also come into play in sagerdistorians, sociologists, and other studentc@nce have
shown that social and personal beliefs-includinigpgbphical, thematic, religious, cultural, polalcand economic
beliefs-can shape scientific judgment in fundamengys. For example, Einstein's rejection of quantaechanics
as an irreducible description of nature-summarirdus insistence that "God does not play dice'hse® have



been based largely on an aesthetic convictiontitiegphysical universe could not contain such aerait
component of randomness. The nineteenth-centurpgisb Charles Lyell, who championed the idea that
geological change occurs incrementally rather tetastrophically, may have been influenced as rbydtis
religious views as by his geological observatidtfis favored the notion of a God who is an unmovegenand
does not intervene in His creation. Such a GodyghoLyell, would produce a world in which the sacaeises and
effects keep cycling eternally, producing a unifaeological history.

Does holding such values harm a person's sciemcg@he cases the answer has to be "yes." Theyhistscience
offers a number of episodes in which social or peasbeliefs distorted the work of researchers. fidid of
eugenics used the techniques of science to trgnwodstrate the inferiority of certain races. Thepldgical
rejection of Mendelian genetics in the Soviet Uni@ginning in the 1930s crippled Soviet biology decades.

Despite such cautionary episodes, it is clearvhhtes cannot-and should not-be separated fromezif he desire
to do good work is a human value. So is the condhat standards of honesty and objectivity nedoke
maintained. The belief that the universe is singnd coherent has led to great advances in scifmesearchers
did not believe that the world can be describedims of a relatively small number of fundamentahgples,
science would amount to no more than organizedreéten. Religious convictions about the naturéhef universe
have also led to important scientific insightsjrathe case of Lyell discussed above.

The empirical link between scientific knowledge dhd physical, biological, and social world constsahe
influence of values in science. Researchers argénuadly testing their theories about the world iaga
observations. If hypotheses do not accord with fagions, they will eventually fall from favor (thigh scientists
may hold on to a hypothesis even in the face ofesoomflicting evidence since sometimes it is thidlewce rather
than the hypothesis that is mistaken).

The social mechanisms of science also help elimidatorting effects that personal values mightehahey
subject scientific claims to the process of collecvalidation, applying different perspectivestie same body of
observations and hypotheses.

The challenge for individual scientists is to ackiexige and try to understand the suppositions afidfb that lie
behind their own work so that they can use thdtlsedwledge to advance their work. Such self-exatian can be
informed by study in many areas outside of sciemmduding history, philosophy, sociology, litera¢uart, religion,
and ethics. If narrow specialization and a singlaetad focus on a single activity keep a researfroen developing
the perspective and fine sense of discriminaticded to apply values in science, that person's wanksuffer.

POLYWATER AND THE ROLE OF SKEPTICISM

The case of polywater demonstrates how the desivelteve in a new phenomenon can sometimes ovenpthe
demand for solid, well-controlled evidence. In 1966 Soviet scientist Boris Valdimirovich Derjaguéttured in
England on a new form of water that he claimed lbeeh discovered by another Soviet scientist, Nzédlyakin.
Formed by heating water and letting it condensguirtz capillaries, this "anomalous water," asaswriginally
called, had a density higher than normal wateiseogity 15 times that of normal water, a boilirgm higher than
100 degrees Centigrade, and a freezing point Ithear zero degrees.

Over the next several years, hundreds of papemsaapg in the scientific literature describing theperties of what
soon came to be known as polywater. Theorists dpedl models, supported by some experimental maasuts,
in which strong hydrogen bonds were causing wat@otymerize. Some even warned that if polywateapsd
from the laboratory, it could autocatalytically puilerize all of the world's water.

Then the case for polywater began to crumble. Beeaolywater could only be formed in minuscule tapes,
very little was available for analysis. When snsalinples were analyzed, polywater proved to be pantded with
a variety of other substances, from silicon to jpiadipids. Electron microscopy revealed that polieractually
consisted of finely divided particulate matter sursged in ordinary water.



Gradually, the scientists who had described thegmtas of polywater admitted that it did not exigtey had been
misled by poorly controlled experiments and protdenith experimental procedures. As the problemswer
resolved and experiments gained better controldeace for the existence of polywater disappeared.

CONFLICTS OF INTEREST

Sometimes values conflict. For example, a partictiltumstance might compromise-or appear to comjze-
professional judgments. Maybe a researcher hamadial interest in a particular company, which micreate a
bias in scientific decisions affecting the futufalmat company (as might be the case if a reseawitie stock in a
company were paid to determine the usefulnessefradevice produced by the company). Or a sciemiight
receive a manuscript or proposal to review thatudises work similar to but a step ahead of thaigbeone by the
reviewer. These are difficult situations that requrade-offs and hard choices, and the sciemdfiromunity is still
debating what is and is not proper when many cfdtsituations arise.

Virtually all institutions that conduct researchanbave policies and procedures for managing cdaftf interest.
In addition, many editors of scientific journalsveaestablished explicit policies regarding condliof interest.
These policies and procedures are designed togbtbeeintegrity of the scientific process, the siosis of the
institutions, the investment of stakeholders inifnsons (including the investments of parents ahdlents in
universities), and public confidence in the intggdf research.

Disclosure of conflicts of interest subjects thegacerns to the same social mechanisms that aesive
elsewhere in society. In some cases it may onlydoessary for a researcher to inform a journabedita potential
conflict of interest, leaving it for the editor decide what action is necessary. In other casefutanmonitoring of
research activities can allow important research @ipotential conflict of interest to go forwardhile protecting
the integrity of the institution and of sciencealmy of these cases the intent is to involve oatsidnitors or
otherwise create checks to reduce the possibiiaytias will enter into science.

