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A TOPOLOGY OF THE ARGUMENTATION BEHIND THE CONSTRUCTION OF 

THE HUMAN GENOME PROJECT 
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ABSTRACT 
 

The Human Genome Project (HGP), the name given to the 

scientific program to map and decode all of human genetic 

material, has been projected to revolutionize the conduct 

of biological science in the twenty-first century. For 

several years before its formation in 1990, a federally-

funded, systematic study of the human genome was discussed 

first in the scientific arena and then in the public arena.   

The central hypothesis of this dissertation is that 

the arguments supporting or rejecting creation of the HGP 

and the rhetorical devices used to further those arguments 

had a major influence on the shape the HGP took in 1991.  

The argumentation used both for and against the creation of 

the HGP before the public as well as on the border between 

the public and scientific arenas is studied.  The 

rhetorical devices such as metaphor, narrative, and 

selective word choices used to further these arguments are 

also examined.  In particular, a rhetorical content 

analysis was performed on the 1986-1991 argumentation 

available to the most crucial audience for such persuasion: 

the members of Congress who ultimately voted for or against 



the program’s funding and its establishment as a part of 

U.S. science policy. 

The proponents of the HGP, especially after the first 

year of public debate, presented their arguments in a wider 

arena of discussion and presented more and more varied 

arguments to advocate the project. The opposition raised 

questions that had for the most part been answered earlier 

in the debate. Often anti-HGP arguments focused on less 

effective audiences (scientists instead of members of 

Congress). Opposition to the project didn’t become 

organized until near the end of the time frame studied, too 

late to have much of an impact on the outcome of the 

debate.  The rhetorical devices studied served to magnify 

the impact of arguments used: in particular, the metaphor 

served as a boundary object to bridge discussions between 

the scientific and the public arenas. 

Ultimately the victory in the debate over the 

establishment of the HGP was awarded to the promulgators of 

the strongest underlying metaphor--the idealized excitement 

and profit of exploration of unknown territory--and the 

benefits to come from filling in and conquering the unknown 

areas of the human genetic map, territory the U.S. was 

eager to claim for its own.  
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CHAPTER ONE: 
INTRODUCTION 

 
When a research initiative like the Human 
Genome Project relies on language, in 
addition to science, to puzzle out and 
present problems, we need to understand 
how ideas, issues, and questions are 
subject to the shaping power of the very 
people who present them.1 

 
1.1 Introduction 

The Human Genome Project (HGP), the name given to the 

scientific program to map and decode all of human genetic 

material, has been projected to revolutionize the conduct 

of biological science in the twenty-first century.2  For 

several years before its formation in 1991, a federally-

funded, systematic study of the human genome was discussed 

first in the scientific arena and then in the public arena.  

In this dissertation I study the argumentation used both 

for and against the creation of the HGP before the public 

as well as on the border between the public and scientific 

arenas.  I also study the rhetorical devices used to 

further these arguments.  (I define “argumentation” in the 

                                                           
1 C. A. Robidoux, (1997). "The Human Genome Project: Novel 
Approaches, Probable Reasoning, and the Advancement of 
Science," Advances in the History of Rhetoric: The 
Centrality of Rhetoric, A Collection of Selected Papers 
Presented at ASHR Conferences in 1997, Vol. II  (Fort 
Worth, Tx.: Am. Soc. History of Rhetoric): 45. 
2 D. J. Kevles & L. Hood, (eds.). (1991).  The Code of 
Codes:  Scientific and Social Issues in the Human Genome 
Project (Cambridge: Harvard UP), vii-viii. 



persuasive sense the word is used by Michel Callon, that 

is, as the process of discussion or debate through which 

agreement can be reached.3)  In particular, I conducted a 

rhetorical content analysis of the argumentation available 

to the most crucial audience for such persuasion: the 

members of Congress who ultimately voted for or against the 

program’s funding and its establishment as a part of U.S. 

science policy.  My hypothesis was that the argumentation 

and the rhetorical devices used to further those arguments 

had a major influence on the shape the HGP took in 1991. 

Political decisions were influenced as heavily (if not more 

so) by rhetoric as they were by the science aspects of the 

debate.  

As the debate over the HGP moved from within the 

scientific arena to the public (and political) arenas, 

supporters of the HGP spoke in terms of  

• the eradication of genetic diseases;  

• the revitalization of biological science in the 

U.S.;  

                                                           
3 According to Callon, “reason comes into being where 
arguments occur.”  Michel Callon, “Four Models for the 
Dynamics of Science,” In Sheila Jasanoff et al. (eds.). 
(1995).  Handbook of Science and Technology Studies, 
(Thousand Oaks, Ca.: Sage Publications), p. 34. 
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• the creation of a crucial tool in the battle 

against cancer4 and AIDS; and 

• a resultant boost to all scientific research5 that 

would develop tools of use in the physical as well 

as the biological sciences.   

In other words, the HGP was envisioned as the "holy grail"6 

for biology, and ultimately, for all science.   

Even as the research program was proposed, significant 

objections to its creation surfaced.  There were three main 

concerns voiced:   

• that such a big-science project might forever 

change for the worse the conduct of federally-funded 

biological science in the U.S. in many ways, 

including interference with the peer review process 

and draining money away from more traditional, 

investigator-oriented biological research. 

• that genome sequencing, a major part of the 

original concept for the project, could end up 

involving detailed, laborious (and intrinsically 

nonscientific) boring, mechanical laboratory work.  

                                                           
4Renato Dulbecco, (1986, March).  “A turning point in cancer 
research: Sequencing the human genome,” Science 231, 1055-
6. 
5Ibid. 
6Roger Lewin, (1986).  “Molecular biology of Homo sapiens,” 
Science 231 (July): 157-8. 
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This could have a negative effect on attracting, 

training, and retaining new researchers.  

• that the project itself was founded on "bad” or 

imprecise science"7 or did not really constitute 

science at all, just rote technical recording of 

data. 

There were several potential formats proposed for this 

federally-funded scientific program, but the ultimate form 

the project took in federal fiscal year 1991 (FY91)8 was a 

result of the debates, discussions, disagreements, 

cooperation, and opposition within and between the 

scientific and political arenas and especially on the 

boundary between the two.  The project was the product of 

the friction among different agents and agencies, all with 

their own agendas.  This give-and-take argumentation, and 

the rhetorical strategies (or choices of rhetorical 

devices) used to further group or individual agendas, had a 

vital influence on members of Congress, who would be voting 

on whether or not to fund the project, as the merits of a 

study of the human genome were being debated.  

                                                           
7Martin Reichsteiner, Personal communication, March 3, 2000.  
8 Federal Fiscal Years (FY) start October 1, three months 
before the named year.  For example, FY91 started October 
1, 1990. 
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By FY91, members of the U.S. Congress had come to a 

decision: they voted to form one federal human genome 

program that was to be jointly administered by the 

Department of Energy (DoE) and the National Institutes of 

Health (NIH).9  In this dissertation I examine the formative 

years of the HGP by studying communications among 

communities involved in bringing it into existence.  

Emphasis is given to communications (newspaper, magazine, 

and journal articles; published letters to the editor; 

Congressional testimonies; and agency and Congressional 

reports) readily available to or with demonstrable 

influence on members of Congress involved in debates from 

1986 through 1991. The results of my study demonstrate that 

the HGP was created, in a great part, because of the 

particular arguments used to support it and that the 

rhetorical devicesused to further these arguments had an 

important influence on the goals the project assumed and 

the focus the project finally took. 

 

 

                                                           
9In reality, NIH had greater spending power and therefore 
greater influence on administration of the program because 
of the disparity in funding provided by Congress 
specifically for human genome projects.  NIH’s FY1991 
budget for human genome research was $89,731,000; DoE’s 
funding was approximately $46,000,000. 
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1.2 Brief History 

 Several groups of scientists had discussed the value 

of mapping and/or sequencing the human genome before this 

project was created, but a conference10 on sequencing the 

genome held at the University of California, Santa Cruz, in 

May 1985 is regarded as the real birth of what was to 

become, after many transformations, the HGP. Appendix 1-111 

presents a timeline of events in the creation of the 

project.  The formation of the project was influenced by 

many sources, some from as far back as the production of 

the first rough gene map (of fruit flies, or Drosophila 

melanogaster) in 1913. Early mapping involved discovering 

and plotting out the spatial relationship of genes on 

chromosomes, just as a road map notes how close or far 

apart cities are.  Figure 1A presents a common visual 

metaphor for genetic mapping used during this period.  See 

Appendix 1-2 for further examples of different types of 

mapping.  

By 1986, when my study begins, researchers were 

attempting to place genes of humans and those of several 

other organisms (including the fruit fly, baker's yeast, 

                                                           
10 Commonly referred to afterwards as the Santa Cruz 
meeting. 
11 The timeline also includes publication dates of primary 
source materials examined in my study. 
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the mouse, and the dog) onto their proper locations on 

their respective chromosomes.  Organisms other than the 

human were studied since all organisms share the same DNA 

code and because genes from very dissimilar organisms can 

have related, if not identical, functions and similar modes 

of organization.  In addition, humans are not as amenable 

to the sexual-cross procedures used to locate genes for 

other species.  Thus genomes of organisms easier to study 

in the laboratory often were tackled first. But in 1986 

there was little effort to coordinate the research done in 

different laboratories.  Also, this research was an 

expensive and  laborious process, requiring a great deal of 

work to achieve even small increments in knowledge.  

However, in the last half of the 1980s, the introduction of 

advances such as polymerase chain reaction (PCR) helped 

make the HGP more feasible by speeding up and reducing the 

cost of the processes used to study the genome. 

 Many federal agencies were to become involved in 

discussions regarding the formation of a federal policy to 

map the human genome, but DoE took the lead in the early 

years.  In 1985, Charles DeLisi, then DoE associate 

director of health and environmental research, proposed the 

formation of a Human Genome Initiative, internal to the 

agency, to map and sequence the human genome.  DoE 
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officials felt their agency was a particularly good home 

for the initiative because  

• it had a long history of research into heritable 

mutations (an outcome of years of research into 

radiation effects);  

• analyzing the results of sequencing, the recording 

of the exact sequence of the bases within the 

chromosomes of the human genome, would require 

development of new computing technology to increase 

the speed and accuracy of the process, and 

developing this type of technology was a particular 

strength of the agency; 

• DoE, unlike many other federal agencies, had direct 

experience in funding large-scale research projects; 

and 

• with the end of the Cold War, the agency had good 

research facilities and researchers ready to refocus 

their attention on new initiatives. 

Robert Sinsheimer, Chancellor of the University of 

California at Santa Cruz, hosted a meeting May 1985 to 

discuss creating a human genome study project, one that 

would be conducted in conjunction with cooperating DoE 
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laboratories,12 that would enhance the University’s 

reputation in biology to “put Santa Cruz on the map.”13 

Even though the meeting did not result in a human genome 

program housed at the University of California at Santa 

Cruz, according to Sinsheimer, one attendee, Nobel laureate 

Walter Gilbert, “carried the ideas from Santa Cruz into the 

mainstream of molecular biology. . . . Gilbert . . . stoked 

the genome engine, preserving the spirit of Santa Cruz”14 

during the next few critical years. 

March 1986 saw a first DoE meeting on human genome 

sequencing.  It was convened in Santa Fe, N.M., by 

researchers from DoE's Los Alamos National Laboratory.  A 

meeting attendee, Nobel Prize laureate H. O. Smith, stated 

that 

perhaps the most impressive feature of  
the meeting was the unanimous consensus  
that sequencing the entire human genome  

                                                           
12 NIH was also informed about this meeting, but there were 
several major obstacles in the way of NIH support for a 
program based at the University of California at Santa 
Cruz.  DoE had existent facilities already engaged in 
cooperative research with the University (Los Alamos, 
Lawrence Berkeley, and Lawrence Livermore national 
laboratories).  NIH did not.  And NIH funding for the 
project was restricted to paying for research, not for the 
building of the facilities to house the research.  Until 
such facilities were constructed, NIH could not help with 
large-scale funding. 
13 Robert Sinsheimer, as quoted in Robert Cook-Deegan, 
(1994).  The Gene Wars:  Science, Politics, and the Human 
Genome (New York: W.W. Norton), p. 79. 
14 Walter Gilbert, as quoted in Cook-Deegan, Gene Wars, 88. 
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is doable . . . how to implement such a  
heroic and costly undertaking is less clear.15 

 
   However, just three months later, a sizable opposition 

to the DoE initiative surfaced within the molecular 

genetics community at the "The Molecular Biology of Homo 

sapiens" meeting organized by Nobelist James Watson and 

held at Cold Spring Harbor Laboratory (Long Island, N.Y.).  

David Botstein, an eminent genetics researcher, voiced a 

major objection to the DoE’s plans.  He argued that such a 

federally funded big science project could impact funding 

in biological research, especially for researchers 

beginning their careers: 

  if it means changing the structure of  
  science in such a way as to indenture all  
  of us, especially the young people, to this   
  enormous thing . . . we should be very  
  careful.16  
 
Other objections concerned the appropriateness of DoE as 

the leading agency for the research.  The molecular 

biologists in attendance demonstrated a lack of enthusiasm 

for DoE's proposals, "perceiving it as a misguided 

                                                           
15 H. O. Smith,  (1986, 6 March).  Letter to Mark W. 
Bitensky, Johns Hopkins University, as quoted in Cook-
Deegan, Gene Wars, p. 98. 
16 David Botstein, (1986, June 3).  Comments taped by C. 
Thomas Caskey at session on Human Genome Project, at the 
symposium on the Molecular Biology of Homo sapiens, Cold 
Spring Harbor Laboratory, and quoted in Cook-Deegan, Gene 
Wars.  See page 111. 
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bureaucratic initiative"17  and a direct threat to their own 

funding. It was true that DoE did have experience in large-

scale projects, but it had little experience in the funding 

of biological research. Most biology funding came from NIH, 

where individual researchers (or small groups of 

researchers) acquired grants only after vigorous peer 

review of proposed research activities.  There was no 

federally funded biology program that was organized or 

managed on the massive scale proposed by DoE. Researchers 

feared that DoE, which had no such formalized form of pre-

funding review, would bypass the peer review process.  

Several researchers such as Paul Berg (Nobel Laureate, 

Stanford University) and David Botstein voiced concerns 

that DoE's focus would concentrate on the necessary 

development of new technology to the detriment of actual 

genome research and the accumulation of useful data from 

mapping and sequencing.  (In reality, developing technology 

and a sturdy infrastructure was the focus of DoE's original 

proposal).  Roger Lewin, a respected  science writer, 

covered this symposium, and some of the first public alert 

of a coming debate over the HGP appeared shortly afterwards 

in the pages of Science.  

                                                           
17Cook-Deegan, Gene Wars, 113. 
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  That same year (1986), the Howard Hughes Medical 

Institute (HHMI) funded an international human genome forum 

at NIH, at which Donald Fredrickson, president of HHMI (and 

former director of NIH) announced the HHMI's intention to 

move into funding of human genome research.  The forum was 

heavily covered by the press; highly visible were previous 

proponents and opponents of human genome projects.18  Both 

supporting and opposing sides aired their views, and the 

process of changing the shape of the proposed project 

continued.  At the time the project seemed to be on shaky 

ground: a current headline even read "The drive to initiate 

a Big Science project to sequence the entire human genome 

is running out of steam."19)  But this forum actually 

started efforts to revamp the proposal with new interests 

and new foci.20 

                                                           
18 "It was a gala event held on the NIH campus, July 23, 
1986.  Sinsheimer, Watson, Gilbert, and Lloyd H. (Holly) 
Smith (chairman of the HHMI medical advisory board) sat 
next to one another scribbling notes in the Nobel 
laureates' corner, next to the dean of human genetics, 
Victor McKusick.  Donald Fredrickson . . . introduced and 
closed the meeting, which was chaired by Walter Bodmer from 
the Imperial Cancer Research Fund laboratories in London." 
Quoted in Cook-Deegan, Gene Wars, 121. 
19 Roger Lewin, (1986).  “Shifting sentiments over 
sequencing the human genome,” Science (Aug. 8): 231, 620-
621. 
20Cook-Deegan, Gene Wars: "The HHMI forum was a turning 
point, but the new direction was not entirely clear at the 
time," 122. 
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Through reports in Science and in newspapers such as 

The Boston Globe, Congressional awareness of the human 

genome proposal grew.  In 1986 the Technology Assessment 

Board of the U.S. Congress commissioned an Office of 

Technology Assessment (OTA) study of gene mapping and 

genome projects. The call for the production of this study 

showed strong Congressional interest in researching the 

genome, but whether or not Congress would ever fund such a 

Federal genome project was unknown. Even if Congress funded 

the program, still undetermined were the details of 

research funding, oversight and management, and goals of 

research.21  

 At first NIH did not seem particularly interested in--

or even aware of--DoE's big science proposals.  But in June 

1986, then-director James Wyngaarden became alarmed when 

questioned about DoE's plan to spend $3.5 billion on its 

human genome initiative.  He stated that the idea of DoE 

sponsoring biological research was incongruous, "like the 

National Bureau of Standards proposing to build the B-2 

bomber."  After consulting with advisors about the 

practicality of small vs. large projects with NIH funding, 

                                                           
21 The resulting publication, Office of Technology 
Assessment, U.S. Congress, Mapping Our Genes: Genome 
Projects: How Big, How Fast? was finished and presented to 
Congress in 1988. 
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Wyngaarden held an October meeting of NIH's Director's 

Advisory Committee directly following the HHMI forum.   

Attendees at this meeting scrutinized all previous U.S. 

federal agency genome efforts as well as foreign (mainly 

Japanese and European) activities.  Wyngaarden then 

appointed an NIH Working Group to analyze NIH efforts, and 

in December he appeared before House and Senate legislative 

committees, giving briefings about current uncoordinated 

genome initiatives in the U.S. 

In the early months of 1987, Congress held the first 

meetings of appropriations committees to discuss possible 

funding of DoE's Human Genome Initiative program. Called as 

a witness to discuss other funding projects, NIH-director 

Wyngaarden requested an additional $30 million for NIH 

specifically for genome research funds for FY88, with 

continued (and growing) funding in subsequent years.  

Wyngaarden also established the NIH Office of Human Genome 

Research to coordinate NIH human genome research efforts in 

the coming years. 

 Also in 1987 the formation of the international Human 

Genome Organization (HUGO) furthered international 

cooperative research efforts.22  Even as this was happening, 

                                                           
22 For further information on the formation of HUGO, see 
Deborah C. Rumrill, (July 1993). Initiating International 
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or perhaps because of it, Congressional circles discussed 

the specter of the U.S. being outpaced in genome research 

by foreign competitors.  