A CONFLICT OF INTEREST

John, a third-year graduate student, is partigigati a department-wide seminar where studentsdpaos, and
faculty members discuss work in progress. An amsigirofessor prefaces her comments by sayinghbatork
she is about to discuss is sponsored by both adlegieint and a biotechnology firm for which shesadlts. In the
course of the talk John realizes that he has beeking on a technique that could make a major doution to the
work being discussed. But his faculty advisor cdissfor a different, and competing, biotechnologynt

1. How should John participate in this seminar?
2. What, if anything, should he say to his adviaod-when?

3. What implications does this case raise for taditional openness and sharing of data, matedal$ findings that
have characterized modern science?

INDUSTRIAL SPONSORSHIP OF ACADEMIC RESEARCH

Sandra was excited about being accepted as a ¢eastudent in the laboratory of Dr. Frederick, adieg scholar
in the field, and she embarked on her assigneaures@roject eagerly. But after a few months shkgabdo have
misgivings. Though part of Dr. Frederick's work veapported by federal grants, the project on wkindwas
working was totally supported by a grant from agrcompany. She had known this before comingadah and
had not thought it would be a problem. But she matcknown that Dr. Frederick also had a major ctiimgy
agreement with the company. She also heard froer gitaduate students that when it came time taghubker
work, any paper would be subject to review by thmpany to determine if any of her work was patelstab



1. What are the advantages and disadvantages dfs&sdoing research sponsored entirely by a singiegpany?
2. How can she address the specific misgivingshsiseabout her research?

3. If Sandra wishes to discuss her qualms with sm@at her university, to whom should she turn?

PUBLICATION AND OPENNESS

Science is not an individual experience. It is sddtmowledge based on a common understanding of sspect of
the physical or social world. For that reason,gbeial conventions of science play an importarg mlestablishing
the reliability of scientific knowledge. If theserventions are disrupted, the quality of sciencesuéfer.

Many of the social conventions that have provepffective in science arose during the birth of nradscience in
the latter half of the seventeenth century. At thme, many scientists sought to keep their wodteseso that others
could not claim it as their own. Prominent figuocdghe time, including Isaac Newton, were loathedavey news
of their discoveries for fear that someone elseltvolaim priority-a fear that was frequently realiz

The solution to the problem of making new discoegipublic while assuring their author's credit wasked out by
Henry Oldenburg, the secretary of the Royal Soaétyondon. He won over scientists by guaranteeamugd
publication in the society's Philosophical Transars as well as the official support of the sociéthe author's
priority was brought into question. Oldenburg giéoneered the practice of sending submitted maiptsdo
experts who could judge their quality. Out of thes®vations rose both the modern scientific jouemal the
practice of peer review.

The continued importance of publication in learfmgnals accounts for the convention that the fiogbublish a
view or finding, not the first to discover it, tenitb get most of the credit for the discovery. Oresllts are
published, they can be freely used by other rebeasdo extend knowledge. But until the resultsolse common
knowledge, people who use them are obliged to mzeghe discoverer through citations. In this \8aientists are
rewarded through peer recognition for making respitblic.

Before publication, different considerations appfysomeone else exploits unpublished materialithaeen in a
privileged grant application or manuscript, thatsoa is essentially stealing intellectual propelyindustry the
commercial rights to scientific work belong morette employer than the employee, but similar piows apply:
research results are privileged until they are ighibH or otherwise publicly disseminated.

Many scientists are generous in discussing thelirpinary theories or results with colleagues, aodhe even
provide copies of raw data to others prior to pubisclosure to facilitate related work. But sciststare not
expected to make their data and thinking availablehers at all times. During the initial stagésesearch, a
scientist deserves a period of privacy in whictadat not subject to disclosure. This privacy aflémdividuals to
advance their work to the point at which they heesfidence both in its accuracy and its meaning.

After publication, scientists expect that data atiter research materials will be shared with gieglitolleagues
upon request. Indeed, a number of federal agerjoigsals, and professional societies have estedlipolicies
requiring the sharing of research materials. Sanedithese materials are too voluminous, unwieldgpstly to
share freely and quickly. But in those fields iniethsharing is possible, a scientist who is unnglto share
research materials with qualified colleagues ritmesrisk of not being trusted or respected. In dgsion where so
much depends on interpersonal interactions, thiegsmnal isolation that can follow a loss of traah damage a
scientist's work.

Publication in a peer-reviewed journal remainsstfaedard means of disseminating scientific reshitspther
methods of communication are subtly altering hoigrststs divulge and receive information. Postalstracts,
lectures at professional gatherings, and procesdiolyimes are being used more often to presentpnalry
results before full review. Preprints and compuetworks are increasing the ease and speed otificien
communications. These new methods of communicatierin many cases just elaborations of the informal



exchanges that pervade science. To the extenthityaspeed and improve communication and reviskay, will
strengthen science. But if publication practicéiee new or traditional, bypass quality controlahanisms, they
risk weakening conventions that have served sciemtie

An example is the scientist who releases impodandtcontroversial results directly to the publiobe submitting
them to the scrutiny of peers. If the researchsrmhade a mistake or the findings are misinterpriyetthe media or
the public, the scientific community and the pulbfiay react adversely. When such news is to besetet the
press, it should be done when peer review is caeyplermally at the time of publication in a sciéintjournal.

Sometimes researchers and the institutions spawgsesearch have different interests in makingltegublic. For
example, a scientist doing research sponsoreddustny may want to publish results quickly, white industrial
sponsor may want to keep results private-at lemsporarily-to establish intellectual property riglptior to
disclosure. Research institutions and governmesnegs have started to adopt explicit policiesttuce conflicts
over such issues of ownership and access.