 The growing interest in human genome projects did not 

escape the notice of the National Academy of Science (NAS) 

and the National Research Council (NRC). In 1987 NRC's 

committee on the HGP (chaired by Bruce Alberts) held 

several policy meetings23 to try to reach consensus on U.S. 

human genome research, "for the first time systematically 

assess[ing] the arguments for and against a dedicated 

genome project."24  The committee was described by Alberts 

as “the most fun of any committee that I have worked on” 

because of “the talented people on it, the rapid learning 

process it entailed, the uncertainty of its outcome, and 

its direct impact on policy.”25  The committee’s detailed 

report,26 which supported mapping and further redefined the 

                                                                                                                                                                             
Collaboration: A Study of the Human Genome Organization.  
Master’s thesis, Science and Technology Studies, Virginia 
Tech, Blacksburg, Va. 
23 The committee had its first, organizational meeting in  
Dec., 1986, but started to conduct its information 
gathering research at meetings starting in January, 1987. 
24Cook-Deegan, Gene Wars, 132. 
25From the interview notes of Robert Cook-Deegan: interview 
with Bruce Alberts, Univ. of California, San Francisco, 
August 18, 1988, as quoted in Cook-Deegan, Gene Wars, 132. 
26 The study was funded by the James S. McDonnell 
Foundation. 
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federal project, Mapping and Sequencing the Human Genome,27 

was printed in 1988.  It recommended that oversight for the 

project be by one single federal lead agency.  This logical 

recommendation only led to further controversy because the 

report did not give approval to either of the agencies then 

vying for the job, NIH and DoE. 

 Also in 1988, NIH announced its plans for a newly 

created position of associate director of NIH (The Office 

of Human Genome Research), and James Wyngaarden appointed 

Nobel Laureate James Watson to head this project.  In a 

year of jockeying for authority for genome projects, NIH 

took an increasingly prominent lead in human genome 

research deliberations, building upon its "preeminent"28 

role in funding biological research and guiding national 

science policy.  Many researchers who were against a DoE-

led project expressed trust in NIH’s peer review funding 

and review processes: 

By tradition, [NIH] fostered small-scale 
investigations and local initiative.  To  
many biomedical scientists, [DoE’s] entry  
into the genome sweepstakes threatened to 

                                                           
27Committee on Mapping and Sequencing the Human Genome, 
Board on Basic Biology, Commission on Life Sciences, 
National Research Council. (1988).   Mapping and Sequencing 
the Human Genome (Washington, D.C.:National Academy Press). 
28Cook-Deegan, Gene Wars, 135. 
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divert funds from the NIH and subject mapping  
and sequencing research to centralized,  
czar-like control.29 

 
NIH, aggressively seeking funding through Congress, began 

in 1988 to highlight genome projects in appeals to 

Congressional appropriation committees.30 NIH's efforts were 

bolstered by the publication of the NRC report suggesting a 

$200 million funding level to start the project.  In 

addition, OTA’s report, Whose Genes? Mapping Our Genes: 

Genome Projects: How Big, How Fast?, strongly recommended 

U.S. genome research efforts be centered within NIH.  By 

now it was obvious that both NIH and DoE would have some 

part of future U.S. human genome research, but opposition 

to DoE leadership and authority made NIH more attractive 

for a lead agency, at least for mapping research.  Under 

internal and external pressure to cooperate, NIH and DoE 

signed a Memorandum of Understanding to jointly pursue 

human genome research.  (See Appendix 1-3, for a copy of 

the text of the Memorandum of Understanding.) 

 In 1989, as one of his first acts as head of the new 

NIH Office of Genome Research, Watson created the NIH 

                                                           
29Kevles, Code of Codes, 23. 
30These appeals surfaced in many appropriations committees, 
not just those which dealt directly with funding genome 
programs. 
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Working Group on Ethical, Legal, and Social Issues (ELSI).31  

It was the promise of dedicating a substantial portion of 

federal genome funds (initial estimates were roughly 3% of 

total funding; at times the proposals rose to approximately 

5% of total NIH project funding32) to study ethical, legal, 

and social issues went a long way in bolstering NIH's 

budgetary requests.  Also in 1989, NIH transformed its 

Office of Human Genome Research into the National Center 

for Human Genome Research, with an infrastructure that gave 

Watson more authority and autonomy. 

 An anti-HGP letter-writing campaign started in 1990, 

led by Martin Rechsteiner, the University of Utah, 

triggered subsequent discussions in Science opposing the 

project.33 1990 also saw NIH and DoE, under official mandate 

for cooperation, publish their first joint five-year plan  

hammered out by subcommittees in each agency. (The 

                                                           
31 It is easy to be skeptical about the motivation behind 
the creation of ELSI because its creation did answer many 
of the concerns over use of genetic information that were 
being raised in Congressional committee meetings.  However, 
Watson did have a history of interest in this area, going 
back to his May 1971 The Atlantic article “Moving Towards 
Clonal Man: Is This What We Want?” (The Atlantic, 227, 53). 
32 DoE already had the start of such a program, formed after 
pressure from then-Senator Albert Gore. 
33 Rechsteiner did not oppose the HGP simply because it was 
first proposed by the DoE.  He questioned the very science 
behind the proposed project, declaring that it was either 
not science at all (merely rote sequencing) or it was 
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Executive Summary for the five-year plan can be found in 

Appendix 1-4.)  One major directive was to pursue mapping 

and delay concentration on mapping until the technology 

could be improved.   

1990 saw fierce debate in Congress over the FY91 

budget and a reprise in scientific circles of the 

controversy over the virtues of mapping vs. sequencing, big 

science vs. little science, the value of model 

animal/organism work, and the wisdom of funding of long- 

vs. short-term projects.   

 The HGP finally received legitimation as a part of 

U.S. science policy with its first direct presidential 

endorsement by President Bush in an address before NAS on 

April 23, 1990. Bush reinforced his remarks in February, 

1991, at a speech to the American Association for the 

Advancement of Science (AAAS). James Watson declared that 

fiscal year 1991 (starting October 1, 1990, the date when 

he took over as director of the project), was the true 

start of the HGP.34 However, the anti-HGP letter writing  

 

                                                                                                                                                                             
poorly designed, “inelegant,” and “bad science.”  Martin 
Rechsteiner, personal communication, March 8, 2000. 
34 "Watson declared ex cathedra that the genome project 
would officially start in October 1990, at the beginning of 
fiscal year 1991.  He argued that the first few years were 
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campaign gained strength and then slowly lost momentum in 

the year after the project was legitimated and financed. 

1.3 Rhetorical Influence and Rhetoric(s) of Science   
 and Science Policy 
 
 Throughout this formative period, proponents and 

opponents of the HGP tried to convince each other and 

members of Congress of the value of their stances.  The 

arguments they used and the choices of rhetorical devices 

used to further represent the arguments were extremely 

influential in shaping earlier visions of the HGP into the 

program that was finally established in October, 1990.  

In my dissertation, with the word "rhetoric," I intend 

a close scrutiny of the structural composition of the 

various persuasive devices played off against each other to 

(socially and politically) mold the HGP to the form it took 

by FY91.  A careful study of these rhetorical devices can 

yield valuable information on which arguments and 

rhetorical devices were the most successful with which 

audiences and under what circumstances.   

 From 1986, the infrastructure, goals, and direction of 

day-to-day activities of what was to become the HGP were 

molded and influenced by the arguments and rhetorical 

                                                                                                                                                                             
taken up by getting organized."  Cook-Deegan, Gene Wars, p. 
168. 
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devices used by the project's proponents and opponents.  

Proposals, questions, and criticism were, for the most 

part, crafted to be as persuasive as possible to overcome 

opposition.  There were many who supported the project and 

many who opposed it.  There were also many who supported 

only one part of the proposed plan(s) and opposed other 

parts.  There were some, both in science and in Congress, 

who were persuaded to change their support after listening 

to arguments of others.  The arguments and rhetorical 

devices used by each group or party to present specific 

arguments, in the end, helped determine the success of the 

efforts to establish the HGP. 

This study also explores tensions and efforts at 

cooperation among the different agents and agendas 

involved:  federal agencies (primarily DoE and NIH), 

disciplines (biology, molecular biology, biochemistry, 

nuclear science, computer science, genetics), visions of 

science (big vs. little science, basic vs. applied 

research), and concepts of U.S. science policy 

(international cooperation or competition, short vs. long-

term funding).   

Science policy, by and large, is set by non-

scientists, by members of Congress making funding 

decisions.  Study of the formation of the HGP also can be 

 21



reduced to arguments over financing--what would give the 

federal government the most return for its money?  By 

exploring the arguments presented before Congress and the 

final form taken by the HGP, the efficacy and or failure of 

certain arguments and rhetorical devices can be observed.   

At the time the HGP was proposed, Congress was also 

wrestling with the financial needs of two other "big 

science" projects that would use many resources:  the 

superconducting supercollider and NASA's space station.  

Various elements of the scientific community came to 

Congress to request federal funding for their expensive 

programs. As it turned out, in a time of overall reduced 

budgets, the HGP was the only major program to receive such 

legitimation. Congress members were persuaded to support 

this program ahead of other programs.  A close look at the 

debate and the arguments used and the rhetorical devices 

crafted to present these arguments can reveal why this 

program was established and did not languish as did other 

worthy big science projects competing with the HGP for 

Congressional support and funding. 

During this formative period, few Senators and 

Congressional representatives deciding upon federal budgets 

had backgrounds in genetics. As a result, scientists were 

faced with the necessity of arguing the program's merits 
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and deficits in a language and manner understandable to 

non-scientists.  In a world of limited resources (and 

actual funding cuts), scientists needed to craft their 

communications to Congressional leaders to be as persuasive 

as possible to convince the leaders that the HGP was (or 

was not) the best use of research funds.  Beyond the appeal 

of the benefits of increasing scientific knowledge, 

emotional appeals to authority were pervasive. Arguments by 

Nobel Laureates, especially James Watson, had a marked 

effect on the opinions of members of Congress and other 

scientists.  Metaphors of reading "the book of man" and 

"the blueprint for all life," and promises of major health 

benefits (argued before an increasingly elderly 

Congressional audience) had a great deal of influence on 

the outcome of these discussions--the formation of the HGP. 

My study centers on the communication boundary between 

science (here represented by the genetics community) and 

the public (represented by members of Congress involved in 

agency budget reviews).  On this boundary, science is 

"translated" and conveyed to non-scientists using rhetoric 

geared to presenting as strong as possible an argument for 

or against establishment of the project. 
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1.4 Mapping Out This Study 

This research is designed to address what arguments 

and what rhetorical devices were used to argue for and 

against federal support for the HGP in a time when federal 

research funding was being reduced overall.  Specific 

research questions addressed are: 

• What arguments were used by the first 

proponents and opponents of a federally-funded 

HGP?  Were these arguments inherited from 

earlier discussions in the scientific arena, or 

did they originate at the time under study?  

Where did these arguments first surface and 

under what circumstances? 

• How were the major argument "threads" deployed 

between 1986 (the period of the first 

governmental discussions of the HGP) and 

October, 199035 (the time of the start of federal 

line-item funding for the project)?  

• Can any changes in the proposed structure of 

the HGP be identified with particular lines of 

argumentation or use of rhetorical devices? 

                                                           
35 Since even articles or letters to the editor have 
publication delays of up to several months, the coverage of 
this research is extended to include calendar year 1991, to 
make allowances for publication delays. 
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• Did the frequency or focus of the arguments 

narrow or expand over time? 

• Which arguments appear to have been the most 

persistent and in which circumstances? 

This dissertation represents the first rigorous 

rhetorical content analysis and examination of the 

arguments and rhetorical devices for the HGP. It focuses on  

• a qualitative study of the influence of various 

arguments and rhetorical devices on the proposed 

structure of the HGP, and  

• the quantitative results from a large database 

detailing each argument (and each rhetorical 

strategy used to further that argument) made for or 

against the HGP during its formative years of 1986-

1991. 

My study also coordinates results from the quantitative and 

qualitative studies with historical records.    

1.5 Structure of the Dissertation 

A literature review of rhetoric of science and science 

policy relevant to this study can be found in Chapter 2.  

The research methodology I developed and followed to answer 

the central research questions of this dissertation I 

describe in Chapter 3. I present in Chapters 4 and 5 
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quantitative and qualitative analyses of arguments and 

rhetoric of the HGP, in an historical context to answer the 

research questions underlying the study. In Chapter 6 I 

conclude the dissertation with the conclusions, 

implications, and potential applications of my study. 
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Figure 1-A 
Visual Mapping Metaphor36 
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36  From OTA’s Mapping Our Genes, 5. 



CHAPTER TWO: 
THE RHETORIC OF SCIENCE AND RHETORIC OF SCIENCE POLICY 

 
But scientists argue, and their arguing  
is absolutely central to their success:   
science is rhetorical.37 

 
This study of science rhetoric used in the formation 

of the Human Genome Project draws upon classical rhetorical 

studies and modern rhetorical studies of science and 

science policy, which include inquiries into the narrative 

and metaphorical nature of language, the social 

construction of reality, and critical theories of language.  

The arguments in favor of the HGP proved to be the most 

persuasive because the project was established at the start 

of FY1991.  But the degree of influence of arguments and 

rhetorical devices used to further them can only be 

revealed through a rigorous rhetorical content analysis. 

Today the term “rhetoric” carries an aura of 

disreputability; often it is used as a pejorative term, 

such as “merely rhetoric” or “only rhetoric,” or even 

“political rhetoric.”  But these usages of the term bear 

very little relationship to the use of “rhetoric” in modern 

rhetorical studies of science and science policy.  Rhetoric 

of science is a study of argumentation, of persuasion, of 

                                                           
37 Randy Allen Harris, (1997). "Introduction,” In Randy 
Allen Harris, (ed.). Landmark Essays on Rhetoric of 
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“how scientists persuade and dissuade each other and the 

rest of us about nature.38 

2.1 Ancient/Classical Rhetoric 

Any rhetorical study done today must take into account 

the precepts of classical rhetoric and the evolution of 

rhetorical study.  The Sophists (from the Greek sophos, 

meaning “wise,” of the fourth and fifth centuries B.C.) 

were traveling teachers and scholars who were interested in 

the process of persuasion. Sophists, especially Gorgias, 

argued that 

decisions about truth in rhetorical 
situations cannot be guided by . . . reason 
. . . Competing, often contradictory, truth 

claims [must be consulted to] determine which 
best fits the situation at hand"39  

  
Sophists believed in the influence of the social in 

the construction of meaning, of truth, of nature: "the 

situational contingency of truth in rhetoric."40 Because of 

this, sophists in general and Gorgias in particular were 

lambasted by Plato (427-347 B.C.) as manipulators of truth, 

interested in form or appearances and not knowledge or 

truth. Such "construction" of truth was seen as a 

                                                                                                                                                                             
Science: Case Studies (Mahwah, N.J.: Lawrence Erlbaum 
Assoc., Inc.), xi, xii. 
38 Harris, Landmark Essays, xi, xii. 
39 William A. Covino and David A. Jolliffe. (1995).  
Rhetoric: Concepts, Definitions, Boundaries (Boston: Allyn 
and Bacon), 49. 
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manipulative process to achieve persuasion at any cost.  

Plato's negative commentaries are still reflected in 

current views of the study of rhetoric as study of style 

devoid of content.41   

More firmly codified study of rhetoric, or strategies 

and patterns of argumentation (suasion), can be traced back 

as far as Aristotle's Rhetoric (3rd century B.C.) Aristotle 

saw rhetoric as a theory of communication, as "seeing the 

available means of persuasion"42 in a given situation.  

Three major strategies of persuasion he discussed were: 

ethos, pathos, and logos.  Ethos can be defined as the 

character and credibility of the author, a measure of the 

faith or trust the audience can place in the author or 

speaker, the rhetor.  Pathos defines appeals by the author 

to the psychology of the audience, appeals not just to 

emotion (as the term is commonly defined), but appeals 

where authors carefully consider their audience and choose 

as premises and examples of the argument concepts with 

                                                                                                                                                                             
40 Ibid. 
41 It is interesting that Plato's views of rhetoric as 
dialectical hold many similarities to modern rhetoric.  See 
Michele Morgan and James L. Kinneavy. (1984).  "Translating 
Theory into Practice in Teaching Composition: A Historical 
View and a Contemporary View," In Robert J. Conners, Lisa 
S. Ede, and Andrea A. Lunsford, (eds.). Essays on Classical 
Rhetoric and Modern Discourse (Carbondale: Southern 
Illinois UP), 72. 
42 Aristotle, (1991). On Rhetoric : A Theory of Civic 
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which the audience is already familiar.43  Logos is 

frequently translated as "logic," but the term is more 

inclusive, also encompassing an appeal to formats and 

methods of reasoning that the audience to be addressed 

already finds authoritative and persuasive.44  Obviously, 

all three strategies are interrelated: 

thus, just as ethos moves an audience by 
activating their faith in the credibility of  
the rhetor and pathos stimulates their feelings 
and seeks a change in their attitudes and 
actions, so logos, accompanied by the other  
two appeals, mobilizes the powers of reasoning.45 

 
Aristotelian rhetoric was eminently suited to the oral 

culture of Greece, with emphasis on means of persuasion--

and the need for a rhetor to develop multiple perspectives 

of appeal, style, and arrangement of the parts of an 

argument for oral speeches. In the centuries following 

Aristotle, Roman rhetorical theorists further codified the 

theories, emphasizing memory, the "retrieval" of mental 

                                                                                                                                                                             
Discourse, Trans. George A. Kennedy (New York : Oxford UP). 
43 Chaim Perelman, (1982). The Realm of Rhetoric (Notre 
Dame, Ind.: University of Notre Dame Press). 
44 Covino & Jolliffe, Rhetoric, 17.  For example, peer 
reviewed scientific articles hold more credibility than 
articles published by even the same author in a non-
reviewed venue.  (E.g., articles in Science are presented 
in an “expected” format which hightens the aura of logic 
attributed to the contents of the article itself.  See 
Charles Bazerman, (1988).  Shaping Written Knowledge: The 
Genre and Activity of the Experimental Article in Science.  
Madison: University of Wisconsin Press. 
45 Ibid. 
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images by the audience as well as by the rhetor, and 

delivery, use of voice and gestures in oral presentation.  

By classical rhetorical standards, a speech is judged 

effective or not by how closely it matches set (and 

expected) standards for ethos, pathos, and logos for the 

particular audience being addressed.   

The classical form of rhetoric remained authoritative 

for most of the next millennium.  However, by the mid-

fifteenth century, the study of rhetoric adapted to the 

changing needs of the times.  The art of letter writing 

(ars dictaminis), the art of preaching (ars praedicandi), 

and the rhetoric of verse writing (ars grammatica) were 

added to traditional, orally-focused rhetorical study. By 

the mid-sixteenth century, rhetoricians had seen a typical 

Renaissance-era return to classical concepts and study of 

classical literature and rhetoric.  Uncertainty caused by a 

growing awareness of the power of language and the period's 

preoccupation with magic and the occult led to a 

reactionary call for more rigid and limiting standards for 

rhetorical acts of delivery and style to avoid outward 

appearance of Sophist manipulation of truth and reality.   

During the Enlightenment period of the eighteenth  

century, the standing of rigid rhetorical rules was 

diminished by the period's emphasis on empiricism, 
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experimentation, and inductive logic as methods of 

attaining truth.  Plato's criticisms again predominated.  

Rhetoric was viewed as concentrating on only form, not 

content.  But rhetoric did have its place.  Even though 

rhetoric's syllogistic form of reasoning was considered 

inferior and rhetoricians of the period emphasized logos at 

the expense of pathos, a gentleman's appeals to emotion in 

poetry and speech became the mark distinguishing him as 

cultured and well-bred.  In effect, this period saw a 

further separation of the rhetorical arts--all "that 

relates to beauty, harmony, grandeur, and elegance; all 

that can soothe the mind, gratify the fancy, or move the 

affections"46 from the unemotional, the objective, and the 

scientific.   

2.2  Rhetoric in the Twentieth Century 

My study is more in line with current studies of 

ethos, logos, and pathos in modern rhetoric of science 

which has evolved a great deal from classical rhetoric.  

The start of the twentieth century saw rhetoric usually 

reduced to mere instruction in writing mechanics,47 leading 

                                                           
46 Hugh Blair, (1783).  “Lectures on Rhetoric and Belles-
Lettres,” as quoted in Covino & Jolliffe, Rhetoric, 48. 
47 Michele Morgan, "Tracing the reemergence of rhetoric and 
its impact on modern composition." n.p., n.d., April 21, 
1999.  Available:  
http://english.ttu.edu/courses/5361/book/morgan.htm. 
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to I. A. Richards' condemnation of it as the "dreariest and 

least profitable part of the waste the unfortunate travel 

through in freshman English."48  But modern rhetoric, often 

called epistemic rhetoric, is a comparatively recent 

phenomenon of the last part of the twentieth century. It 

includes studies of the rhetoric of science and draws both 

upon the work of earlier and more modern theorists.  Even 

though modern rhetorical theory has retained strong ties to 

classical rhetoric (in particular its scrutiny of ethos, 

pathos, and logos), it has been greatly influenced and 

changed by more recent theorists and theoretical movements. 

Modern rhetoric employs the concepts of the narrative and 

metaphorical nature of language and modern communication 

theory, utilizing, among others, the works of theorists 

such as Ernesto Grassi, I. A. Richards, Kenneth Burke, 

Chaim Perelman, and Stephen Toulmin; the social 

construction of truth or reality, including the works of 

Thomas Kuhn, Earnest Bormann, and Richard Rorty; and modern 

and postmodern critical theory, such as the work of Walter 

Fisher, Jacques Derrida, and Michel Foucault. Recent 

authors of rhetoric of science criticism relevant to this 

study include Susanna Hornig and Jeffrey Talbert’s study of 

                                                           
48 I. A. Richards, as quoted in Connors, Ede, Lunsford, 
Essays on Classical Rhetoric, 8. 
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mass media coverage of biotechnology49 and Celeste Condit’s 

study of the change in the meaning of the gene over time.50  

The series Landmark Essays on Rhetoric of Science publishes 

volumes dedicated to different topics in modern rhetoric.  

This study of the HGP expands upon the tradition by 

examining the arguments used for and against the HGP and 

the rhetorical devices chosen to present the arguments.  

2.3 Narrative and Metaphorical Nature of Language 

 A very early progenitor of the theory that language is 

metaphorical was Giambattista Vico (1668-1744).  In New 

Science,51 he opposed Cartesian thinking, rejecting the view 

that knowledge was reducible to rigid mathematical 

reasoning.  For Vico, language could be used to define 

images to interpret the world (or truth) in different ways. 

His influence stands out in the thinking of twentieth 

century theorist Ernesto Grassi (1902-1991).  Grassi stated 

that we use language to interpret the world for us and to 

connect the world and our experiences.  Metaphor lets us 

                                                           
49 Susanna Hornig and Jeffrey Talbert. (1993, May). “Mass 
media and the ultimate technological fix: Newspaper 
coverage of biotechnology”  CBPE 93-4 (College Station, 
Tx.: Center for Biotechnology Policy and Ethics). 
50 Celeste Michelle Condit. (1999).  The Meanings of the 
Gene: Public Debates About Human Heredity (Madison: Univ. 
Wisconsin Press). 
51 Giambattista Vico, (1984). The New Science of 
Giambattista Vico, 3rd. ed. (Ithaca: Cornell UP). 
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see similarities between two unsimilar things, giving 

insight on many levels.  Metaphoric language is superior to 

rational language because it takes our perceptions of the 

world into account, making historical fact concrete instead 

of abstract.52  Rhetoric is the true philosophy because it 

undertakes questions about the process by which "humans 

know, interpret, and create their world."53  Language is 

more powerful than is logic or rationality.  When we think 

rationally, we draw inferences from already held 

presuppositions,54 but metaphors are the starting point for 

all thought. 

I. A. Richards (1893-1979) defined rhetoric as "a 

study of misunderstanding and its remedies."55  In The 

Philosophy of Rhetoric,56 he emphasized metaphorics not as a 

unique phenomenon but as foundational in how language 

works.  Richards viewed the metaphor not as an added gloss 

or ornament to language but as the most basic means of 

effective communication.   

                                                           
52 Ernesto Grassi, (1987).  "Why rhetoric is philosophy." 
Philosophy and Rhetoric (20): 75. 
53 “Ernesto Grassi on Rhetoric.” April 2, 2001.  Available 
http://bradley.edu/~ell/grasiff.html. 
54 Ernesto Grassi, (1986). "Remarks on German idealism, 
humanism and the philosophical function of rhetoric." 
Philosophy and Rhetoric (20): 125. 
55 I.A. Richards, (1965). Philosophy of Rhetoric, reprint  
(London: Oxford UP).  
56 Ibid. 
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Kenneth Burke (1897-1995) viewed his role as a rhetor 

as a go-between, a translator even if but "English to 

English."  For Burke, rhetoric was "the use of language as 

a symbolic means of inducing cooperation in beings that by 

nature respond to symbols."57  A rhetor persuades an 

audience by close identification with them:  

You persuade a man only insofar as you can  
talk his language by speech, gesture,  
tonality, order, image, attitude, idea, 
identifying your ways with his.58 

 
Burke proposed a "grammar" or set of rules for locating the 

motivations behind speech acts: the Pentad (act, scene, 

agent, agency, purpose).59 (See Figure 2A.) 

For Chaim Perelman (1912-1984), formal logic is 

impersonal, while argumentation is personal.  Argumentation 

involves a rhetor presenting a carefully constructed 

                                                           
57“Introduction to Burke.” April 2, 2001.  Available 
http://bradley.edu/~ell/burke.html. 
58 Ibid. 
59 Kenneth Burke, (1969). A Grammar of Motives (Berkeley: U 
of Ca. Press). 
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___________________________________________________________ 

Figure 2A 
Burke’s Pentad of Speech Acts 
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For Burke, 
  

• “act” is any intended action: mapping a gene or 
testifying before Congress “can be studied in terms of 
the rhetors’ [author’s] motivations.”60   

• “scene” is the place, situation, or time period where 
the action occurs: Congressional testimony took place 
in front of particular committees or subcommittees of 
Congress on particular dates before a particular 
audience.  

• “agent” is the one who performs the speech act: some 
letters to the editor in Science magazine were written 
by medical doctors. 

• “agency” is how the act occurred:  rhetorical 
strategies were agencies for the argumentation over the 
Human Genome Project.   

• “purpose” is the author’s motivation for uttering or 
writing the speech act. 

_________________________________________________________ 
argument aimed at persuading an audience to concur on 

values.  According to Perelman,  
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60 “Kenneth Burke,” April 2, 2001.  Available  
http://www.lcc.gatech.edu/gallery/rhetoric/figures/burke.ht



the presentation of data is necessarily  
connected with problems of language.  Choice  
of terms to express the speaker’s thought is 
rarely without significance in the 
argumentation.61 

 
Stephen Toulmin62 stated that formal argument, based on 

mathematics, is but one specialized form of argumentation, 

not appropriate to all fields. For Toulmin, nature has no 

language of its own: nature becomes known to us through our 

use of language. Conceptual change is not revolutionary but 

evolutionary: surviving competing ideas replace or revise 

earlier theories.  The old ideas are not so much proven 

invalid as they are improved.  The metaphoric nature of 

language is a concept central to this study as will be seen 

in Chapters 5 and 6. 

2.4 Social and Rhetorical Construction of Truth 

In this study I also follow the constructivist 

principles where the production of knowledge is mediated by 

the social.  This model assumes science is the same as any 

other human social activity: it should not be privileged 

and should be held to the same socio-cultural scrutiny into 

                                                                                                                                                                             
ml. 

61 Chaim Perelman & L. Olbrechts-Tyteca. (1969). The New 
Rhetoric: A Treatise on Argumentation (Notre Dame, Ind.: U 
Notre Dame Press), 149. 
62 Stephen E. Toulmin, (1958).  The Uses of Argument (New 
York: Cambridge UP). 
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the production of knowledge as any other activity. Often 

this is interpreted to mean that those who study the 

rhetoric of science are total relativists.  It is important 

to realize that modern rhetoric does not necessarily impugn 

the idea of an external reality. A modern rhetorician of 

science does not automatically assume that there is no 

reality except that created by language.  While there are 

degrees of belief or disbelief as to whether or not there 

is a fixed, "out-there" truth that is separate from 

humanity, the main claim binding modern rhetoricians 

together is that the act of stating observations and 

results of experiments greatly influences what form a 

consensus (both scientific and public) on “truth” actually 

takes.  According to Alan G. Gross,  

I remain committed to the view that rhetoric  
has a crucial epistemic role in science, that 
science is constituted through interactions  
that are essentially rhetorical.63  

 
In fact, many rhetorical theorists decry relativism as 

leading to a decline in rhetorical skills.64 

In The Structure of Scientific Revolutions,65 Thomas 

Kuhn (1922-1996) theorized that what constituted scientific 

                                                           
63 Alan G. Gross, (1996).  The Rhetoric of Science 
(Cambridge, Ma.: Harvard UP), x. 
64 Richard M. Weaver, (1953). Ethics of Rhetoric. (Chicago: 
H. Regnerey). 
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knowledge changed (not necessarily progressed) as more and 

more anomalies appeared that could not be explained by a 

status quo theory.  Tension mounted to explain away an 

ever-growing awareness of anomalies. Unlike Toulmin, Kuhn 

held that conceptual change was revolutionary, not 

evolutionary.  The tension from unexplained anomalies was 

relieved only with the arrival of a conflicting theory that 

was able to cover both anomalies and perceived truth.  The 

new, "revolutionary" theory did not merely add to the old: 

it supplanted it.  (What is accepted or perceived as truth 

at any one time is not ever stable.) 

For Earnest Bormann, knowledge is gained or perceived 

only through communication.  When a person speaks to 

another, his/her words are first filtered through the 

listener's perceptions and past experiences so that the 

listener can make connections to previous narratives and 

metaphorically "interpret" the meaning of the words 

uttered.  (See Figure 2B.)  Symbolic (rhetorical)  

  

 

                                                                                                                                                                             
65 Thomas S. Kuhn, (1997). The Structure of Scientific 
Revolutions, 2nd ed.  (Chicago: U Chicago Press). 
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Figure 2B 
Bormann’s Rhetorical Triangle 
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The above figure is adapted from Bormann’s rhetorical 
triangle theory.66  In this case, the speaker voices the 
term “map.”  The listener hears the word, but does not 
comprehend it directly.  The word is filtered through the 
listeners’ previous experiences with and perceptions of 
maps.  Only then does the listener comprehend his/her 
interpretation of the word that the speaker has uttered.  
Both are referring to maps, but the perception of what 
“map” means can be different for both. 
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66 Em Griffin. (1977).  A First Look at Communication 
Theory, 3rd ed. (New York: McGraw-Hill Co., Inc.), 32-47. 



 
convergence occurs when a group agrees upon a “fantasy” or  

myth, interpreting it in the same manner, to share a  

“rhetorical vision.”67 

Richard Rorty, author of Philosophy and the Mirror of 

Nature68 looks at irreconcilable differences in the 

definition of truth by scientists and non-scientists. 

He emphasizes the role of social consensus in the 

construction of what comes to be accepted as "truth."  For 

Charles Bazerman, consensus in the scientific community 

also determines scientific truth.  As that truth is 

translated to the public where there is a controversy or 

lack of consensus within the scientific arena, then the 

persuasive power of the arguments of that translation 

become extremely important.  In this study I examine the 

contradictory arguments for and against the HGP 

(demonstrating a lack of consensus within science): such a 

rhetorical study can help sort out which arguments were 

more persuasive than others and why. 

2.5 Critical Theories 

Walter R. Fisher discusses the importance of narrative 

paradigms in constructing knowledge, proposing Homo narrans 

                                                           
67 Ibid, 34. 
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as "a fitting metaphor that represents ‘the essential 

nature of human beings.’"69  As humans we can tell stories, 

and because we can tell stories, we are human. 

To Jacques Derrida, "language makes possible 

consciousness and reality.”70 All language is metaphorical 

because words are objects substituted for the ideas and 

objects spoken about.  "Truth" or "reality" is constructed 

through the way the speaker or author "collaborates with" 

the concepts of the listeners or audience.  But although 

Derrida states "I am in favor of the most rigorous and most 

generous attention given to rhetoric,"71 he argues against 

"rhetoricism: a way of giving rhetoric all the power, [of] 

thinking that everything depends on rhetoric simply [my 

emphasis] as a technique of speech."72  In this study I 

examine the influence of rhetorical arguments and devices 

and make no claim of rhetoric as a sole causative agent. 

For Michel Foucault (1926-1984), all knowledge is 

epistemological.  Knowledge within a certain culture is 

                                                                                                                                                                             
68 Richard Rorty, (1979). Philosophy and the Mirror of 
Nature (Princeton, N.J.: Princeton UP). 

69 Walter Fisher. (1987). Human Communication as Narration: 
Toward a Philosophy of Reason, Value, and Action (Columbia: 
U South Carolina Press). 
70 Covino and Jolliffe,  Rhetoric, 49. 
71 Gary A. Olson, "Jacques Derrida on  
Rhetoric and Composition: A Conversation," IN Covino & 
Jolliffe, Rhetoric, 561. 
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structured by its particular language practices.  Study 

(archaeology) of symbols show they come to have a common 

meaning among members of a certain rhetorical communities.  

But humanity is made up of diverse populations--different 

rhetorical communities.  Study of rules of discursive 

actions (genealogy) uncover (deconstruct) governing power 

relationships73 underlying a system of knowledge within a 

particular discursive community.  (This is directly related 

to feminist rhetorical theory that posits the differences 

between gendered rhetorical speech acts.)74 

2.6 Modern Rhetoric of Science and Science Policy 

In The Rhetoric of Science, Alan G. Gross describes the 

"myth" of scientific objectivity, stating that 

scientific reports are the product of verbal 
choices designed to capitalize on the 
attractiveness of an enterprise that embodies  
a convenient myth, a myth in which, apparently, 
reason has subjugated the passions.75 

 

                                                                                                                                                                             
72 Ibid, 545-567. 
73 All individuals in a culture are subject to rules, 
including rules for what knowledge can and cannot be 
shared, who is qualified to speak or write, what is a 
viable form of discourse, what theories and concepts must 
be accepted as knowledge. 
74 For further discussion of Feminist Rhetorical Theory, see 
the works of  Susanne K. Langer, Sonja and Karen Foss, 
Kathleen Hall Jamieson, and Karlyn Kohrs Campbell. 
75 Gross, Rhetoric of Science, 15. 
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In the early history of science, the "paradoxical promise"76 

was that science would produce the greatest benefits for 

society if it were "insulated" from social concerns.  But 

modern science uses its “exceptional prestige” (its ethos) 

as a political tool to advance its own special interests, 

sometimes even “at the expense of the general interest.”77 

 U.S. federal science policy is set by Congressional 

appropriation of funds to support certain scientific 

programs.  Scientists can influence but do not determine 

these decisions.  By necessity, the rhetoric of science 

intersects the rhetoric of the political.  Insights from 

the rhetorical examination of the discovery of scientific 

truth and the translation of that truth to the political 

arena can be applied to the setting of scientific policy on 

a national level.   

 Rhetoric of science policy is an offshoot of modern 

rhetoric of science.  In his “Rhetoric of Environmental 

Policy,” 78 Craig Waddell claims that despite its popularity 

and high sales volume, Paul Ehrlich’s The Population Bomb 

failed to influence world population dynamics because of 

faulty rhetoric.  Waddell’s goal is not to single out 

                                                           
76 Ibid. 
77 Ibid. 
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Ehrlich as a bad communicator.  In fact, Waddell holds a 

great deal of respect for Ehrlich as one of few scientists 

who have stepped out of the scientific arena to address 

public policy.  But Waddell contends that The Population 

Bomb could have been more influential if Ehrlich was more 

aware of and attentive to persuasive strategies, and 

Waddell states that science can “inform our policy 

decisions but never determines them”79 because policy 

decisions are inherently political.  He calls for a new 

breed of scientists who are “sophisticated in both 

scientific and humanistic disciplines,”80 scientists who are 

aware of “the malleability of [any] rhetorical situation”81 

and who can reflexively apply rhetorical principles to 

communicate scientific ideas to the public so that, 

particularly in urgent policy matters,  

members of a diverse community may not be  
able to agree on the reasons for taking  
action, but they might at least be able to  
agree that a given action should be taken.”82 
 

Alan Gross has also argued that modern rhetoric of science 

policy needs to be concerned with moving classical rhetoric 

                                                                                                                                                                             
78 Craig Waddell. (1994).  “Rhetoric of environmental 
policy: From critical practice to the social construction 
of theory.” Social Epistemology 8(3): 289-310. 
79 Ibid, 299. 
80 Ibid 
81 Ibid, 292. 
82 Ibid, 304. 
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from a pedagogical theory (teaching young Athenians and 

Romans to speak effectively) to “cultural criticism that 

takes modernism and post-modernism into account.”83  In 

Rhetoric of Science, Gross explores the rhetoric of the 

recombinant DNA controversy, illustrating 

the fundamental involvement of science in  
issues of public policy, and of the deep 
commitment of scientists to a particular social 
ideology. . . . The objectivity of scientific 
prose is a carefully crafted rhetorical 
invention, a nonrational appeal to the authority 
of reason.84 

 
In "Is Rhetoric of Science Policy Possible,"85 Gross calls 

for a detailed look at this authority of science and its 

use in setting public scientific policy. He calls for 

carefully study of the  

empirical or historical evidence of causality.  
Social and political forces and their embedded 
rhetorical performances must be shaped into 
causal stories.86 

My study is aligned with both Waddell’s and Gross’ 

contentions.  By examining the texts available to the 

ultimate audience (members of Congress), I demonstrate that 

persuasion is more effective if it takes advantage (whether  

 

                                                           
83 Gross, (1994).  “Is rhetoric of science policy possible?” 
Social Epistemology 8(3): 279. 
84 Gross, Rhetoric of Science, 16. 
85 Ibid. 
86 Ibid, 278. 
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consciously or unconsciously) of these findings of critical 

theories of language. 