In research that has the potential of being firghcprofitable, openness can be maintained bygthating of
patents. Patents enable an individual or institutmprofit from a scientific discovery in returarfmaking the
results public. Scientists who may be doing patdataork have special obligations to the sponséthat work.
For example, they may need to have their laboratotgbooks validated and dated by others. Theyatsayhave
to disclose potentially valuable discoveries prdynta the patent official of the organization sporisg the
research.

In some situations, such as proprietary researchssped by industry or militarily sensitive resdaropenness in
disseminating research results may not be poss$bientists working under such conditions may rteefthd other
ways of exposing their work to professional scrytidnclassified summaries of classified work campensate for
the lack of open scrutiny that allows the validatad results elsewhere in science. Properly strectwisiting
committees can examine proprietary or classifisgaech while maintaining confidentiality.

THE SHARING OF RESEARCH MATERIALS

Ed, a fourth-year graduate student, was still sdvaonths away from finishing an ongoing reseanaiget when a
new postdoc arrived from a laboratory doing simil@rk. After the two were introduced, Ed automdtjcasked
about the work going on in the other lab and waprssed to hear that researchers there had suotigsidveloped
a reagent that he was still struggling to perfgapbwing that both labs had policies requiring tharing of research
materials, Ed wrote a letter to the head of theldb asking if the laboratory could share somthefreagent with
him. He didn't expect there to be a problem, bezhis project was not in competition with the wofkhe other
lab, but a couple of weeks later he got a letmfthe lab director saying that the reagent coatdoe shared
because it was still "poorly developed and charad."

The new postdoc, upon hearing the story, said, t'Thidiculous. They just don't want to give yobraak."
1. Where can Ed go for help in obtaining the mats?
2. Are there risks in involving other people instBituation?

3. What kinds of information is it appropriate fessearchers to share with their colleagues whendhange
laboratories?

"We thus begin to see that the institutionalizeakcfice of citations and references in the spheteashing is not a
trivial matter. While many a general reader - ibathe lay reader located outside the domairtieie and
scholarship - may regard the lowly footnote orrmote endnote or the bibliographic parenthesa dispensable
nuisance, it can be argued that these are in ¢aritral to the incentive system and an underlyerngs of
distributive justice that do much to energize tHeamcement of knowledge."



- Robert K. Merton, "The Matthew Effect in SciendeCumulative Advantage and the Symbolism of
IntellectualProperty,” Isis, 79: 621, 1988.

THE ALLOCATION OF CREDIT

The principle of fairness and the role of persarabgnition within the reward system of scienceoaat for the
emphasis given to the proper allocation of crddithe standard scientific paper, credit is exgiicacknowledged
in three places: in the list of authors, in theramkledgments of contributions from others, anchimlist of
references or citations. Conflicts over properilattion can arise in any of these places.

Citations serve many purposes in a scientific papeey acknowledge the work of other scientisteedithe reader
toward additional sources of information, acknowged@onflicts with other results, and provide supgparthe
views expressed in the paper. More broadly, citatiplace a paper within its scientific contextatielg it to the
present state of scientific knowledge.

Failure to cite the work of others can give risertore than just hard feelings. Citations are patthe® reward
system of science. They are connected to fundingides and to the future careers of researcheose igenerally,
the misallocation of credit undermines the incemBystem for publication.

In addition, scientists who routinely fail to citee work of others may find themselves excludedhfthe fellowship
of their peers. This consideration is particulaniportant in one of the more intangible aspecta séientific career-
that of building a reputation. Published papersudoent a person's approach to science, which isitwymportant
that they be clear, verifiable, and honest. In tdidli a researcher who is open, helpful, and flitleas becomes
known to colleagues and will benefit much more tekameone who is secretive or uncooperative.

Some people succeed in science despite their teggaMany more succeed at least in part becalsein
reputations.

CREDIT WHERE CREDIT IS DUE

Ben, a third-year graduate student, had been wgkina research project that involved an impontem
experimental technique. For a national meetingsrdiscipline, Ben wrote an abstract and gave &f Ipriesentation
that mentioned the new technique. After his present, he was surprised and pleased when Dr. Freesmeading
researcher from another university, engaged hiemiextended conversation. Dr. Freeman asked Bensxely
about the new technique, and Ben described it.fBlgn's own faculty advisor often encouraged hidestts not to
keep secrets from other researchers, and Ben atéeréld that Dr. Freeman would be so interesténisimvork.

Six months later Ben was leafing through a jouraén he noticed an article by Dr. Freeman. Thelardescribed
an experiment that clearly depended on the teclertigat Ben had developed. He didn't mind; in faetwas again
somewhat flattered that his technique had so slydanfiluenced Dr. Freeman's work. But when he tdritethe
citations, expecting to see a reference to higatisdr presentation, his name was nowhere to tnedfo

1. Does Ben have any way of receiving credit ferwork?

2. Should he contact Dr. Freeman in an effort teeHas work recognized?

3. Is Ben's faculty advisor mistaken in encouragjiisgstudents to be so open about their work?

AUTHORSHIP PRACTICES



The allocation of credit can also become an issubae listing of authors' names. Science has be@omach more
collaborative enterprise than it was in the pakk @verage number of authors for articles in the Bagland
Journal of Medicine, for example, has risen froigtgly more than one in 1925 to more than six todaysome
areas, such as high-energy physics or genome sgggethe number of authors can rise into the hedslr This
increased collaboration has produced many new appities for researchers to work with colleagueditierent
stages in their careers, in different disciplirerseven in widely separated locations. It has ailspeased the
possibility for differences to arise over questiohgsuthorship.

In many fields, the earlier a name appears inigh@f authors, the greater the implied contributibut conventions
differ greatly among disciplines and among resegrolips. Sometimes the scientist with the greaiaste
recognition is listed first, whereas in other feelthe research leader's name is always last. e siguiplines
supervisors' names rarely appear on papers, whdéhiers the professor's name appears on almast gaper that
comes out of the lab. Some research groups andgtsuavoid these decisions by simply listing aushor
alphabetically.