Many modern rhetorical analyses of science “texts” 

have tended to be detailed quantitative reviews of primary 

materials of limited length or qualitative reviews of 

sweeping breadth.  For example,  M. Halloran’s “The Birth 

of Molecular Biology: An Essay in the Rhetorical Criticism 

of Scientific Discourse”87 discusses the less than 800 word 

original Watson and Crick article on the structure of DNA.  

An example of a qualitative review of sweeping breadth is 

Charles Bazerman’s Shaping Written Knowledge: The Genre and 

Activity of the Experimental Article in Science88 in which 

he examines hundreds of scientific articles that were 

written over a period of more than a century.  My study of 

the HGP stands in between.  A detailed quantitative content 

analysis with selected primary sources was conducted to 

acquire data to ground and strengthen a qualitative modern 

rhetoric of science policy content analysis of the primary 

materials related to the formation of the HGP. 

 Modern rhetoric of science policy, while using some of 

the topics of classical rhetoric (such as ethos, pathos, 

                                                           
87 S. Michael Halloran. (1997).  “The birth of molecular 
biology: An essay in the rhetorical criticism of scientific 
discourse.” IN Harris, Landmark Essays, 39-50. 
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logos), adds the depth of study of influences and causes 

(through the use of narrative, metaphor, word choice) to 

discover which arguments are translated into national 

science policy and why some arguments are more influential 

than others.  It examines what constitutes effective 

presentation of scientific findings to the non-

scientifically trained public and which controversial 

science theories are accepted by the public and which are 

not.  It analyses what devices (such as use of metaphors, 

narratives, selective word choices) are utilized, whether 

consciously or unconsciously, in the presentation of the 

effective arguments.   

The formation of public policy concerning the HGP is a 

rich case study for such analysis.  The HGP was established 

over the competitive claims of other big science projects.   

In this study I examined how the arguments and rhetorical 

devices used for and against the program helped shape the 

structure the project assumed at its official formation at 

the start of FY1991.

                                                                                                                                                                             
88 Bazerman, Shaping Written Knowledge. 
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CHAPTER THREE: 
METHODOLOGY 

 
The analysis of content is a central topic 
in all of the sciences dealing with man.  
. . . . Rightly viewed, content analysis 
is a core problem in the study of man, and 
to work at solving it could alter the 
social and behavioral sciences in 
fundamental ways.89 
 

 My study starts in 1986 with the first governmental 

meetings arguing for the creation of a single federal, 

interagency program to sequence and/or map the human 

genome.  It concludes in December, 1991, one year following 

achievement of formal federal funding for the project under 

the directorship of James Watson.90  (The time added after 

the start of formal federal funding allows for publication 

delays of material actually written prior to the start of 

the project and reflects the argumentation that continued 

on even after the formation of the project.)   

I developed this project to identify what arguments 

and rhetorical devices were used to argue for or against 

the establishment of the HGP as a part of U.S. scientific 

policy, as a separate program with its own line-item 

                                                           
89 David Hays. (1969).  "Linguistic foundations for a theory 
of content analysis," IN G. Gerbner, et al. (eds.), The 
Analysis of Communication Content: Developments in 
Scientific Theories and Computer Techniques (New York: 
Wiley), 1, 21. 
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budget. (Operationally, an argument is a discrete unit of 

persuasion presented to sway an audience to the 

author’s/speaker’s viewpoint.  For example, one argument 

frequently presented was “The HGP will lead to advances in 

AIDS and cancer research.”  A rhetorical device is the 

format used to most efficaciously present the argument. The 

devices studied here are narrative, metaphorical language, 

and deliberate word choice.) 

I then used analyses of these arguments and devices to 

test my primary hypothesis (that the argumentation and 

rhetorical devices used to further those arguments had a 

major influence on the shape the HGP took in 1991).  I also 

use analyses to answer the specific research questions as 

delineated in Chapter 1.  

3.1 Rhetorical Content Analyses 

In rhetorical content analyses, traditional 

methodology utilizes analysis of rhetorical devices by 

either quantitative or qualitative methods.  In this study, 

I applied both methods to most efficiently answer the 

research questions.  Modern rhetorical analysis is a 

variant of content or narrative analysis, where the major 

emphasis is on the rhetorical or argumentative devices 

                                                                                                                                                                             
90 Watson resigned as director the year following the end of 
this study period for reasons not related to the content or 
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utilized by a speaker, whether consciously or 

unconsciously, to influence the attitudes and or actions of 

a targeted audience. For example, work has been done 

studying the rhetorical devices of science writing to 

demonstrate that all science is greatly influenced by 

rhetorical considerations.  This work is "the study of how 

scientists persuade and dissuade each other and the rest of 

us about nature."91 As shown in rhetoric of science studies, 

scientists use persuasive devices to enlist other 

scientists to reach consensus on what constitutes 

scientific knowledge; these dialogues take place within the 

scientific community.   

In rhetorical analyses of public policy, however, 

rhetoricians study how scientists use devices to persuade 

the public of the validity (or lack thereof) and importance 

of scientific findings with the goal of achieving funding 

to become part of the nation’s science policy. The rhetoric 

I study in this research is not argumentation among 

scientists but persuasive rhetoric employed in the 

transmittal (and transformation) of information from the 

scientific arena to the public. The target audience for 

this study consists of members of Congress debating whether 

                                                                                                                                                                             
scope of my study. 
91Harris, Landmark Essays, xii. 
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or not to fund the HGP.  Since the primary audience is 

members of Congress, the primary sources I examined are 

documents from federal agencies, recorded testimony before 

Congressional committees, and non-refereed articles and 

letters to the editors in published scientific journals and 

popular press articles likely to come to the attention of 

Congress (or their aides) and to have had an influence on 

Congressional voting. 

Of course one problem endemic to such rhetorical 

studies is lack of documentation of material that could be 

highly influential in policy decisions: informal 

conversations, phone calls, email, etc.92  To rectify this 

situation as much as possible, I conducted a few select 

interviews with some of those involved in arguing the HGP 

before Congress and in scientific and political arenas.  

Particularly helpful was Dr. Robert Cook-Deegan, who 

conducted research on the HGP for the Office of Technology 

Assessment (OTA), edited Mapping Our Genes: Genome 

Projects: How Big, How Fast?, and wrote Gene Wars, a 

history of these controversies.  I also perused transcribed 

notes from interviews for his book and interviews presented 

in works by other historians of biology. 

                                                           
92 Cook-Deegan, personal communication, September 23, 1998. 
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3.2  Construction of the Database 

 My first step in this research was to assess the 

material available on the topic and to set the time 

parameters for the content analyses to follow. Eye-witness 

accounts of the formation of the HGP93 placed the first 

public mention of a federal project to map and sequence the 

human genome in the year 1983 and the official  

establishment of the HGP as a federal program with its own 

line-item budget in October 1990, with the appointment of 

James Watson to head the interagency program. 

I then conducted a sweeping literature search for the 

period of January 1983 to December 1992.94 This electronic 

search encompassed over 100 major databases, looking for 

any discussion of a federal program to study the human 

genome.  Results from this search were supplemented with 

documents listed in citations from histories written about 

the subject95 and through the research strategy of 

                                                           
93 Kevles and Hood, Code of Codes; Cook-Deegan, Gene Wars.  
94 Key words and phrases included: “human genome project,” 
“human genome initiative,” “human genome,” “sequencing,” 
“James Watson,” “metaphor,” “rhetoric of science.” 
95 

• Kevles and Hood, Code of Codes.  
• Cook-Deegan, Gene Wars. 
• Kevin Davies. (2001).  Cracking the Genome: Inside the 

Race to Unlock Human DNA: Craig Venter, Francis Collins, 
James Watson, and the Story of the Greatest Scientific 
Discovery of Our Time (New York: The Free Press). 
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"snowball" accumulation of documents mentioned in the 

citations of the articles, letters to the editor, and books 

found through the first electronic search.  This process 

yielded a massive list of over 5,000 titles.  My 

preliminary analysis of the number of articles appearing in 

one source, Science magazine, illustrated that very little 

was published on the topic until the year 1986, when the 

HGP began to be more publicly discussed.  Few articles 

appropriate for this study appeared after December 1991, 

one year after the establishment of the Human Genome 

Program. Therefore I set the time frame for primary 

materials at the six years of 1986-1991. 

 Next, I chose the specific sources to analyze in a 

formal content analysis.  A source was considered primary 

if: 

                                                                                                                                                                             
• Lily E. Kay. (2000).  Who Wrote the Book of Life: A 

History of the Genetic Code (Stanford: Stanford UP). 
• Douglas Vaughan, (ed.). (July 1996).  To Know Ourselves: 

The U.S. Department of Energy and the Human Genome 
Project PUB-773 (Berkeley: Lawrence Berkeley National 
Laboratory). 

• Walter Bodmer and Robin McKie (1994).  The Book of Man: 
The Human Genome Project and the Quest to Discover Our 
Genetic Heritage (New York: (Oxford UP). 

• Tom Wilkie. (1993).  Perilous Knowledge: The Human 
Genome Project and Its Implications (London: Faber and 
Faber). 

• Edward Smith and Walter Sapp, (eds.). (1997).  Plain 
Talk About the Human Genome Project: A Tuskegee 
University Conference on Its Promise and Perils . . . 
And Matters of Race (Tuskegee, Al.: Tuskegee U). 
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a) it was quoted from or referred to in Congress in the 

process of the budgetary debates, or  

b) it carried articles obviously intended to be 

influential in the debate, or  

c) it was mentioned as being important by one of the 

major actors96 in the debate. 

Using these criteria, I identified the following types of 

materials: 

a) articles and letters to the editor from major U.S. 

magazines, journals, and newspapers;  

b) books and book chapters;  

c) federal agency newsletters and information sheets; and 

d) numerous other sources, such as testimony before 

Congress, internal agency communications (memos and 

letters), and governmental white and blue papers. 

                                                           
96  The word “actor” here is used as in the actor-network 
approach delineated by: 

• Michel Callon. (1986).  “The sociology of an actor-
network: The case of the electric vehicle.”  In Michel 
Callon, John Law, and Arie Rip (eds.), Mapping the 
Dynamics of Science and Technology  (Basingstoke, U.K.: 
Macmillan), 19-34.   

• John Law, (1986).  Power, Action and Belief: A New 
Sociology of Knowledge?  (London: Routledge & Kegan 
Paul).   

• Bruno Latour (1987).  Science in Action: How to Follow 
Scientists and Engineers Through Society  (Cambridge, 
MA: Harvard UP).   

The “actor” under consideration does not have to be an 
individual or even be human.  Individual Congressmen or 
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This still formed an unwieldy pool of information for 

what could be used in only a superficial quantitative 

content analysis.  After an informal interview with Dr. 

Robert Cook-Deegan, one of the major actors in the debate 

on the formation of the HGP;97 with Ellen Gadbois, science 

aide to Sen. Edward Kennedy,98 and with dissertation 

committee members, I narrowed down the sources selected for 

analysis to the 216 items summarized in Figure 3A.  A 

primary source bibliography can be found in Appendix 3-1.  

Although oral contacts are always influential in any 

debate, very little other than after-the-fact-personal 

reminiscences remain99 in the record except for the 

transcripts of testimony before Congress, and I added these 

transcripts to the pool of primary sources, along with any 

appropriate written material that was included in the 

                                                                                                                                                                             
scientists could be considered actors as could the concept 
of the HGP or even the metaphor for mapping. 
97 Robert Cook-Deegan chaired the OTA’s book-length report 
to Congress, Mapping Our Genes.  He is also author of Gene 
Wars. 
98 Senator Edward Kennedy was a major supporter of the 
formation of the HGP in the U.S. Senate. 
99 In a personal communication dated September 23, 1998, 
Robert Cook-Deegan states, "You can't really find the key 
documents that were influential in this process in the 
popular press or archives, since it's a deliberately 
confidential process and has to be so.  And it's very 
largely based on phone discussions punctuated perhaps by a 
meeting or two, much more than external factors.  There was 
much sturm and drang in the scientific community, and the 
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Congressional Record by either those giving testimony 

before Congress or by members of Congress involved in 

federal budget discussions. 

___________________________________________________________ 
 

Figure 3A 
 Database Primary Sources 

 
Newspapers: 

The Washington Post   43 articles 
The Boston Globe      13 articles 
The New York Times    16 articles 
 

Scientific journals and magazines: 
Science        104 articles and letters 

 The Journal of the American Medical Association      
   7 articles 

Chemical and Engineering News      
                      11 articles 

Books and pamphlets: 
Mapping Our Genes: Genome Projects: How Big, How Fast? 
(OTA)  

   8 chapters 
Mapping and Sequencing the Human Genome  (NRC)  

   8 chapters 
DoE & NIH pamphlets,        1 each 
 
Transcripts of Congressional hearings  

                       4 separate hearings 
 
___________________________________________________________ 
 

     After a preliminary analysis of articles in Science, I 

set the format categories for the database for the content 

analyses after consultation with Dr. Peggy de Wolf, 

Virginia Tech Department of Sociology. (See Figure 3B for 
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staff were certainly aware of that, but very little of it 
filters into the appropriations process." 



an illustration of all database column headings.)  The 

categories I included were: 

a) an identification for each item; 

b) the date of publication/presentation (month and year);  

c) the speaker/author of the material; 

d) the intended "audience" for the material;   

e) the major pro or con argument for the HGP presented;100  

f) the rhetorical device used to present the 

argument(s).101  

Another rhetorical device I identified, the confidence 

to be placed in the speaker or publication source, was 

                                                           
100  From the preliminary analysis of articles in Science, 
the major arguments presented were arguments of medical, 
social, and scientific benefits and risks and arguments 
concerning the effect of the HGP on biological research 
(big and little science and basic and applied research 
arguments).  I also added a category for “other” arguments 
which were presented with a lesser frequency but which 
still had a demonstrable effect on deliberations within 
Congress. 
101 Also from the preliminary analysis in Science, 
utilization of the devices of narrative, metaphor, and 
selective word choice far outnumbered other device 
categories.  This category also presented many problems:  
at times, single arguments could be presented with more 
than one device.  For example, an argument could tell a 
story (narrative) using deliberate word choices to heighten 
the impact of the argument.  Each case had to be considered 
separately: if the argument in question relied more heavily 
on one device than the other(s), then it was coded as that 
device.  In the few cases where this could not be 
determined, the argument was double-entered in the database 
as two separate arguments.  In cases where several word 
choices were used to heighten the impact of one particular 
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determined from analysis of the source of the publication 

or presentation and the particular speaker or writer of the 

arguments. In addition, five columns were added to rank 

"credibility," that is, the level of credibility a lay (not 

scientific) audience could invest in the source of each 

argument presented.  This was a very problematical 

category.  It is hard to judge the influence or relative 

impact of a specific argument:  testimony before Congress 

would, of course, be important for its impact on the 

members of the subcommittee who were present, but 

problematic when considering the voting actions of Congress 

as a whole.  An argument presented by a member of the same 

political party might be more influential than one 

presented by an opposition member.  A long article by a 

science writer might have less influence than one sentence 

penned by a Nobel laureate.  Similar to other content 

analyses scaled measurements,102 for the purposes of this 

research, I judged the credibility ranking on the following 

factors: 

                                                                                                                                                                             
argument, the argument was entered only once as using 
selective word choice. 
102 An example of other content analyses scaled measurements 
is Marcel C. LaFollette’s 1990 Making Science Our Own: 
Public Images of Science 1910-1955 (Chicago: U Chicago 
Press). 
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• the length of article/book where the argument was found 

(operationalized as number of pages), 

• the source of the argument (operationalized in an 

ordinal scale by strength of scientific orientation of 

the documents), and 

• the speaker or author (operationalized in an ordinal 

scale, ranked by order of expertise of speaker or 

author). 

A last column for credibility summed the three columns 

above to determine a relative credibility scale from least 

credibility to most credibility points.  Figure 3C shows 

details of the sliding scale used to determine the values 

for the credibility columns.  (After analysis, this 

credibility scale did tie in well with the apparent 

influence of certain arguments.  See Chapter 6 for a 

further discussion of results.) 
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___________________________________________________________ 
 

Figure 3B 
Database Column Headings 

___________________________________________________________ 

Column A  Identification # 

Column B  Month and Year of Publication or 

Presentation 

Column C  Speaker or Author  

Column D  Intended or Primary Audience 

Column E  Major Pro or Con Argument Presented 

Column F  Rhetorical Strategy Utilized 

Column G  Notes for Narrative Devices 

Column H  Notes for Metaphorical Devices 

Column I  Notes for Word Choice Devices 

Column J  Overall Valence for Entire Publication or  
Presentation 
 

Column K  Length of Publication or Presentation 
(Scaled 

Value) 
 

Column L  Source of Publication or Presentation  
Presentation (Scaled Value) 
 

Column M  Speaker or Author Presentation (Scaled 
Value) 
 
Column N  Sum of Scaled Values for Columns K, L, and M 
 
___________________________________________________________
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___________________________________________________________ 
 

Figure 3C 
Scale for Values of Credibility 

___________________________________________________________ 
 

  
Length: 

 
    1 = 1 or fewer pages 
    2 = 1+ to 5 pages 
    3 = 5 to 10 pages 
    4 = 10+ pages to 15 pages 
    5 = book chapter 
 
 
 Source: 
 
    1 = lay publication 
    2 = political publication 
    3 = medical publication 
    4 = scientific magazine/journal 

--not peer reviewed, article or  
letter 

    5 = scientific magazine/journal 
--peer reviewed article 

 
 
Author/Speaker: 
 
   1 = lay (letter to editor) 

    2 = lay (i.e., newspaper) professional  
writer/reporter 

   3 = informed politician 
   4 = science writer/medical doctor/ 

science businessman/ 
science patent lawyer/ 
science ethicist 

   5 = scientist (in relevant field) 
________________________________________________________ 
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For research reference purposes only, I added three 

more columns for my own notes on the wording of metaphoric, 

narrative, or word choice devices used in a particular 

argument.  

After I determined the database structure, I coded and 

entered into the database all arguments within all primary 

sources and within the date parameters (1986-1991).  The 

entire completed database includes 7562 lines of data (7562 

separate arguments) arranged in 14 columns.  See Appendix 

3-2 for an example of a completed coding sheet. 

3.3 Coding Validation 

     In a check for validity, I had over five percent of 

the primary sources, chosen randomly from primary source 

types (i.e., articles, reports, testimony) separately coded 

by another researcher103 to attempt to reveal and eliminate 

any mistakes or biases on my part.  This independent coding 

of the primary sources included: 

• all primary source articles from The New York Times, 

• two chapters from Mapping Our Genes: Genome Projects: 

How Big, How Fast?, and 

• all testimonies from one hearing before the Subcommittee 

on International Scientific Cooperation of the Committee 
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on Science, Space, and Technology, U.S. House of 

Representatives (101st Congress, First Session, October 

19, 1989). 

Only three columns in the database held the potential for 

different code entries by different researchers: 

• column E: the argument presented, 

• column G: the rhetorical strategy used, and 

• column J: the overall valence of the source coded. 

Before she saw the database resulting from the first 

coding, I instructed the second coder in how to look for 

separate arguments in each piece of primary material 

(article or chapter or testimony) and to code for each 

argument the type of argument presented, the strategy 

used,104 and the overall valence of the article or chapter 

or testimony itself. 

After consultation with Dr. Robert Foutz, Virginia 

Tech Statistical Counseling Center, and Dr. Peggy de Wolf, 

Virginia Tech Department of Sociology, I compared my 

responses for every possible coding combination (72) with 

those of the independent coder for the degree of 

association. I computed the coefficient of correlation for 

                                                                                                                                                                             
103 Jane Lehr, Ph.D. student, Science and Technology 
Studies, Virginia Tech, Blacksburg, Virginia.  
104 This independent researcher, Jane Lehr, was also 
instructed in how to judge rhetorical devices. 
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72 pairs of observations (the results from the two coders).  

This resulted in a strong positive correlation (r = 

.834522, p = < .001).105 This correlation suggests a high 

inter-coder reliability and that the coding strategy used 

for this study can be transferred between researchers with 

a high degree of reliability. 

3.4 Database Analyses 

My next step was to compare and contrast the data to 

answer the basic research questions (stated in bold below) 

in the following ways: 

• What arguments the first proponents and opponents of a 

federally-funded HGP used.  For example, in 1986 were 

the pro and con arguments about big or little science an 

established on-going debate within the scientific arena, 

or did this type of argument surface later during this 

selected time period? 

Using the 1986 database for all sources, I compared the 

occurrences of arguments and rhetorical devices by authors  

                                                           
105 The correlation coefficient was computed from n = 72 
data pairs (x1, y1) as r = Sxy / (Sxx Syy)1/2  [R. E. Walpole, 
and R. H. Myers. (1989).  Probability and Statistics for 
Engineers and Scientists 4th ed. (New York: MacMillan), 
393].  The significance for this correlation from this 
number of variables (72) was acquired from  E. S. Pearson, 
and H. O. Hartley, (eds.). (1966). Biometrika Tables for 
Statisticians, Vol. I, 3rd ed. (Cambridge: Cambridge UP), 
146. 
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and place of publication.  I then compared these data with 

recorded histories of genome projects. 

• How the major argument "threads" were deployed from 1986 

through 1991.   For example, were risk/benefit arguments 

made at a steady rate throughout the period, or did 

these practical, immediate arguments escalate during the 

HGP budget debates?   

I compared the data from the complete database with 

arguments by date and by targeted audience.  Then I 

compared the data with a timeline for establishment of the 

HGP. (See Appendix 1-1 for the timeline.) 

• What changes occurred in the proposed structure  of the 

HGP which can be closely identified with particular 

changes in argumentation.  For example, was metaphoric 

language used most prominently during any particular 

time segment considered?  If so, can this usage be tied 

to any particular events in the HGP establishment 

timetable?  

I compared the data from the complete database with 

argumentative devices by date and target audience.  Then I 

compared the data with a HGP timeline and with recorded 

histories of discussion of genome projects prior to 1986. 
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• How the frequency or focus or range of the arguments 

narrow or expand over time.  For example, did 

risk/benefit arguments use more varied examples during 

the time when the arguments heated up in Congress?  Were 

there any striking differences when the starting year 

for analysis of this study (1986) was compared to the 

ending year (1991)?  

I used the complete database to compare arguments and 

devices by date and target audience.  I then compared this 

information with the timeline. 

• Which of these arguments appeared to have been the most 

persistent over time and in which circumstances.  What 

arguments/devices appeared with regularity, and what 

seemed to disappear after one or two uses?  For example, 

did the famous "Book of Man" metaphor appear throughout 

this time period?  Did any new arguments appear partway 

through the timeframe? What particular metaphors, 

narratives, word choices appeared the most often?  

I compared argument devices by date with the complete 

database.  I then compared argument devices with the 

timeline and with recorded histories of discussion of 

genome projects prior to 1986.  

       

 

 69



3.5 Interviews 

I conducted several layers of interviews of "major 

players" in the formation of the HGP throughout the 

research process: 

a) Informal interviews were conducted at the beginning 

of the research process, primarily with Dr. Robert Cook-

Deegan, author of Gene Wars, and with Dr. Ellen Gadbois, 

science aide to Sen. Edward Kennedy, to get direction as to 

the major sources available to the audience selected for 

this study (members of Congress and their staffs). 

b) I then conducted more formal interviews106 near the 

time of completion of the database to ascertain if there 

were major differences between current hindsight 

recollections as compared to statements made in the primary 

sources. I also used these interviews to cross check the 

validity of the choices of primary sources, results from 

the constructed database, and the implications presented by 

the research-motivated manipulation of the database. I 

conducted these five interviews107 by e-mail after receiving 

                                                           
106 The set of questions for these interviews received 
Virginia Tech Institutional Review Board approval, 
September, 1999. 
107 More formal interviews were conducted with:  

• Dr. Daniel J. Kevles, co-editor with Leroy Hood, The 
Code of Codes;  

• Dr. Robert Cook-Deegan, author of Gene Wars;  
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telephone confirmation of willingness to be interviewed.  

This electronic format allowed the interviewee more time to 

consider questions than would be possible in a face-to-face 

or taped phone conversation.  A complete list of the 

questions asked in these interviews can be seen in Appendix 

3-3, and where appropriate, the results are referred to in 

Chapters 4 and 5. 

 c) Since the time during a presidential impeachment 

and before a presidential election is not optimum for the 

granting of interviews by members of Congress, I also 

utilized interview notes and transcriptions by other 

researchers, in particular the extensive interview notes of 

Dr. Robert Cook-Deegan used in preparation of his book Gene 

Wars,108 and by Dr. Michael Fortun as presented in his 1993 

dissertation, Mapping and Making Genes and Histories: The 

                                                                                                                                                                             
• Dr. Martin Rechsteiner, leader of late letter-writing 

opposition to the HGP;  
• Rep. Ralph M. Hall, chair of one of the Congressional 

subcommittee hearings concerning the HGP.  
In addition, Dr. Ellen Gadbois (Ph.D. microbiology, 
American Society of Microbiology science aide to Sen. 
Edward Kennedy) partially answered a set of questions in 
behalf of Sen. Kennedy. 
108 Cook-Deegan, Gene Wars.  The research repository for 
Cook-Deegan’s Gene Wars is located in the Kennedy Institute 
of Ethics Library, Georgetown University, accessed November 
23-25, 1998. 
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Genomics Project in the United States, 1980-1990.109  (A 

complete list of Cook-Deegan’s interview notes and the 

interviews presented in Fortun’s dissertation used for this 

study are shown in Appendix 3-4.)  I used information 

gained from these secondary sources to corroborate or 

refute conclusions reached solely from analyses of the 

database.  Also, I systematically compared all conclusions 

with "eye-witness" histories of the project.  I did this 

chronologically, by month and year. 

In the complete database for the six years considered, 

I recorded a total of 7562 arguments, 5175 in favor of 

establishment of the HGP and 2387 opposed.  Chapter 4 

discusses the arguments made for and against establishment 

of the HGP.  Chapter 5 discusses the rhetorical devices 

used to further these arguments, tying this study to modern 

rhetorical content analyses studies. (Also see Chapter 2).  

In Chapters 5 and 6 I address the underlying hypothesis for 

the study and the research questions in relation to results 

from analyses of the study’s database.

                                                           
109 Michael Anthony Fortun. (1993). Mapping and Making Genes 
and Histories: The Genomics Project in the United States, 
1980-1990.  Dissertation, Harvard U, Cambridge, Mass., May.  
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CHAPTER FOUR: 
ARGUMENTATION FOR AND AGAINST THE HUMAN GENOME PROJECT 

 
… science, like all persuasive discourse,  
must convince us of the truth of its claims.110 
 
 

 As seen in Chapter Three, a preliminary study 

identified the main categories of arguments made for or 

against the establishment of the HGP as: 

• the medical, social, and scientific benefits (coded as 

mss+) or risks (mss-) of the project (i.e., the project 

would lead to medical breakthroughs or the project would 

lead to invasions of privacy for a patient);  

• the potential influence of the project on the ongoing 

big/little science efficacy debates (favorable arguments 

coded as b/l+, negative as b/l-), (i.e., such a big 

science project would be run more efficiently or such a 

project would ruin current biology funding practices); 

and  

• the potential influence of the project on the structure 

of established scientific practice of applied and basic 

research (positive arguments coded as a/b+, negative as 

a/b-), (i.e., targeted research would gain the quickest 

results or basic research would be adversely affected, 

especially for funding). 

                                                           
110 Gross, Rhetoric of Science, 20. 
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As I compiled the database for this study, I added an 

additional category for arguments that were promulgated at a 

lower frequency than the three types listed above. (I coded 

positive arguments as o+, negative as o-).  For example, I 

coded arguments promoting establishment of the HGP to 

maintain U.S. prominence (and control) over human genome 

research and profits as a positive “other” argument (o+).  

Appendix 4-1 illustrates the number of arguments in each 

argument category, by valence (positive or negative), for 

the six years covered by this study.  Appendix 4-2 shows the 

number of arguments made in each category for each type of 

author over time, and Appendix 4-3 illustrates authors of 

each argument category by place of publication over time. 

Appendix 4-4 charts argument authors for each place of 

publication. 

4.1     Arguing the Genome: Results 

One of my first research questions concerns the 

arguments that were presented in 1986, in the first year 

studied.  In effect, these were the arguments utilized by 

the first proponents and opponents of a federally-funded HGP 

speaking/writing for a public audience, outside of the 

scientific arena.   

Prior to 1986 there was discussion of forming a program 

to map and code the human genome, but these discussions 
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either did not involve set-up of a federally-administered 

program or took place mostly within the scientific 

communities that would be involved in such a program.  Since 

the public (here represented by members of Congress) was not 

yet involved, these pre-1986 discussions are not part of 

this study.  But perusal of the arguments that were 

presented in 1986 provides an indication of the first set of 

the more public arguments.   

Even though 1986 saw the start of “public” discussion 

of the formation of the HGP,111 only seven separate primary 

sources devoted primarily to the HGP were published: six 

news articles or letters in Science and one article in The 

Boston Globe. Over two-thirds of the arguments presented in 

these seven sources were of a positive valence or pro-HGP.  

The largest argument category for the year dealt with 

medical, social, and scientific benefits (mss+).  

 Only three categories of authors presented the 1986 

arguments. 112 The majority of the total arguments for the year 

were offered by science writers for The Boston Globe and 

                                                           
111 Primary sources included those quoted from or referred to 
in Congress (e.g., Science magazine); material obviously 
intended to be influential in the debate (e.g., OTA’s report 
Mapping Our Genes: Genome Projects); or discussion mentioned 
as being important by one of the major participants in the 
debate (e.g., articles in The Washington Post.)  
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Science.  One scientist, Joseph G. Gall, published fewer 

articles where each article contained fewer (but often more 

focused) arguments. In Science, in four articles, science 

writer Richard Lewin presented news of discussions of the 

HGP that were occurring within the scientific community.  

Science writer Richard Saltus published one article in The 

Boston Globe,113 thus providing an introduction to the HGP 

for the public who did not read Science.  Scientist Joseph 

G. Gall, working on research related to the HGP and who 

would be affected by its creation, and one author (a 

scientist who identified himself primarily as a medical 

doctor), Renato Dulbecco, made many fewer arguments in total 

and per article than did the science writers.114  All three 

                                                                                                                                                                                
112 The categories were for medical doctors, science writers, 
and scientists. This author “pool” would expand in 
succeeding years. 
113 Richard Saltus, (1986, May 9).  “Crash effort to map 
human genes urged.  Massive project could open window on 
heredity, wide range of diseases: Critics fearful of 
abuses." The Boston Globe, Science and Technology Section, 
53. 
114An important distinction is made here between the 
categories of "scientist" and "medical doctor."  Since many 
of the scientists who would potentially be involved in the 
Human Genome Project were also M.D.s, this category was 
determined solely by the self-designation of the 
scientist/doctor involved.  In 1986, most of these arguments 
of medical, scientific, and social benefits predominantly 
involved medical advances, and the authors of these 
arguments chose to identify themselves first as M.D.s.  
Later in the study period of 1986-1991, if an author 
identified himself mainly as a research scientist, he was 

 76



categories of author presenting arguments in 1986 made 

claims of benefit (mss+). The majority of the total 1986 

mss+ arguments were made by the science writers Saltus and 

Lewin.  

Articles and letters in The Boston Globe  and Science 

show different patterns of argumentation in 1986. The one 

Boston Globe article presented a majority of the positive 

medical, scientific and social benefit/risk arguments for 

the year.  (Of course, since there were more articles in 

Science, the magazine had the chance to benefit from a 

diversity of authors so that there was a more varied 

presentation of argument topics.)  Big/little science 

concerns were voiced at the second highest frequency (but 

still at less than one-half the number of arguments for mss 

benefits and risks). 

As seen for just 1986, the greatest number of arguments 

presented in the entire six year scope of this study (1986-

1991) were for medical, social, and scientific benefits 

(mss+).  The next most presented argument concerned positive 

effects of a big science project in biology (b/l+).  (For 

example, funding for the HGP would bring greater attention 

and funding to biological research in general.)  Arguments 

                                                                                                                                                                                
coded as "scientist" at that point.  Again, this category 
was self-selecting (or rather, self-proclaiming). 
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presented at a lower level of frequency throughout the six 

years of my study included both positive and negative 

arguments concerning applied vs. basic research (a/b+ and 

a/b-). (For example, some arguments supported general basic 

research into all aspects of the human genome, and some 

supported targeting research funds to genes associated with 

diseases that have a high incidence in the U.S. population.) 

The categories of authors making these arguments 

increased in number during the six years covered by this 

study.  Scientists authored the greatest number of 

arguments, followed by science writers and politicians.  

Medical doctors authored the fewest arguments.  

The arena (place of publication) for these arguments 

also expanded over the six years. By far the greatest number 

of arguments were presented in testimony before Congress 

(forty percent of total arguments); even the second most 

utilized place of publication, Science, trailed with only 

seventeen percent of all arguments presented.   

All of the other places of publication presented even fewer 

arguments.  

 The HGP ultimately was established through give-and-

take dialogues within the scientific and the public arenas 

and also between the two.  Each participant had his/her own 

agenda to champion.  Arguments were put forth to support 
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these agendas and to persuade others either for or against 

the project.  The overall decision can be boiled down to a 

budgetary matter:  would/should the U.S. fund expensive 

genomic research?  The ultimate (most appropriate) audience 

for the arguments included members of Congress who would 

vote on funding. 

From the figures in Appendices 4-3 and 4-4, it is 

obvious that testimony before Congress dominates any 

investigation of use of argumentation.115 This is appropriate 

because Congress was the most significant audience for these 

arguments.  However, to compare arguments made in 

Congressional testimony with argumentation outside of the 

Congress, all argument data figures have been considered 

three times—-once without Congressional testimony, once with 

only Congressional testimony, and once with all sources 

together.  See Figure 4A for a comparison of percentages of 

total arguments presented by scientists, science writers, 

and politicians, and Figure 4B for a comparison of 

percentages of total arguments presented in Congressional 

testimony and in Science, the two largest authoring 

categories.  For the most part, the pattern of argumentation 

presented before Congress differed from the same categories 
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of total arguments in other media.  These differences are 

discussed where appropriate.  (For example, the volume of 

arguments in Congressional testimony was overwhelming.  In 

just three years, Congressional testimony presented forty 

percent of all arguments put forth in all of the six years 

studied.  Also, overall, arguments presented in such 

testimony had a higher percent of positive rather than 

negative valence.  As might be expected, politicians and 

their guest scientists authored the preponderance of the 

testimony arguments.) 

4.2 Medical, Social, and Scientific Benefits and Risks
 (mss+ and mss-) 
 
 

                                                                                                                                                                               

As illustrated in Appendix 4-1, the greatest number of 

all arguments made at the starting point for this study in 

1986 dealt with the medical, social, and scientific benefits 

(mss+) that would result from the completion of the HGP.  

Also in 1986, no medical doctors made any claims 

 
115  Of course, all of these figures are a function of the 
choice of primary sources.  However, the figures demonstrate 
a widening of the debate in documents available to Congress. 
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of medical, social and scientific risk (mss-), leaving that 

predominantly to the science writers who made twice as many 

mss negative claims as the scientists.116   

 When the 1986 mss arguments are compared by place of 

publication (Appendices 4-3 and 4-4), the Boston Globe and 

Science had nearly the same frequency for both positive and 

negative mss arguments.  (The small sample available for the 

first year of the study does not illustrate any significant 

pattern of difference of use of mss+ or mss- arguments by 

either publication for this one year.) 