Frank and open discussion of the division of credlihin research groups-as early in the researobgss as
possible and preferably at the very beginning, @sfig for research leading to a published paperqmavent later
difficulties. The best practice is for authorshifiaria to be explicit among all collaborators.dddition,
collaborators should be familiar with the convension a particular field to understand their righisl obligations.
Group meetings provide an occasion to discussathitd policy issues in research.

The allocation of credit can be particularly samsitvhen it involves researchers at different stagfetheir careers-
for example, postdocs and graduate students, @rdaculty and student researchers. In such sitast differences
in roles and status compound the difficulties afaading credit.

Several considerations must be weighed in detengitie proper division of credit between a studentsearch
assistant and a senior scientist, and a rangeacfipes are acceptable. If a senior researchetdfased and put a
project into motion and a junior researcher ist@Eito join in, major credit may go to the seniesaarcher, even if
at the moment of discovery the senior researcheotipresent. By the same token, when a studemisearch
assistant is making an intellectual contributiom teesearch project, that contribution deservédsetrecognized.
Senior scientists are well aware of the importasfoeredit in science and are expected to give jurésearchers
credit where warranted. In such cases, junior rekeas may be listed as coauthors or even senibois,
depending on the work, traditions within the fiedahd arrangements within the team.

Occasionally a name is included in a list of ausheven though that person had little or nothinddavith the
content of a paper. Such "honorary authors" dilagecredit due the people who actually did the worllate the
credentials of those so "honored," and make thpggrattribution of credit more difficult. Severaiantific journals
now state that a person should be listed as th@aaf a paper only if that person made a diredtsubstantial
contribution to the paper. Some journals requir@amed authors to sign the letter that accompasuibmission of
the original article and all subsequent revisianerisure that no author is named without consentlaat all
authors agree with the final version.

As with citations, author listings establish acdaiility as well as credit. When a paper is found@dntain errors,
whether caused by mistakes or deceit, authors miggt to disavow responsibility, saying that thegrevnot
involved in the part of the paper containing thees or that they had very little to do with theppain general.
However, an author who is willing to take credit fopaper must also bear responsibility for itsteots. Thus,
unless a footnote or the text of the paper explieissigns responsibility for different parts o€ thaper to different
authors, the authors whose names appear on ampageshare responsibility for all of it.

WHO SHOULD GET CREDIT FOR THE DISCOVERY OF PULSARS ?

A much-discussed example of the difficulties assieei with allocating credit between junior and senésearchers
was the 1967 discovery by Jocelyn Bell, then a @drpld graduate student, of pulsars. Over theiguewtwo
years, Bell and several other students, underupersision of Bell's thesis advisor, Anthony Hewikhad built a
4.5-acre radiotelescope to investigate scintiltatidio sources in the sky. After the telescopeabdgnctioning,



Bell was in charge of operating it and analyzisgdiata under Hewish's direction. One day Bell eati@a bit of
scruff' on the data chart. She remembered seeingame signal earlier and, by measuring the perfidd
recurrence, determined that it had to be comingnfam extraterrestrial source. Together Bell and idlewnalyzed
the signal and found several similar examples disegvin the sky. After discarding the idea thatdigmals were
coming from an extraterrestrial intelligence, HewiBell, and three other people involved in thegebpublished a
paper announcing the discovery, which was givemtrae "pulsar" by a British science reporter.

Many argued that Bell should have shared the NBhigk awarded to Hewish for the discovery, sayireg her
recognition of the signal was the crucial act acdivery. Others, including Bell herself, said thla¢ received
adequate recognition in other ways and should ae¢ ftbeen so lavishly rewarded for doing what a ggteistudent
is expected to do in a project conceived and sétyupthers.

ERROR AND NEGLIGENCE IN SCIENCE

Scientific results are inherently provisional. $¢tists can never prove conclusively that they hdascribed some
aspect of the natural or physical world with contglgccuracy. In that sense all scientific resultistnbe treated as
susceptible to error.

Errors arising from human fallibility also occursaience. Scientists do not have limitless workingg or access to
unlimited resources. Even the most responsiblentistecan make an honest mistake. When such earers
discovered, they should be acknowledged, prefeiiattlye same journal in which the mistaken inforioatvas
published. Scientists who make such acknowledgnpntsptly and openly are rarely condemned by cglies.

Mistakes made through negligent work are treateterharshly. Haste, carelessness, inattention-aaynoimber of
faults can lead to work that does not meet thedstals demanded in science. If scientists cut cerimerwhatever
reason, they are placing their reputation, the vaditkeir colleagues, and the public's confidemcscience at risk.

Some researchers may feel that the pressures wnaifeean inducement to haste at the expense offeare
example, they may believe that they have to dotandard work to compile a long list of publicaticarsd that this
practice is acceptable. Or they may be tempteditdigh virtually the same research results in tyfecent places
or publish their results in "least publishable sihjpapers that are just detailed enough to be ghadi but do not
give the full story of the research project desulib

Sacrificing quality to such pressures can easitkfige. A lengthy list of publications cannot outigk a reputation
for shoddy research. Scientists with a reputatirpfiblishing a work of dubious quality will genbydind that all
of their publications are viewed with skepticismthgir colleagues. Reflecting the importance ofligguasome
institutions and federal agencies have recentlyptatbpolicies that limit the number of papers thiitbe
considered when an individual is evaluated for app@ent, promotion, or funding.