Throughout the six years studied, mss claims were made 

that: 

• the HGP would enable scientists to map disease 

genes117 and ultimately lead to clinical treatment of 

single-gene diseases.  A hope was expressed that the 

HGP would allow us to be able to understand the 

origin of and “fix” problems caused by an 

interaction of multiple genes.118  

                                                           
116 It must be remembered that this entire discussion was 
coming from the scientific arena.  When the science writer 
made claims in articles, he acquired his information from 
scientists in the field.  But the decision to include an 
argument in an article was made by the science writer, so 
for databas, claims were attributed to that science writer.  
117Ibid. 
118 Lewin, Shifting sentiments,” 621. 
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• the goal of the project was to map all genes to 

specific locations on chromosomes because 

“everything that happens within a human happens 

because of the sequence of the genes.”119  

• as scientists work on understanding the results of 

the gene maps, they would ultimately be able to 

speed up the progress of all research,120 developing 

tools for analysis of large quantities of data 

useful in the physical as well as biological 

sciences.121   

• the program would be the "turning point" in the 

battle against cancer122 and AIDS.   

• the project would lead to the greatest biological 

undertaking of time.  The HGP called for an all-out 

effort, similar in scope (and potential benefits) of 

programs to explore space.123   

• such a program would be a culmination of the 20th 

Century revolution in biology.124  

                                                           
119 Saltus, “Crash effort,” 53.  
120 Ibid. 
121 Dulbecco, “A turning point in cancer research: Sequencing 
the human genome,” 1055-6. 
122Ibid. 
123 Saltus, “Crash effort,” 53. 
124Ibid. 
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• the HGP was the "holy grail"125 of biology--and 

ultimately, all science. 

Claims of risk included:  

• the genetic information gathered by the program 

carried a great potential for misuse.  The ability to 

sequence the genome was "a two-edged sword"126:  it 

would bring great benefits, but it would also bring  

great risks that might not be off-set by the gains. 

• the program could lead to unfair categorization of 

individuals (such as denied insurance claims for 

people labeled as predisposed to a particular disease 

or condition) or to psychological harm to people who 

learned of so-called defects in their own genes.127   

• That although the program promised great rewards, we 

(the public) really wouldn't know if our money (in 

the form of federal funding) was well spent until the 

project was nearly completed.128   

• the program would set a precedent of ill-advised 

massively funded "bad science"129 on a "mega-scale  

   

                                                           
125 Lewin, Homo sapiens,” 157-8. 
126 Saltus, “Crash effort,” 53. 
127Ibid. 
128Ibid. 
129Joseph G. Gall. (1986).  “Human genome sequencing” 
(letter), Science (Sept. 26): 1367-8. 
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. . . [that] would change the nature of biological     

  research."130       

 Figure 4C illustrates the pattern of mss argumentation 

by year.  The effect of voluminous Congressional testimony 

(1988-1990) on the total mss arguments presented is obvious.  

However, when comparing the percent of positive mss 

arguments to negative, a different pattern is revealed, 

where the relationship of positive to negative mss arguments 

shows a pattern with little change over all six years 

studied (Figure 4D). 

Instead of the limited coverage of the topic in primary 

sources in 1986 (just Science and The Boston Globe), over 

the six years covered by this dissertation, I studied a 

total of 11 primary sources of argumentation.  Again, most 

of the arguments were presented in Congressional testimony, 

followed by articles and letters in Science.  The next 

greatest number of arguments was found in OTA’s report to 

Congress, Mapping Our Genes.  Especially in fiscal decisions 

(such as funding the HGP), members of Congress wanted to be 

sure that federal money for the project would be well spent. 

 In no year did the negative mss arguments equal even 

half of the positive mss claims.  The benefits to be 

                                                           
130Roger Lewin. (1986).  “Proposal to sequence the human 
genome stirs debate,” Science (June 17): 1600. 
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realized from the program occupied central stage.  The only 

authors who presented more total negative mss arguments than 

positive were lay writers and a lawyer discussing, in 

Congressional testimony, the ramifications of genome 

patenting.  

4.3  Impact on the Conduct of Science, Big vs. Little  
 Science (b/l+ and b/l-) 
 

 The second largest number of arguments presented in the 

scope of this study (1986-1991) dealt with the impact of the 

project on the conduct of biological science, especially the 

impact of a potentially big science project on the funding 

of such research.  These arguments (coded as b/l) accounted 

for over one-fourth of the total arguments presented in 

1986, the first year of this study.   

In 1986 and 1987, as public argumentation was just 

starting, and in the last year, 1991, as the program 

achieved funding and legitimization, the number of negative 

b/l arguments was greater than the number of positive.
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Figure 4C  
Enumeration of Medical, Social, and Scientific (MSS) Arguments 1986-1991
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Figure 4D  
Percentages of Medical, Social, and Scientific Arguments (MSS) 1986-1991
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These are the three years of the study where no 

Congressional testimony was held dealing specifically with 

the formation of the HGP.  It is not surprising that the 

years of testimony (1988-1990) were more positively 

oriented: Congressional hearings were concerned with the 

funding of the program itself, not so much with more 

esoteric effects upon the conduct of science itself.  The 

negative b/l arguments that were presented in this time 

period with testimony were more concerned with damage that 

could occur with changes to then-current funding practices.   

When the 1986 big/little science arguments are viewed 

by author (Appendix 4-3), the positive b/l arguments were 

overwhelmingly made by one science writer, Richard Saltus, 

in The Boston Globe.  As for negative b/l arguments, 

Richard Saltus again made the preponderance of claims (56% 

of all 1986 b/l- arguments). Of course it must be 

remembered that there were many more articles and arguments 

appearing in Science than in the Boston Globe:  this makes 

the lower frequency of b/l+ or b/l- arguments from Science 

appear more pronounced.  This difference continues to 

indicate the planned journalistic balanced presentation of 

arguments new to the public arena in the Boston Globe, as 

well as the greater length of time the arguments had been 

discussed within the scientific arena. 
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In the six years studied, positive big/little science 

arguments claimed that:  

• a new biology was created in the 1970s with the 

introduction of new techniques for genomic research.131  

These techniques would speed up the mapping of the 

genome and reduce the cost. 

• the field was rapidly developing,132 and past 

structures of "cottage industry" science133 were too 

constricting for modern biology.   

• a crash program was needed.134  This would be an heroic 

effort to further biomedical research.135 

However, the preponderance of the b/l arguments was 

negative.  These authors argued that:  

• big science was inimical to good biological research.  

In spite of their power, the new techniques alone would 

be insufficient to unravel the mechanics of 

development.136 

                                                           
131 Saltus, “Crash effort,” 53. 
132 Ibid. 
133 Lewin, “Shifting sentiments,” 620-1. 
134 Saltus, “Crash effort,” 53. 
135 Gall, “Human genome sequencing,” 1367-8. 
136 Saltus, “Crash effort,” 53. 
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• the program would present a massive and tedious task 

whose cost would rival that of the Manhattan Project137 

and space exploration.138     

• the promised benefits were "red herrings," diverting 

attention from the immense computational problems the 

HGP posed.139   

• the "drive to sequence" was losing support and 

"running out of steam,"140 and was  

• a serious mistake141 that would rob smaller research 

projects142 and open up biological research to a 

"hidebound bureaucracy."143 

A particularly devastating metaphor of the unreadable or 

unusable end results of this program was put forth by David 

Botstein (then a geneticist at M.I.T.): 

  The nucleotide base sequence is only the  
bare beginning.  It’s as if we were a  
primitive tribe that collected all the pages  
of Shakespeare on a beach and figured out  
how to put them in order.  It’s Hamlet,  
but we don’t even know it, because we can’t  
read English.144 
 

                                                           
137 Ibid. 
138 Dulbecco, “Turning point,” 1055-6. 
139 Saltus, “Crash effort,” 53. 
140 Lewin, “Shifting sentiments,” 620-1. 
141 Ibid. 
142 Saltus, “Crash effort,” 53. 
143 Lewin, “Shifting sentiments,” 620-1. 
144 Saltus, “Crash effort,” 53. 
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 Congressional testimony dominates in the overall 

number of b/l arguments presented, but argumentation seems 

unbalanced in favoring positive arguments.  On the other 

hand, the most even balance between positive and negative 

b/l arguments appears in OTA’s report to Congress (Mapping 

Our Genes).  This is attributable to the charge of 

objectivity given OTA.145   The two newspapers studied (The 

Boston Globe and The Washington Post) as well as Science 

had a higher frequency of negative than positive b/l 

arguments too. And although the sample is too small to be 

significant, a lawyer speaking about patent implications 

before Congress presented a majority of her b/l arguments 

as negative, foreshadowing the coming controversy over the 

patenting of genes.146  As might be expected, scientists, 

                                                           
145  OTA’s actual assignment is delineated in the “Foreword” 
to the book by John H. Gibbons, then-OTA Director (page v), 
and on the following page:  “OTA provides Congress with the 
independent and timely information about the potential 
effects--both beneficial and harmful--of technological 
applications” (vi). 
146  The controversy over whether or not genes (or more 
exactly, the sequences of genes) should or could be 
patented, especially without knowledge of gene functioning, 
heated up in the year following the formation of the HGP.  
It was this controversy that precipitated Watson’s 
resignation later that year in the face of new policy 
decisions made by the NIH Director, Bernadine Healy that 
would allow patenting of sequences without a known 
function.  In 1992 Francis Collins succeeded Watson as 
Director of the NIH genome program. 
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who had a great stake in the establishment of the HGP, made 

the most supportive (positive) b/l arguments. 

Figures 4E and 4F illustrate the patterns of b/l 

argumentation by year.  Again, the effect of Congressional 

testimony (1988-1990) on the total number of b/l arguments 

presented is obvious.  However, unlike for the mss 

arguments, while the percent of positive mss arguments 

continued to show this impact in a large increase of total 

b/l arguments presented, negative b/l arguments greatly 

decreased during the same time period. Argumentation in 

Congressional testimony, at least for b/l arguments, was 

much more positive towards the HGP than were arguments 

presented outside of Congressional testimony. 

4.4 Impact on the Conduct of Science, Applied vs.  
Basic Controversies (a/b+ and a/b-) 

  
At the start of 1986, the proposals made for creation of 

the HGP started with the "interesting" genes,147 genes that 

were already known to be involved in inherited diseases.  

From this information researchers would build a model of 

the human blueprint.  In effect, the HGP would be pursued 

as applied research.  The program would focus more on 

applied than the traditional individual researcher, peer-

review granting procedures already in place (and 

                                                           
147 Gibbons, “Forward,” 53. 
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functioning well) at the major funding agency for U.S. 

biological research, the NIH.148  Those who opposed 

creation of the HGP claimed that this "high-stakes game" 

could not help but alter the present balance in biology 

between applied and basic research.149  If all biological 

research became targeted towards specific, known-before-

research goals, the values of basic research would, for the 

most part, be lost.  Of course, the HGP would be more 

applied, searching for specific genes before the more basic 

search for genes whose functions (and even existence) were 

as yet unknown.150  In addition, further mistrust of DoE's 

abilities to handle biological research were voiced; under 

the first plan (1986) proposed for the HGP, DoE would have 

primary responsibility for the entire program, which could 

"suck up" funding from other non-HGP basic (as well as 

applied) research proposals.151 

 As can be seen in Appendix 4-2, applied vs. basic 

(a/b) research arguments were advanced, but at a low 

frequency, by every group of authors publishing at the 

start of this study in 1986.152  But two of the 1986 

                                                           
148 Gall, “Human genome sequencing,” 1367-8. 
149 Lewin, “Proposal stirs debate,” 1598-1600. 
150 Gall, “Human genome sequencing,” 1367-8. 
151 Dulbecco, “Turning point,” 1055-6. 
152 The categories were for medical doctors, scientists, and 
science writers. 
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authors, Dulbecco and Gall, presented no negative a/b 

arguments in this first year, leaving that exclusively to 

Levin in Science.  The primary source samples for 1986 are 

small, but outside of Science, the low number of a/b 

arguments presented foreshadow a later finding that this 

research issue discussed within the scientific arena was of 

much lesser importance in the public. 

Although a few arguments dealing with the impact of 

the HGP on applied and basic research practices in science 

were presented in 1986 (Appendix 4-1), the number (and 

percentage of total) of these arguments never was high in 

the following years.  In 1991, because of an anti-HGP 

letter writing campaign, there were more than twice as many 

negative as positive a/b arguments presented. 

 Scientists, science writers, and politicians showed 

the greatest interest in the negative effects of the HGP on 

applied/basic research concerns (a/b-), but even their 

total arguments were more positive than negative.  The few 

a/b arguments presented by lay writers were predominantly 

concerned with HGP risks.  (Again, such small samples can 

only indicate a possible preference:  they are too small to 

use to calculate any significant differences.) 

Figures 4G and 4H illustrate patterns of b/l 

argumentation by year.  Again, the effect of Congressional 
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testimony (1988-1990) on the total number of b/l arguments 

presented is obvious, as is the positive valence of the 

majority of these arguments. When the patterns are viewed 

by percentages, the patterns for positive and negative b/l 

arguments are almost mirror opposites.  Two years had more 

negative b/l arguments than positive:  1987, the year 

before substantive Congressional testimony began, and 1991, 

reflecting the effect of the negative letter writing 

campaign begun in 1990. 

4.5 "Other" Arguments (o+ and o-) 
 
I designated a coding category as “other” for 

important arguments which nevertheless were presented at a 

lower frequency than applied/basic; big/little science; or 

medical, social, and scientific benefit/risk categories. 

Most of the “other” arguments were made in 

Congressional testimony or in the book prepared for 

Congress, OTA’s Mapping Our Genes: few “other” arguments 

were presented in the first two years covered by the study.  

But in the last year, 1991, the majority of “other” 

 96



 

 Figure 4E  
Enumeration of Big/Little Science (B/L) Arguments 1986-1991
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Figure 4F  
Percentages of Big/Little Science Arguments (B/L) 1986-1991
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arguments were negative, reflecting the results from the 

negative letter writing campaign started in 1990. In 

addition, a sizeable number of negative arguments were made 

in 1991 in Science, and only The Washington Post presented 

more o- than o+ arguments over time.  More o+ arguments 

were made by scientists, while the o- arguments were raised 

mainly by science writers and politicians.  However, even 

these negative arguments were more than balanced out by a 

greater number of positive arguments. There were two major 

threads in these o+ and o- arguments.  The first argument 

in this category related to fears that leadership in human 

genome research potentially could leave U.S. hands. 

Whichever country maintained control of the resultant 

data153 would first reap the benefits of the research.  

Therefore, by 

                                                           
153 Saltus, “Crash effort,” 53; Lewin, “Proposal stirs 
debate,” 1598-1600. 

 98



Figure 4G 
Enumeration of Applied/Basic (A/B) Arguments 1986-1991
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Figure 4H 
Percentages of Applied/Basic Science Arguments (A/B) 1986-1991
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funding the research, the U.S. could retain desired 

control. Following reports of the start-up of other 

national genome programs (French, Russian, and in 

particular, Japanese), writers expressed concern over who 

would control (and greatly benefit from) the first results 

from such studies. For example, concern was expressed that 

if the Japanese genome program advanced more quickly than 

the U.S. program(s), the balance of trade between the two 

countries would be affected.  Also, some authors argued 

that the cost of any of the benefits to be realized from 

the program would carry too high a price tag unless the 

U.S. reaped the first benefits to be realized from the 

project. As Congressman Ralph Hall put it: 

You know, normally you’d think that the  
country that did take the lead or that  
pulled away from the pack in basic research  
would have some kind of a so-called leg-up on 
commercial applications.154 

 
This seemed to add an urgency to the formation of a U.S.-

funded program. 

The second thread concerned the mapping of the genomes 

of other species would be helpful in mapping the human 

                                                           
154  Rep. Ralph M. Hall, hearing before Subcommittee on 
International Scientific Cooperation, Committee on Science, 
Space, and Technology, U.S. House of Representatives, 101st 
Congress, 1st Session, Oct. 19, 1989. 
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genome itself.155  For example, continuing research into the 

study of genomes of other species such as yeast, bacteria, 

plants, worms, and small mammals such as dogs and rats 

generally was supported as increasing the knowledge base 

for the HGP.  

 Figures 4I and 4J illustrate the patterns of “other” 

argumentation by year.  The first year with substantive 

Congressional testimony (1988) shows a sharp rise in the 

number of o+ arguments presented; this number falls in 

succeeding years.  The number of o- arguments also rises in 

1988, but this number remains fairly constant for the 

remaining years of the study.  When the pattern for 

proportions of o+ and o- argumentation are viewed, only one 

year (1987, the year before Congressional testimony began) 

shows more o- than o+ arguments. Percentages for o+ and o- 

arguments remained fairly steady for the remaining years of 

the study. 

                                                           
155Roger Lewin, “Homo sapiens,” 157-8. 
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Figure 4I
Enumeration of "Other" (O) Arguments 1986-1991
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Figure 4J 
Percentages of "Other" Arguments (O) 1986-1991
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For the years 1988, 1989, and 1990, this “other” 

category did reach much higher levels of frequency.  Not 

incidentally, these were the years where there was 

testimony before Congress.  Budgetary considerations were 

at the foundation of the arguments for or against the 

creation of the project, and foreign competition and 

cooperation, especially related to financial support need 

for the HGP, were big considerations.  For the years with 

no testimony before Congress, 1986 saw no negative “other” 

arguments, 1987 had a slight majority of o- arguments, and 

1991 had more than twice the number of o- arguments than 

o+.  All of the Congressional testimony years (1988, 1989, 

1990) had a great many positive “other” arguments. Members 

of Congress especially were very interested in aspects of  

foreign competition for genomic research, in particular 

those of Europe, Russia, and Japan. 

4.6 Arguing the Genome: Analysis  

 Only three types of authors presented arguments in 

1986 (see Appendix 4-2.)156  Although the scientists and 

medical doctors could be considered to have the greatest 

concrete professional stake in the outcome of the project, 

the great majority of the total 1986 arguments over the 

                                                           
156  The author categories were for scientists, medical 
doctors, and science writers. 
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creation of the HGP were presented by science writers.  

This clearly illustrates that the controversy over the 

formation of the HGP was no longer confined to the 

scientific arena and indeed was being introduced to the 

public.157  Although then there was no consensus even within 

the scientific arena concerning the creation of the HGP, it 

is interesting that science writers presented over two-

thirds of their arguments as favorable towards the HGP. 

Prior to 1986 the bulk of discussion over the HGP had 

taken place in the scientific arena, so scientists had had 

more time to consider the across-the-board potential impact 

of the project. Early in the discussions in the scientific 

arena, there had been a high level of excitement over the 

HGP and its potential to lead to a greater commitment to 

biology than in the past.  But by 1986 this excitement had  

started to recede, and scientists presented five times as 

many negative as positive mss arguments.  Conversely, 

science writers presented five times as many mss+ as mss- 

1986 arguments. Comparatively optimistic medical doctors 

made no negative mss arguments in 1986.   

                                                           
157 The choice of primary materials, again, centered on 
material accessible to and potentially influential on the 
decision making of members of Congress.  Considering the 
vast number of sources available to the lawmakers that did 
not discuss the formation of the Human Genome Project, 1986 
was indeed the beginning of discussion in the public arena. 
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It is not surprising that all of the 1986 arguments by 

scientists were presented in Science, a hybrid publication 

from  the American Association for the Advancement of 

Science (AAAS) that contains articles from the very 

technical, peer-reviewed article, to brief notes covering 

comments on science related news.  The magazine itself is 

well-respected within the scientific arena, and any letter 

or article published in its pages (peer reviewed or not) 

retains some of this prestige.  Science writers presented 

the only a/b- arguments in 1986. (The a/b- argument proved 

to be of little interest further outside of the scientific 

arena, i.e., in newspapers, Congressional testimony, etc.)  

In successive years and in other places of publication, 

negative a/b arguments generally were presented with 

alongside positive a/b arguments. 

In 1986 a/b+ comments usually debated different 

infrastructures for management of the program.  This might 

imply an aura of greater skepticism about the impact of the 

HGP, especially by scientists who presented the greatest 

number of negative a/b arguments.  In reality these 

negative arguments were used to influence the direction of 

the project towards less basic and more applied research 

that would most quickly yield clinically-useful benefits.  

Negativity was directed towards the basic research and rote 
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sequencing as presented in the original DoE proposal, not 

towards establishment of the program itself.  Leroy Hood, a 

project backer, stated that: 

 it would be a serious mistake to jump  
into a full-scale sequencing effort with  
the cottage industry techniques we have at  
the moment. . . .  If we make the proper 
investment in developing technology then  
in 5 years time we will be able to do the  
job more effectively, both technically and 
financially.158 

 
Science writers reported concern over the use of the 

ultimate results of the program:  overall, would the 

potential benefits outweigh the risks and cost? Science 

writers questioned how the program was to be administered, 

either separately by NIH or DoE or jointly. Arguments also 

presented recent biological history, from the Berg Science 

letter159 to genome efforts on other species, to competition 

over funding between the NIH and the DoE and the 

                                                           
158  Leroy Hood, as quoted in Levin, “Shifting sentiments.” 
159  “In the mid-1970s, the National Academy of Sciences 
asked Paul Berg to chair a committee exploring the safety 
of recombinant DNA technology. He responded with the 
historic "Berg letter," calling for a moratorium on 
recombinant DNA research until safety issues could be 
addressed. He was one of the key organizers of the 
international forum on recombinant DNA technology, the 
Asilomar Conference, which took place in February of 1975. 
One hundred leading scientists met at the conference to 
discuss the potential risks of gene-splicing experiments. 
The ensuing dialogue resulted in the National Institutes of 
Health guidelines published a year later, a milestone of 
responsible self-regulation in science.” From 
http://www.accessexcellence.com/AB/BC/Paul_Berg.html. 
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credentials of each institution for spearheading the 

project.  Science writers brought forward to the public the 

first questions concerning a possible differentiation 

between expected results, benefits and risks, to be 

expected from mapping as opposed to mapping and sequencing.  

They questioned the ultimate goals of the entire program 

(and its central metaphor): did the term “mapping” include 

sequencing?  Authors expressed concern over the impact of 

such a big science program on biological research, 

especially the impact on funding for a program that might 

“suck up”160 money that could be used by other, more basic 

biological research. A great deal of attention was paid to 

recent questioning of the scope of the program and its 

timing: was then-current technology advanced enough to 

handle the huge information gathering, interpreting, 

storing, and dissemination requirements endemic to the 

project?  Science writers also reported a minor but growing 

concern over the use of the genetic information and 

potential abuse of an individual’s rights.  In 1986 science 

writers presented their arguments in both The Boston Globe 

newspaper and Science magazine. Because they did not have 

so obvious a vested interest in the formation of the 

project (again because of the principle of journalistic 

                                                           
160 Dulbecco, “Turning point,” 1055. 
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balance) and were writing from outside the scientific 

discipline concerned, science writers were able to appear 

to reflect objectively the concerns often more narrowly 

presented by scientists and medical doctors.  

 When trying to determine how arguments were deployed 

during the entire period under study (1986-1991), I tied 

changes in argumentation with the related historical events 

of the period.  (See Appendix 1-1 for a timeline of events 

associated with the establishment of the HGP and notation 

of publication times for primary sources for database 

data.)   

In the first year of HGP arguments presented outside 

of the scientific arena (1986), the small number of  

arguments made for and against the program reflected the 

beginning of the movement of the discussion from the 

scientific arena to the public and the excitement shown for 

the project in the public arena that year. The majority of 

arguments made were positive:  the first public 

introduction to the HGP was overwhelmingly positive.  In 

1986 the HGP debate was carried from the discussions 

between colleagues within the scientific arena to science 

news stories about proposed human genome programs in 
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Science161 by Roger Lewin and to the public arena by Richard 

Saltus, in The Boston Globe.  These science writers 

reflected the hopes and concerns of scientists and medical 

doctors who would be professionally impacted by the 

establishment of a federal-funded program to study the 

human genome.  It is interesting that no scientists carried 

the debate so far out of the scientific arena in 1986 

(outside even Science), at least not as authors in the 

primary sources studied here.162 The majority of the 

arguments presented in May and June of 1986 were reports of 

scientific meetings sponsored (primarily) by DoE in the 

first months of the year. 

These arguments in 1986 laid the groundwork for 

arguments in the following years.  First, some expressed 

opposition regarding the administrative structure of the 

project proposed by DoE.  According to Roger Lewin:   

there was a palpable unease among the  
Cold Spring Harbor audience about the  
prospect of the DoE being so deeply  
involved in what essentially is a project  

                                                           
161 Science magazine is particularly well suited to this 
transfer of the arguments between the scientific and public 
arenas because it is well respected and read by both 
scientists and by members of the public. 
162  While scientists were of necessity the main source of 
information used by science writers, they were infrequent 
authors of articles.  However, scientists and medical 
doctors were the main authors of Science letters to the 
editor. 
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in the biological sciences.163 
 

According to David Botstein, “it endangers all of us, 

especially the young researchers.”164  Perhaps because of 

the small number of arguments in 1986 this debate did not 

much impact public argumentation by the press in 1986.  

Second, in July of 1986, the National Research Council 

(NRC) of the National Academy of Sciences (NAS) and 

Congress’s Technology Assessment Board (OTA) commissioned 

investigations into the best way to conduct human genome  

research. (The results of both of these studies were first 

made public in 1988.) 

Argumentation in Science and even more public venues 

increased in 1987.  Even though in this year there were no 

Congressional hearings specifically concerning the HGP, 

occasional mention of its possibilities crept into 

Congressional testimony.165  Federal politicians’ local 

newspaper, The Washington Post, joined Science and The 

Boston Globe in reporting the debate over the project.  

Again, science writers presented an overwhelming proportion 

of the arguments in 1987.  There did not yet appear to be 

                                                           
163 Lewin, “Proposal to sequence,” 1600. 
164 Ibid. 
165 Because hearings before Congress in 1987 were not 
specifically concerning establishment of the Human Genome 
Project (but rather were dealing with general federal 
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any concerted opposition to the HGP by any category of 

author.  The science writers reported on growing concern 

within the scientific arena over a DoE-led genome program 

and the type of infrastructure most likely to be set up by 

the big science-oriented DoE.  They also commented on the 

effects the HGP would have on the conduct of science, even 

funding for projects on a smaller scale.  And with 

increased discussion of the possible establishment of a 

coordinating body to oversee international genome research, 

and the announcement of the establishment of a Russian 

human genome project, “other” arguments, primarily dealing 

with foreign research competition, increased.  

The year 1988 saw a great increase in argumentation 

concerning the HGP, in a large part because of 

Congressional hearings devoted to the topic.  The year also 

saw the publication of the two investigations, by the NRC 

and OTA.  In addition, public attention was drawn to the 

actual establishment of the international Human Genome 

Organization (HUGO).  Primarily the idea of molecular 

biologist Sydney Brenner,166 HUGO was formed at a meeting in 

                                                                                                                                                                             
agency budgetary concerns), testimony of these hearings 
were not picked as primary sources for this study. 
166 Cook-Deegan, Code of Codes, 28. 
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Switzerland in September of 1988.167 Fostering international 

exchange of ideas, technologies, and data, and funded 

primarily by Howard Hughes Medical Institute (U.S.) and the 

Imperial Cancer Research Fund (Great Britain), HUGO was 

nicknamed the “U.N. for the human genome”168 by biologist 

Norton Zinder. 

Under political pressure from the House of 

Representatives, in June 1988, DoE and NIH signed a joint 

Memorandum of Understanding, in part to avoid House passage 

of a competing bill already passed in the Senate.169 (The 

text for this memorandum appears in Appendix 1-3). Also in 

June, NIH director James Wyngaarden appointed Nobel 

laureate James Watson to the newly created position of NIH 

associate director for human genome research.  Coverage of 

the debate over the HGP widened: there were nine primary 

                                                           
167  At the April 29, 1988 first Cold Spring Harbor meeting 
devoted to genome sequencing and mapping, the “genome 
elite” (Cook-Deegan, Gene Wars, 208), created an informal 
international genome committee with members from 17 
countries.  By the time of the meeting in Switzerland, the 
number of countries enlisted had grown to 42. 
168 Norton Zinder as quoted in Kevles, Code of Codes, 28. 
169 According to Robert Cook-Deegan (Gene Wars, 355), the 
House Committee on Energy and Commerce threatened to pass a 
Senate bill sponsored by Senators Lawton Chiles, Edward 
Kennedy, and Pete Domenici if the two agencies could not 
work out a plan of cooperation.  Although the bills were 
similar, planning that had already gone into the House bill 
would have been wasted (and non-transferable to the Senate 
bill), and  project leaders would virtually have to start 
the approval process all over. 

 112



sources of argumentation in 1988.170  (This was triple the 

number of primary sources in the previous year.)  For the 

first time, science writers presented a lower percent of 

all arguments when compared with politicians and 

scientists.  This is due to an extensive Congressional 

hearing on April 27, 1988 before the Subcommittee on 

Oversight and Investigations, Committee on Energy and 

Commerce, House of Representatives, 100th Congress, Second 

Session.171  

Even though discussion would be expected to focus on 

potential medical, social, and scientific benefits and 

risks, questioning of both big/little science and 

applied/basic research also rose in 1988.  Especially in 

Congressional testimony, there was greatly increased 

emphasis on international cooperation/competition in 

research on the human genome, and so the number of “other” 

arguments also saw a sharp rise: an over 45-fold increase 

in argumentation for positive “other” arguments; negative 

“other” arguments increased over seven fold).  

                                                           
170  1988 primary sources included Science, The Boston 
Globe, The Washington Post, OTA’s Mapping Our Genes, 
Chemical and Engineering News (C&EN), Congressional 
testimony, The Journal of the American Medical Association 
(JAMA), The New York Times, and the NRC’s Mapping and 
Sequencing the Human Genome. 
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The year 1989 saw a high number of arguments 

presented:  this reflects two sets of testimony before 

Congress, the first on October 19, 1989 (a hearing before 

the Subcommittee on International Scientific Cooperation of 

the Committee on Science, Space, and Technology, U.S. House 

of Representatives, 101st Congress, First Session); and the 

second on November 9, 1989 (a hearing before the 

Subcommittee on Science, Technology, and Space of the 

Committee on Commerce, Science, and Transportation, U.S. 

Senate, 101st Congress, First Session). 

Since much of the controversy concerning the program’s 

goals and eventual superstructure (in particular, questions 

on whether or not the focus of the program would be on 

sequencing of human DNA) were being addressed publicly by 

NIH and DoE, the number of applied/basic and big/little 

science arguments presented fell in 1989.  The number of 

negative “other” arguments also fell, but for a very 

different reason.  When questions of foreign competition 

first appeared, for the most part they started out as 

arguments against the project: why should the U.S. get into 

an escalation of tensions with other countries also funding 

their own human genome programs?  In addition, there were 

                                                                                                                                                                             
171 Representative John Dingell, Chair of the Subcommittee, 
publicly introduced OTA’s report Mapping out Genes in this 
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claims that other countries, especially Japan, would 

outstrip U.S. leadership in applied research, allowing 

other countries to reap the benefits of knowledge of the 

human genome first.  Especially in testimony before 

Congress, leading scientists such as James Watson, Maynard 

Olson, and Francis Collins turned this argument on its 

head.  They presented the picture of the benefits of 

competition—and eventual cooperation—among countries with 

strong genome programs.  After all, HUGO was an 

international program, and the U.S. retained a great deal 

of leadership in its endeavors: the program was even housed 

in the U.S.172  Foreign competition and cooperation 

arguments were presented after this time, but a negative 

argument had been turned primarily into a positive 

argument.  Most threats of foreign competition morphed into 

the benefits of foreign cooperation.  Particularly 

effective in budget hearings before Congress were the 

arguments offering a promise of international cooperation 

in the funding of human genome research. 

The year 1990 was active year for argumentation.  

Early in the year, Dr. Martin Rechsteiner (University of 

Utah) and Dr. Michael Syvanen (University of California, 

                                                                                                                                                                             
hearing. 
172 Rumrill, Initiating International Collaboration. 
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Davis) started movements opposing the formation of the 

Human Genome Project on the grounds that it was “bad 

science.”173  According to Martin Rechsteiner, 

 the HGP was ‘bad science’ for me because  
there was no hypothesis.  It was simply a 
cataloging venture.  Science like art can be  
performed with varying degrees of elegance.   
The HGP is extremely pedestrian in approach.174 

 
This negative campaign was conducted almost entirely within 

the scientific arena, through letters and electronic mail 

among scientists.  (It was only later that the anti-HGP 

campaign became more organized and directed attention to 

soliciting form letters to be sent to key members of 

Congress.)  In addition, some skeptical scientists 

(including Bernard Davis, Harvard Medical School) published 

articles in Science magazine again questioning the goals 

and scope and superstructure of the project.  Davis stated 

that: 

  the perception of competition on this scale  
is engendering bitterness in the research 
community.  The concern also has a deeper  
cause, stemming from doubts about the scientific 
justification for the present status of the 
HGP…biology does not have an obvious need for  
‘big science.’175 

                                                           
173 For a copy of the suggested text for an anti-HGP letter 
to Congress, see Appendix 4-5.  This copy was retrieved 
from the Cook-Deegan Gene Wars repository, Georgetown 
University. 
174 Martin Rechsteiner, personal communication, March 8, 
2000. 
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However, in April 1990, NIH and DoE published their first 

joint five-year plan for the project, and in this document 

much of the controversy concerning the HGP superstructure 

and goals were answered and the competition between NIH and 

DoE resolved (at least on paper).  A formal structure, set 

up to encourage the two agencies to cooperate in leadership 

for the project, allowed each to concentrate on its own 

particular strengths.  DoE was to tackle new technology 

development, and NIH was to emphasize the funding of 

biological research.  Both agencies received cooperative, 

not competing, federal funding to add to the budget for the 

entire program.  The plan made provisions for frequent 

review of program goals so that when new technology 

development did enable reduction of cost and increase of 

the speed of research, the program’s scope could be revised 

to add sequencing techniques.176  DoE’s budget for 

technology did not directly compete with NIH funding for 

all biological research (at least not obviously), relieving 

                                                                                                                                                                             
175 Bernard Davis, et al.  (1990).  “The human genome and 
other initiatives,” Science (July 27): 26. 
176 This quickly became an important issue.  Early advances 
in lowering the cost and increasing the speed of sequencing 
made it more attractive, and sequencing was again added 
into HGP research. In fact, the recent announcement of 
mapping the human genome concerned sequencing,  not 
physical, maps.  See the February 16, 2001 volume of 
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concerns over the effects competition for NIH funding would 

have on funding and staffing basic biological research.  

(See Appendix 1-4 for the Executive Summary of this plan.)  

An extensive Congressional hearing, held on July 11, 

1990,177 discussed the possible budget and infrastructure of 

the project.  At this point it was obvious that the 

majority of Congressional Representatives speaking at the 

meeting were highly in favor of establishing an official 

U.S. human genome program.  Senator Pete Domenici offered 

that: 

the next 30 years will see more scientific 
breakthroughs of a fundamental nature in the  
world than in all of human history. . . . I  
am very hopeful that one of those stupendous 
breakthroughs will be the mapping of the human 
genome.178 

 
By the end of the year, when the HGP was officially 

established as a federally funded program with its own 

line-item budget (October, 1990), there were only a few 

scientists (including Rechsteiner) who still vigorously 

 

                                                                                                                                                                             
Science  (Vol. 291, #5507) and the February 15, 2001 volume 
of Nature (Vol. 409, #6822) devoted to this topic. 
177 Hearing (on the Human Genome Project) before the 
Subcommittee on Energy Research and Development of the 
Committee on Energy and Natural Resources, U.S. Senate, 
101st Congress, 2nd Session. 
178  Senator Pete Domenici, July 11, 1990 hearing before the 
Subcommittee on Energy Research and Development, Committee 
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maintained that the program should not be considered at 

all.   

Argumentation concerning the HGP did not stop once the 

program was officially established in 1990.  In 1991 the 

negative campaigns started by Rechsteiner continued in the 

scientific arena and were reported on, at a lesser degree 

of intensity, to the public.  No matter how strenuously 

they argued against the project in the scientific arena, 

their voices rarely commended attention in the public 

arena.  The generic write-in letters sent to Congress 

generally arrived long after members of Congress had 

already decided on political alliances and whether or not 

they would fund the HGP. 

The negative arguments in this last year of my study 

(1991) concentrated on the impact of big science projects 

on the conduct of biological research.  The number of 

negative “other” arguments also rose.  However, in the same 

year, the program received official public recognition by 

then-President Bush,179 and on the official anniversary of 

its creation, even though research progress was as yet 

minimal, the program received many laudatory comments in 

the press.  According to Leroy Hood: 

                                                                                                                                                                             
on Energy and Natural Resources, U.S. Senate, 101st 
Congress, 2nd Session. 
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This revolution [in technology and biology]  
will be accelerated as we move into the  
twenty-first century by even more far- 
reaching developments, especially the  
deciphering of the human genome, our  
blueprint for life.  The Human Genome  
Project is on its way to creating an  
encyclopedia of life, giving biologists  
and physicians direct computer access to  
the secrets of our chromosomes.”180 

 
The program had overcome serious opposition and was firmly 

established in the federal budget.  