By introducing preventable errors into sciencepploor negligent research can do great damageiétlenerror is
eventually uncovered and corrected. Though scienbeilt on the idea of peer validation and accepéa actual
replication is selective. It is not practical (ecessary) to reconstruct all the observations laakétical constructs
that go into an investigation. Researchers haweis that previous investigators performed theknas reported.

If that trust is misplaced and the previous resaifesinaccurate, the truth will likely emerge astpems arise in the

ongoing investigation. But researchers can wastatimsoor years of effort because of erroneous esattd public
confidence in the integrity of science can be selypundermined.

PUBLICATION PRACTICES

Paula, a young assistant professor, and two gradtatents have been working on a series of retagedriments
for the past several years. During that time, ttedments have been written up in various possdrstracts, and



meeting presentations. Now it is time to write bip €xperiments for publication, but the studentsRaula must
first make an important decision. They could watsingle paper with one first author that wouldcdié® the
experiments in a comprehensive manner, or theydootite a series of shorter, less complete papethat each
student could be a first author.

Paula favors the first option, arguing that a stngliblication in a more visible journal would betaeit all of their
purposes. Paula's students, on the other handgstrsuggest that a series of papers be prepahay. drgue that
one paper encompassing all the results would bé&tagpand complex and might damage their careeorppities
because they would not be able to point to a papevhich they were first authors.

1. If the experiments are part of a series, ardaPand her students justified in not publishingthegether?

2. If they decided to publish a single paper, hbautd the listing of authors be handled?

3. If a single paper is published, how can they leasjze to the review committees and funding agsnbieir
various roles and the importance of the paper?

"Of all the traits which quality a scientist fotizenship in the republic of science, | would pwease of
responsibility as a scientist at the very top. clestist can be brilliant, imaginative, clever whls hands, profound,
broad, narrow - but he is not much as a scientiktss he is responsible."

- Alvin Weinberg,"The Obligations of Citizenshiptine Republic of Science,"Minerva, 16:1-3, 1978.

MISCONDUCT IN SCIENCE

Beyond honest errors and errors caused througliigeegk are a third category of errors: those thailve
deception. Making up data or results (fabricati@manging or misreporting data or results (falsifizn), and using
the ideas or words of another person without gidpgropriate credit (plagiarism)-all strike at theart of the
values on which science is based. These actsaritdfcd misconduct not only undermine progressthatentire set
of values on which the scientific enterprise reAtsyone who engages in any of these practicesttmgthis or her
scientific career at risk. Even infractions thatynseem minor at the time can end up being severalished.

The ethical transgressions discussed in earli¢iossesuch as misallocation of credit or errorsiag from
negligence-are matters that generally remain iatdmthe scientific community. Usually they aretievith locally
through the mechanisms of peer review, adminisgadction, and the system of appointments and atiahs in
the research environment. But misconduct in sciénoelikely to remain internal to the scientifiearamunity. Its
consequences are too extreme: it can harm indildduaside of science (as when falsified resultob®e the basis
of a medical treatment), it squanders public fuadsl it attracts the attention of those who woeleksto criticize
science. As a result, federal agencies, Congressnedia, and the courts can all get involved.

Within the scientific community, the effects of misduct-in terms of lost time, forfeited recognitim others, and
feelings of personal betrayal-can be devastatimgjviduals, institutions, and even entire resediedds can suffer
grievous setbacks from instances of fabricatiolsjffeation, or plagiarism even if they are onlytgentially
associated with the case.

When individuals have been accused of scientifiscomduct in the past, the institutions respondireesponding
to those accusations have taken a number of diffeygoroaches. In general, the most successfubmesg are
those that clearly separate a preliminary investigao gather information from a subsequent adjation to judge
guilt or innocence and issue sanctions if necesg&arging the adjudication stage, the individualwsaxd of
misconduct has the right to various due procesteptions, such as reviewing the evidence gatheweidglthe
investigation and cross-examining witnesses.



In addition to falsification, fabrication, and plagsm, other ethical transgressions directly aisged with research
can cause serious harm to individuals and institsti Examples include cover-ups of misconduct iernse,
reprisals against whistleblowers, malicious alleget of misconduct in science, and violations of guocess in
handling complaints of misconduct in science. Botiakers and scientists have not decided whethér actgons
should be considered misconduct in science-aneéfitrer subject to the same procedures and sanetfons
falsification, fabrication, and plagiarism-or whettthey should be investigated and adjudicateduiira@ifferent
channels. Regulations adopted by the National Sei€&oundation and the Public Health Service defirszonduct
to include "other serious deviations from accepestarch practices," in addition to falsificatiabrication, and
plagiarism, leaving open the possibility that otaetions could be considered misconduct in scieflce.problem
with such language is that it could allow a scigrith be accused of misconduct for using novelnarinodox
research methods, even though such methods ardisma@eeded to proceed in science. Federal dfficéspond
by saying that this language is needed to prosethteal breaches that do not strictly fall inte tategories of
falsification, fabrication, or plagiarism and thnat scientist has been accused of misconduct obaie of using
unorthodox research methods. This area of scieologyps still evolving.

Another category of behaviors-including sexual treo forms of harassment, misuse of funds, grogigsance in a
person's professional activities, tampering with éxperiments of others or with instrumentatiord @iolations of
government research regulations-are not necesseslyciated with scientific conduct. Institutioreed to
discourage and respond to such behaviors. But tietsviors are subject to generally applicablellegd social
penalties and should be dealt with using the sanmeegdures that would be applied to anyone.

FABRICATION IN A GRANT APPLICATION

Don is a first-year graduate student applying eoNational Science Foundation for a predoctorébfedhip. His
work in a lab where he did a rotation project wasr carried on successfully by others, and it appthat a
manuscript will be prepared for publication by #red of the summer. However, the fellowship appilicateadline
is June 1, and Don decides it would be advantageoligt a publication as "submitted." Without caligg the
faculty member or other colleagues involved, Dork@saup a title and author list for a "submittedp@aand cites
it in his application.

After the application has been mailed, a lab mersbes it and goes to the faculty member to asktabeu
"submitted" manuscript. Don admits to fabricatihg submission of the paper but explains his actigrsaying
that he thought the practice was not uncommonianse.

The faculty members in Don's department demandhatithdraw his grant application and dismiss friom the
graduate program. After leaving the university, Rmplies for a master's degree, since he hadéddlfihe course
requirements. Although the department votes ngtamt him a degree, the university administratioagiso
because it is not stated in the university gradbatketin that a student in Don's department mesni'good
standing" to receive a degree. They fear that Didirbving suit against the university if the deglisalenied.
Likewise, nothing will appear in Don's universitanscript regarding his dismissal.

1. Do you agree with Don that scientists often geagte the publication status of their work in terit materials?
2. Do you think the department acted too harshiyismissing Don from the graduate program?
3. Do you believe that being in "good standing"wdtide a prerequisite for obtaining an advancedestem

science? If Don later applied to a graduate prograamother institution, does that institution h#tve right to know
what happened?




A CASE OF PLAGIARISM

May is a second-year graduate student preparingtitéen portion of her qualifying exam. She incorates whole
sentences and paragraphs verbatim from severakpablpapers. She does not use quotation markfidsburces
are suggested by statements like "(see . . . foe metails).” The faculty on the qualifying exanmnuuittee note
inconsistencies in the writing styles of differgatragraphs of the text and check the sources, enogvMay's
plagiarism.

After discussion with the faculty, May's plagiarissrbrought to the attention of the dean of thelgede school,
whose responsibility it is to review such incidefithe graduate school regulations state that "atagn, that is, the
failure in a dissertation, essay, or other wrigerrcise to acknowledge ideas, research or langaiiga from
others" is specifically prohibited. The dean expésy from the program with the stipulation that sla@ reapply
for the next academic year.

1. Is plagiarism like this a common practice?
2. Are there circumstances that should have ledag's being forgiven for plagiarizing?

3. Should May be allowed to reapply to the program?

RESPONDING TO VIOLATIONS OF ETHICAL STANDARDS

One of the most difficult situations that a resbarccan encounter is to see or suspect that aagokehas violated
the ethical standards of the research community.dasy to find excuses to do nothing, but somedrehas
witnessed misconduct has an unmistakable obligati@tt. At the most immediate level, misconduct sariously
obstruct or damage one's own research or the adseacolleagues. More broadly, even a single chseisconduct
can malign scientists and their institutions, reguthe imposition of counterproductive regulagpand shake
public confidence in the integrity of science.

To be sure, raising a concern about unethical aciriduarely an easy thing to do. In some casemanity is
possible-but not always. Reprisals by the accusesop and by skeptical colleagues have occurrdtkeipast and
have had serious consequences. Any allegationssfanduct is a very important charge that needs taken
seriously. If mishandled, an allegation can grawynage the person charged, the one who makebahgeg the
institutions involved, and science in general.

Someone who is confronting a problem involving egsk ethics usually has more options than are inately
apparent. In most cases the best thing to dodsstauss the situation with a trusted friend or adkiIn universities,
faculty advisors, department chairs, and otherssdaculty can be invaluable sources of advicedaiding whether
to go forward with a complaint.

An important consideration is deciding when to @abmplaint in writing. Once in writing, universs are
obligated to deal with a complaint in a more formrmalnner than if it is made verbally. Putting a ctang in
writing can have serious consequences for the cafeescientist and should be undertaken only éfi@rough
consideration.

The National Science Foundation and Public HeadtlviSe require all research institutions that reegiublic funds
to have procedures in place to deal with allegatimfrunethical practice. These procedures takeaotount
fairness for the accused, protection for the aagges®rdination with funding agencies, and requizats for
confidentiality and disclosure.

In addition, many universities and other reseanstitutions have designated an ombudsman, ethiiceigfor other
official who is available to discuss situationsaiwing research ethics. Such discussions are daonigin strictest



confidence whenever possible. Some institutionsigeofor multiple entry points, so that complaireoan go to a
person with whom they feel comfortable.

Government agencies, including the National Scidfaendation and Public Health Service, enforce lamcs
regulations that deal with misconduct in scienceth& Public Health Service in Washington, D.Cmptaints can
be referred to the appropriate office through tlfic® of Research Integrity. At the National Scierfoundation in
Arlington, Virginia, complaints can be directedthe Office of the Inspector General. Within univees, research
grant officials can provide guidance on whetheefatirules may be involved in filing a complaint.

Many institutions have prepared written materiab bffer guidance in situations involving professil ethics.
Volume Il of Responsible Science: Ensuring thedritg of the Research Process (National Academg$re
Washington, D.C., 1993) reprints a number of tllmmmuments. Sigma Xi, a national society of reseaointists
headquartered in Research Triangle Park, Northl@ardhe American Association for the Advancemaint
Science in Washington, D.C., and other scientifid angineering professional organizations alspegpared to
advise scientists who encounter cases of possiisieonduct.

The research system exerts many pressures on bagamd experienced researchers alike. Principalsitigators
need to raise funds and attract students. Facutylmers must balance the time spent on researctiheitiime
spent teaching undergraduates. Industrial sporigoo§hesearch introduces the possibility of carfliof interest.

All parts of the research system have a respoiigibil recognize and respond to these pressursstutions must
review their own policies, foster awareness of aede ethics, and ensure that researchers are afvdre policies
that are in place. And researchers should congthathware of the extent to which ethically basecisions will
influence their success as scientists.

A CAREER IN THE BALANCE

Francine was just months away from finishing heDPllissertation when she realized that somethiag seriously
amiss with the work of a fellow graduate studemtyi@. Francine was convinced that Sylvia was rwtially
making the measurements she claimed to be makhay $hared the same lab, but Sylvia rarely seembd there.
Sometimes Francine saw research materials throvay anwopened. The results Sylvia was turning ifméart
common thesis advisor seemed too clean to be real.

Francine knew that she would soon need to askhlesig advisor for a letter of recommendation foufty and
postdoc positions. If she raised the issue withalgeisor now, she was sure that it would affectiéteer of
recommendation. Sylvia was a favorite of her adyisto had often helped Sylvia before when hergubjan into
problems. Yet Francine also knew that if she waiitedhise the issue the question would inevitabilseaas to when
she first suspected problems. Both Francine andhlesis advisor were using Sylvia's results inrtbain research.
If Sylvia's results were inaccurate, they both eekfd know as soon as possible.

1. Should Francine first try to talk with Sylviajtivher thesis advisor, or with someone else dgfire
2. Does she know enough to be able to raise cosieern

3. Where else can Francine go for information tdoafid help her decide what to do?

THE SCIENTIST IN SOCIETY

This booklet has concentrated on the responséslibf scientists for the advancement of sciendesdiantists have
additional responsibilities to society. Even sdstconducting the most fundamental research ttebd aware
that their work can ultimately have a great impatsociety. Construction of the atomic bomb anddénelopment



of recombinant DNA-events that grew out of bas&esgch on the nucleus of the atom and investigatibeertain
bacterial enzymes, respectively-are two exampldmaf seemingly arcane areas of science can havendous
societal consequences.

The occurrence and consequences of discoveriessin tesearch are virtually impossible to foredaszertheless,
the scientific community must recognize the potrtir such discoveries and be prepared to addnesguestions
that they raise. If scientists do find that thegcdveries have implications for some importaneaspf public
affairs, they have a responsibility to call attentto the public issues involved. They might seaguitable public
forum involving experts with different perspectivas the issue at hand. They could then seek toaleee
consensus of informed judgment that can be dissegudrto the public. A good example is the respofise
biologists to the development of recombinant DNéhteologies-first calling for a temporary moratoriwm the
research and then helping to set up a regulatocharésm to ensure its safety.

This document cannot describe the many resport@biincumbent upon researchers because of s@dnoetion
in modern society. The bibliography lists sever@lmes that examine the social roles of scienitstietail. The
important point is that science and technology Ha@me such integral parts of society that s@entian no
longer isolate themselves from societal conceresrly half of the bills that come before Congresgeha
significant scientific or technological compone®tientists are increasingly called upon to contghlia public
policy and to the public understanding of sciefideey play an important role in educating nonscgsatabout the
content and processes of science.

In fulfilling these responsibilities scientists mtske the time to relate scientific knowledge daisty in such a way
that members of the public can make an informedsatatabout the relevance of research. Sometinsesarehers
reserve this right to themselves, considering npaes unqualified to make such judgments. But sgeffers only
one window on human experience. While upholdinghtieor of their profession, scientists must seekvimd
putting scientific knowledge on a pedestal aboveedge obtained through other means.

Many scientists enjoy working with the public. Othsee this obligation as a distraction from thekabey would
like to be doing. But concern and involvement wtite broader uses of scientific knowledge are emdent
scientists are to retain the public's trust.

The research enterprise has itself been changiegi@sce has become increasingly integrated irdoyeay life.

But the core values on which the enterprise isd&smesty, skepticism, fairness, collegiality, apess-remain

unchanged. These values have helped produce adlessderprise of unparalleled productivity andatingty. So
long as they remain strong, science-and the soitisgyves-will prosper.

"Any research organization requires generous measafrthe following:

- social space for personal initiative andcreativit
- time for ideas to grow to maturity;

- openness to debate and criticism;

- hospitality toward novelty; and

- respect for specialized expertise.

[These] may sound too soft and old-fashioned todsip against the cruel modern realities of
administrativeaccountability and economic stringen®©n the contrary, | believe that they are fundatal
requirements for the continued advancement ofnsiicknowledge-and, ofcourse, for its eventuatiabbenefits."

- John Ziman,Prometheus Bound: Science in a Dyn&teady State,Cambridge University Press, New YI9RA4,
p. 276.




THE NATIONAL RESEARCH COUNCIL AND SERVICE TO
SOCIETY

One way in which scientists serve the needs obthader society is by participating in the actasti of the
National Research Council, which is administeredhgyNational Academy of Sciences, the Nationald&ray of
Engineering, and the Institute of Medicine. Thdidlzal Research Council brings together leadens facademe,
industry, government, and other sectors to addnétssal national issues and provide advice toh8. government
and its citizens. Over the course of a typicakryabout 650 committees involving approximately0®,4ndividuals
study societally important issues that involve sceeand technology. All of these experts voluntkeir time to
serve on study committees, plan and participageminars, review documents, and otherwise assibeimwork of
the institution. Study committees work indepentieot government, sponsors, and special-interests.
Continuous oversight and formal anonymous reviethefresults of the studies enhance objectivity qunlity.
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APPENDIX: DISCUSSION OF CASE STUDIES

The hypothetical scenarios included in this bookdéte many different issues that can be discussddiebated.
The observations and questions given below suggststome of the areas that can be explored.

THE SELECTION OF DATA

Deborah and Kathleen's principal obligation, intiwg up their results for publication, is to deberiwhat they have
done and give the basis for their actions. Theytihesefore examine how they can meet this obligatvithin the



context of the experiment they have done. Questitaitsneed to be answered include: If the authtate & the
paper that data have been rejected because okpishiith the power supply, should the data poititse
included in the published chart? Should statistcellyses be done that both include and excludgubstionable
data? If conventions within their discipline alldar the use of statistical devices to eliminatdyong) data points,
how explicit do Deborah and Kathleen need to baénpublished paper about the procedures they foHloeied?

A CONFLICT OF INTEREST

Science thrives in an atmosphere of open commuoicatvhen communication is limited, progress isitéd for
everyone. John therefore needs to weigh the adyasitaf keeping quiet-if in fact there are any-agiaine damage
that accrues to science if he keeps his suggetstibimself. He might also ask himself how keepingegmight
affect his own life in science. Does he want toegpo his advisor and his peers as someone wassthan
forthcoming with his ideas? Will he enjoy sciensenauch if he purposefully limits communication withers?

INDUSTRIAL SPONSORSHIP OF ACADEMIC RESEARCH

Sandra has enrolled in the university to receivedurcation, not to work for industry. But working mdustrially
sponsored research is not necessarily incompatiliegetting a good education. In fact, it can bealable way to
gain insight into industrially oriented problemgdan prepare for future work that has direct agtians to societal
needs. The question that must be asked is whétberature of the research is subverting Sandrasagidn.
Sandra's faculty advisor has entered into a relstiip that could result in conflicts of intereshat relationship is
therefore most likely to be subject to review biydtparties. Can Sandra turn to those responsisleverseeing the
research for help in resolving her own uncertag®i#/hat would be the possible effects on her céfrebe did so?

THE SHARING OF RESEARCH MATERIALS

After a research material like a reagent has besaoribed in a publication, sharing that materiales{s and in some
cases enables the replication of results and iwerebntributes to the progress of science. Butéhgent in this
situation has not yet been described in a publiglagxtr, so the provisions for sharing it are déffer Ed needs to
consider the other laboratory's legitimate intemesteveloping that material and establishing howdrks before
publication. He also needs to consider the relatignbetween the two laboratories. If he turnsisdfdculty advisor
for help in acquiring the reagent, how is his adwigkely to respond? Is there any way he can weitk the other
laboratory and thereby come a step closer to fagramagreement with them about the use of the ntage

CREDIT WHERE CREDIT IS DUE

Ben is to be commended for being open and for sgaki involve others in his work. He will benefibin that
openness, even if he seems not to have benefitbisisituation. At the same time, Ben has to asisalf honestly
if his comments were a critical factor in Dr. Freseris work. If Dr. Freeman had already had the ddeees, he
should have told Ben this during their conversati®ut could the same ideas have come from else®here

If Ben is still convinced that he has not beentaddairly, he will need to work with his reseamtivisor to see if
his contributions can be acknowledged. One optionlevbe to see if his advisor would cosign a lettéh Ben or
write a letter on Ben's behalf addressing thisaés8en will need to think about the possible imgtiens of this
course of action for his own career. What if Dreémnan writes back and says that the lack of cveatan
oversight and that he will credit Ben in the futii&hat if he says that Ben's objections are notaméed and gives
the reasons why?



PUBLICATION PRACTICES

Contributions to a scientific field are not countederms of the number of papers. They are couintéerms of
significant differences in how science is underdtdd/ith that in mind, Paula and her students neasbnsider how
they are most likely to make a significant conttibn to their field. One determinant of impacthe tcoherence and
completeness of a paper. Paula and her studentsa@ealyto begin writing before they can tell whethee or more
papers is needed.

In retrospect, Paula and her students might alsth&snselves about the process that led to theisid&. Should
they have discussed publications much earlierémtiocess? Were the students led to believe thgtwbuld be
first authors on published papers? If so, shoudd ithfluence future work in the lab?

FABRICATION IN A GRANT APPLICATION

Even though Don did not introduce spurious resuatts science, he fabricated the submission of ¢éisearch paper
and therefore engaged in misconduct. Though hadrirent by the department might seem harsh, falicatrikes
so directly at the foundations of science that itdt excusable.

This scenario also demonstrates that researchdradaministrators in an institution may differ om thppropriate
course of action to take when research ethicsiatated. Sometimes institutions may be unwillinguoable to
respond to an ethical transgression in the wagdthentific community would desire. Researchers tnilgan have
to decide the extent to which they are willingngpose and enforce sanctions themselves.

A CASE OF PLAGIARISM

A broad spectrum of misconduct falls into the catggf plagiarism, ranging from obvious theft tocuedited
paraphrasing that some might not consider dishatest. In a lifetime of reading, theorizing, aexperimenting, a
person's work will inevitably incorporate and oegrhwith that of others. However, occasional oveitapne thing;
systematic use of the techniques, data, wordsleasi of others without appropriate acknowledgnsahother.

A person's background can play a role in considegpisodes of plagiarism. For example, what if May never
been taught the conventions and institutional esdigoverning the attribution of other's work? SHahe then
have been treated more leniently?

A CAREER IN THE BALANCE

Francine's most obvious option is to discuss thmson with her research advisor, but she haskdarself if this
is the best alternative. Her advisor is profesdigraand emotionally involved in the situation anéymot be able to
take an impartial stance. In addition, becauseativésor is involved in the situation, she may fbel need to turn
the inquiry into a formal investigation or to reptire inquiry to her supervisors.

Francine should also consider whether she canshistie situation directly with Sylvia. Many suspité evaporate
when others have a chance to explain actions thgthave been misinterpreted.

If Francine feels that she cannot talk with Syhghe needs some way to discuss her concerns cotiditie Maybe
she could turn to a trusted friend, another merobére faculty, someone on the university's adniiatire staff, or
an ombudsman designated by the university. Thabperan help Francine explore such questions aat Wh
known and what is not known about the situation?at\dne the options available to her? Should shé@ut
concerns in writing, an action likely to lead tfoamal investigation?