The proponents of the HGP, especially after the first 

year of public debate, presented in a wider arena of 

discussion and presented more varied arguments to advocate 

the project. The opposition raised late questions that had 

for the most part been answered earlier in the debate. For 

example, the fears that DoE would not know how to 

administer funds for biological research nearly disappeared 

when the original goals were altered and NIH took the lead 

in funding the biological (as opposed to the information 

technology) side of research on the project.  The push for 

opposition at the end of the time studied focused on an 

audience less likely to have an actual effect (scientists 

instead of voting members of Congress).  Opponents of the 

project didn’t seem to realize the need for organization 

                                                                                                                                                                             
179 Cook-Deegan, Gene Wars, 184. 
180 Leroy Hood, “Biology and Medicine in the Twenty-First 
Century,” in Kevles, Code of Codes, 136-163. 
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until near the end of the time frame studied, too late to 

have much of an impact on the outcome of the debate.
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CHAPTER 5: 
RHETORICIZING THE ARGUMENTS 

   
…this is perhaps one of the most extra- 
ordinary, exciting, challenging, and  
potentially majestic journeys that science  
has taken us on….  According to Time magazine, 
the Human Genome Initiative is on a par  
with the Manhattan Project and the Apollo 
exploration to the Moon.  I think it is,  
indeed, all of those things and more.181  

 
The format in which an argument is presented, whether 

chosen consciously or unconsciously, has a great deal of 

influence on the eventual effectiveness of the argument 

itself.  For the HGP, authors presented arguments to 

attempt to sway an audience to a particular way of 

thinking.  Used deliberately, four rhetorical devices can 

greatly enhance the impact of the argumentation: three of 

these were coded into a database (metaphors, narratives, 

and selective word choices), and one, author and source 

confidence, was discerned from examination of each argument 

presented.   Authors occupying a neutral stance (e.g., most 

science writers), used the four devices to carefully 

present the positive and negative realities of the 

controversy as they saw them.  

 

                                                           
181 Sen. John Kerry, July 11, 1990 hearing before the 
Subcommittee on Energy Research and Development, Committee 
on Energy and Natural Resources, U.S. Senate, 101st 
Congress, 2nd Session. 
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Metaphoric language (where one object or concept is 

equated with or compared to a different object or concept) 

is a way to present a new idea in terms of already known or 

held knowledge and/or ideas. As seen in Chapter 2, 

metaphoric language is one major method used by the human 

brain to organize the chaos of information from the outside 

world. For example, one of the most powerful metaphors used 

to support the HGP was that of mapping: consequently, even 

if members of a lay audience had no knowledge of the layout 

of the genome, they could comprehend the spatial 

relationships of a simple road map.  Members of that 

audience could relate to the use of known landmarks (known 

genes) and of journeying into a heretofore unknown or 

unvisited site (specific but as yet unlocated disease 

genes).  

Narratives, stories or scenarios with a chronological 

format, presenting a discernable beginning, middle, and 

ending, are an effective strategy to familiarize a lay 

audience with new and complicated information.  Narratives 

give form and order to the chaos of new ideas.  Narratives 

connect an audience to new concepts by placing the new 

concepts within a known series of events.   Predictive 

narratives are heavily used in clinical reviews, and for 
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the HGP debate, authors projected medical science as one of 

the greatest benefactors of genome mapping. 

Successful (persistent) arguments skillfully use words 

chosen to best present the particular ideas under debate. 

Particular word choice can make an ordinary argument 

superlative (e.g., the difference between “benefits will be 

received” and “immense benefits will be received” or “will 

potentially cause underfunding” and will potentially cause 

debilitating underfunding.”) 

In addition, an audience can be predisposed to more 

readily accept arguments proffered from one source than 

from another. The reputation of a particular author has the 

potential to greatly influence the reception of his or her 

arguments.  Within the scientific community, meeting 

certain conventions and publishing in certain journals 

conveys more prestige and authority to the author(s) than 

presenting the same material in other venues (e.g., the 

prestigious Science vs. the popular Discover magazines).  

Outside the scientific arena, the support of a well-known 

Nobel laureate usually gives more weight to whatever side 

of a controversy he or she supports.   

 Appendices 5-1a and 5-1b present the use of rhetorical 

devices over time, by number and by percentage, 

respectively.  Appendix 5-2 illustrates the use of 
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rhetorical devices by place of publication, and Appendix   

5-3 by author.  Appendix 5-4 shows the use of rhetoric by 

the argument categories discussed in Chapter 4. 

5.1 Rhetoricizing the Arguments:  Results  
 

Even though the first year of this study (1986) 

presents limited data, the two publication sources for 

arguments, Science and The Boston Globe, showed a different 

pattern of use of rhetorical devices. Nearly half of the 

1986 Science arguments were presented through narratives,  

while the rhetorical category used most often in The Boston 

Globe was positive metaphoric language. (Articles and 

letters in Science are arguably closest to the debates over 

the HGP that occurred in the scientific community preceding 

this year.) 

 The use of rhetorical devices also differed by type of 

author.  At least for 1986, one medical doctor (Renato 

Dulbecco) utilized only two devices, metaphors and 

narratives.  One scientist (Joseph G. Gall) used 

predominantly narratives.  Science writers Levin and 

Saltus, however, split their devices among narratives, 

metaphors, and word choices.  (This fairly even use of the 

three rhetorical devices again reflects the journalistic 

training of the science writers to deliberately seek a 

balanced presentation of the sides of a controversy.)  
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 In 1986, the majority of arguments dealing with a/b 

research used narrative devices, while arguments for b/l 

relied mostly upon selective word choices.  Arguments for 

mss were presented mostly by metaphors. 

Figures 5A and 5B show patterns of use of rhetorical 

devices 1986-1991.  As noted in Chapter 4, testimony before 

Congress dominates any investigation of use of rhetorical 

device, at least for the years 1988-1990 when Congressional 

hearings were held, and all results have been analyzed 

three times—once without Congressional testimony, once with 

only Congressional testimony, and once with all sources 

together.  Significant differences are illustrated in 

Appendix 5-5 and are discussed where appropriate.   

This rise in frequency of arguments presented can 

clearly be seen in Figure 5A, as can the similar pattern of 

use of metaphors, narratives, and word choice as rhetorical 

devices.  Figure 5B, however, illustrates very different 

patterns of use of the rhetorical devices when they are 

compared by percentage of total yearly arguments.  While 

narratives and metaphors continued at relatively similar 

percent levels from year to year, there was a marked 

increase in the use of selective word choice from the start 

of the period under study to the end.
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Figure 5A :
Enumeration of Use of Rhetorical Devices 1986-1991
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Figure 5B:
Percentages of Use of Rhetorical Devices 1986-1991
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5.2 Metaphorical Language 

 Metaphoric language was used in almost one-third of 

the total arguments in the first year studied (1986). The 

great majority of 1986 metaphors were positive in nature.  

Positive metaphors in Science outnumbered the negative 

three fold. Of the total 1986 arguments, less than one-

fourth of the 1986 arguments in Science were presented as 

metaphors; nearly twice as many of The Boston Globe 

articles also were metaphors.  (This can be attributed to 

the more recent introduction of the controversy in the 

public arena, with a greater reliance on overt reference to 

underlying metaphors.)  

Although this opening year was limited in the number of 

arguments presented, the particular metaphors used 

throughout the time period were all presented in 1986.  In 

the six years covered by this study (1986-1991), the public 

was introduced to the protean meanings of the genetic map: 

• Researching the human genome would be more valuable 

than then current genome studies for other species.  

• Targeting human disease genes would reap more 

immediate rewards than general basic research on all 

genomes.   
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The project would result in: 

• a map,  

• a useful tool (or weapon),  

• a revolution in biology, 

• achievement of the grail of biology. 

The genome itself was: 

• a human blueprint,  

• an inherited script,  

• a set of instructions or recipes,  

• an individual and/or species endowment, and 

coded information.   

The major metaphors used included images of the 

research as:  

• a (high stakes) game or puzzle,  

• the discovery of the blueprint for what it meant to be 

human.182  

The information to result from the project was: 

• the “grail” of biological research,183 and  

• an engine of research184 as an unstoppable juggernaut,185  

where resulting information would be  

                                                           
182 Lewin, “Proposal stirs debate,” 1598-1600. 
183 Lewin, “Homo sapiens,” 157-8. 
184 Lewin, “Shifting sentiments,” 620-1. 
185 Gall, “Human genome sequencing,” 1367-8. 
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• the “fruits” of progress.186 

There were also many metaphors linking the HGP to science 

projects that had already caught the public’s imagination,  

such as space exploration and the “war” on cancer.187   

There were many metaphors of the use of language.  For 

example, the HGP was:  

• a chapter in research,188  

• a reading of the classics,  

• a blueprint,  

• a set of instructions,189  

• a recipe,  

• a map,  

• an “inherited script,”190 or  

• a compact dictionary.  

Molecules were letters of the genetic code, and genes were 

words within the entire genetic code document.191 

There were also metaphors of exploration, including the 

metaphors of: 

• mapping 

• discovery of new worlds (e.g., Columbus), 

                                                           
186 Lewin, “Homo sapiens,” 157-8. 
187 Dulbecco, “Turning point,” 1055-6. 
188 Ibid. 
189 Saltus, “Crash effort,” 53. 
190 Ibid. 
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• western expansion (e.g., Lewis and Clarks’s mapping 

expeditions), 

• space exploration, 

• rugged individualism, and the 

• frontiers of research. 

 In 1986, the metaphor of mapping was predominant, and 

the metaphor was overarching.  It included every type of 

spatial relationship of the genome possible, from rough 

physical mapping (that is, how close or distant particular 

genes are from each other within a chromosome) to the 

actual sequencing of each gene (that is, the plotting out 

of base components within a gene.)  (See Appendix 1-2 for 

an illustration of different levels (or detail) in gene 

mapping.)  Proponents of the HGP claimed completion of the 

project would result in many different maps, at different 

resolutions or foci, each providing its own set of 

informational benefits. 

Figures 5C and 5D illustrate patterns of positive and 

negative use of metaphoric language, and Figures 5E and 5F 

show patterns of use of metaphors with and without 

testimony before Congress. Although this device (metaphoric 

                                                                                                                                                                             
191 Ibid. 
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Figure 5C:
Enumeration of Use of Positive and Negative Metaphors 1986-1991
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Figure 5D:
Percentages of Positive and Negative Metaphors 1986-1991
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language) is the device most frequently studied in research 

in rhetoric of science,192 metaphors were never predominant 

in the argumentation either for or against establishment of 

the HGP.  Figure 5E demonstrates a numerical rise of use of 

metaphors in the years when there was testimony before 

Congress (1988-1990), but when percents of use of metaphors 

with and without Congressional testimony are compared 

(Figure 5F), there is a slight decrease in use of metaphors 

when such testimony is included. In other words, testimony 

before Congress did not differ much from argumentation 

outside of Congress. 

5.3 Narratives 

In 1986 more arguments were presented in narrative or story 

form than as metaphors or selective word choice.  As seen 

in Appendices 5-1a and 5-1b, most 1986 narratives were in 

support of the HGP.  When looking at specific publication 

sites, Science and The Boston Globe showed

                                                           
192  Two fairly recent studies of scientific metaphor are 
Richard Doyle’s 1997 On Beyond Living: Rhetorical 
Transformations of the Life Sciences and Celeste Michelle 
Condit’s 1999 The Meanings of the Gene: Public Debates 
About Human Heredity. 
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Figure 5E:
Frequency of Use of Metaphors With and Without Congressional Testimony (CT)

1986-1991
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Figure 5F:
Percentage of Metaphors With and Without Congressional Testimony (CT)
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contradictory patterns: 82% of Science narratives were 

negative; 58% were positive in The Boston Globe.  (Since 

Science is more closely allied with the scientific arena 

than is The Boston Globe, this could reflect the greater 

length of time the HGP had been discussed in the scientific 

arena.  The scientist authors had more time to reflect upon 

the potential negative ramifications of the project.)  

Nearly one-half of 1986 Science arguments were narratives, 

as were over one-third of The Boston Globe’s arguments.   

 For 1986 authors, over one-half of the scientist’s 

(Gall’s) arguments were presented as narratives.  All of 

Dulbecco’s (who identified himself as an M.D.) narratives 

were positive, as were eighty-five percent for Gall and 

fewer, sixty-eight percent, for science writers 

(journalistic balance again).  Of the total narrative 

devices used, over one-half were presented in Science.   

Major arguments presented through narrative included:  

• DoE’s expertise or lack thereof to head the genome 

mapping efforts,  

• histories leading up to the 1986 state of genomic 

research, and  

• predictive narratives of the great benefits or great 

harms to come from such research.   
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Prominent in all years of this study were narratives of 

positive impacts of the research on efforts to fight 

cancer, and indeed on all future therapeutics.  All of 

these narratives positioned the HGP within a scientific 

tradition, where the HGP could be seen as further progress 

in a succession of publicly known triumphs. 

The narrative was used more than metaphoric language 

over the six years of this study.  Figures 5G and 5H 

illustrate patterns of positive and negative use of 

narratives, and figures 5I and 5J show patterns of use of 

narratives with and without Congressional testimony. For 

example, one pro-HGP article presented a hypothetical story 

of the impact of future therapeutics developed through 

knowledge of the human genome, 

  the next generation can look forward to  
exciting new tasks that may lead to a  
completion of our knowledge about cancer,193  
 

projecting a potential positive future, while an anti-

project article painted a scenario of misuse of an 

individual’s genomic information: 

  Krimsky said, for example, that if certain  
genes were found to be associated with  
persons or entire families exhibiting  
criminal or aggressive behavior, that  
knowledge might be used to categorize  
people unfairly, even restrict their civil 
liberties.194   

                                                           
193 Dulbecco, “Turning point,” 1055-6. 
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Other articles presented narratives of the steps leading up 

to the then-current state of research, praising major 

private funding organizations such as the Howard Hughes 

Medical Institute, or laying the ground work for support of 

DoE or NIH to administer the program. 

 Figure 5G shows the dramatic rise in the use of 

positive narratives during the years when testimony was 

presented before Congress (1988-1990); negative narratives 

showed a slight increase during the same time.  However, 

when the percentages of use of narratives were compared, a 

very different pattern of use emerges:  positive narratives 

were even more prominent than the negative.  These patterns 

of the use of narratives are repeated even when they are 

viewed with or without testimony before Congress (Figures 

5I and 5J). 

                                                                                                                                                                             
194 Sheldon Krimsky (Tufts Univ. professor, member of the 
Committee for Responsible Genetics) as quoted in Saltus, 
“Crash effort,” 53.  
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Figure 5G:

Enumeration of Use of Positive and Negative Narratives 1986-1991
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Figure 5H:
Percentages of Positive and Negative Narratives 1986-1991
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Figure 5I:
Enumeration of Use of Narratives With and Without Congressional Testimony (CT) 

1986-1991

0

200

400

600

800

1000

1200

1986 1987 1988 1989 1990 1991

N
um

be
r o

f N
ar

ra
tiv

es
 U

se
d

With CT Without CT

 

Figure 5J:
Percentage of Use of Narratives With and Without Congressional Testimony (CT) 1986-1991
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5.4 Selective Word Choices 

Appendices 5-1a and 5-1b and Figure 5B show selective 

word choice as the major rhetorical stylistic device used 

to argue the HGP.195  Figures 5K and 5L illustrate patterns 

of use of selective word choices over time, and Figures 5M 

and 5N show patterns of use of word choice with and without 

testimony before Congress.  In general, selective word 

choice was used to present many more positive than negative 

arguments (Figure 5K).  

 In 1986, careful choice of supportive words and 

phrases was the rhetorical device used in one-quarter of 

the total arguments for the year. Proponents of the HGP 

argued for the need of a crash program and that the time 

was ripe for this effort to devise ingenious and powerful 

methods of research. Opponents argued that the massive and 

                                                           
195 As stated earlier, use of rhetorical devices was 
tabulated by argument, not by the number of superlatives 
added to one argument.  (In other words, even if an 
argument was supported by several superlative words, 
selective word choice was recorded only once.  For example, 
“. . . highly labor intensive . . .” would be counted only 
once, not twice. 
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Figure 5K:
Enumeration of Positive and Negative Selective Word Choice 1986-1991
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Figure 5L: 
Percentages of Postive and Negative Selective Word Choice 1986-1991
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Figure 5M: 
Enumeration of Use of Selective Word Choice With and Without Congressional Testimony 
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Figure 5N: 
Percentages of Use of Selective Word Choice With and Without Congressional Testimony 
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tedious task, rivaling the Manhattan Project in cost, would 

rob smaller research project funds and present immense 

computational problems.196  The possibility of immense 

profits was positioned against the gargantuan effort the 

research would take.197  The project, even though it would 

culminate in intoxicating new techniques,198 would drain 

funding for more urgently needed research.199  Although 

mapping would be an heroic effort, there was no 

intellectual justification for such ill-advised research 

which, in the end, was just bad science.”200 

  But as can be seen in Figure 5L, 1991 showed a 

distinct fall in the number of positive word choices and a 

complementary rise in the number of negative word choice 

arguments.  In fact, the first year (1986) and the last 

(1991) of the study show similarities when compared by 

percentages.  The middle years, the years of Congressional 

testimony, showed an opposite pattern of use. 

 When use of selective word choice is compared with and 

without testimony before Congress, again differing patterns 

emerge.  The total number of arguments using word choice is 

higher when Congressional testimony is counted.  (See 

                                                           
196 Saltus, “Crash effort,” 53. 
197 Lewin, “Proposal stirs debate,” 1598-1600. 
198 Lewin, “Homo sapiens,” 157-8. 
199 Lewin, “Shifting sentiments,” 620-1. 
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Figure 5M.)  However, when comparing percentages of use 

(Figure 5N), except for one year (1990), word choice is 

used more when arguments presented in testimony before 

Congress are not included. 

5.5 Source/Author Confidence 

The authority or believability of a speaker, of faith 

in the truth behind a speaker’s arguments, is important in 

convincing an audience to chose sides in a controversy.  

Especially in 1986, the arguments for and against the HGP 

were coming directly out of the scientific arena, so the 

major “known” names in the debate also came from science.  

Throughout the years studied (1986-1991), science writers 

conducted journalistic research about and interviews with 

major science participants in the controversy, including 

Maxine Singer (National Cancer Institute), and Nobel 

laureates Paul Berg (Stanford University), James Watson 

(Cold Spring Harbor Laboratory), and David Baltimore 

(Whitehead Institute for Biomedical Research). Scientists 

were the major source for the information presented by 

science writers, and the words of these scientists did 

carry great authority.   

Major appeals to authority were references in Science 

to a scientist’s supporting research institution or agency 

                                                                                                                                                                             
200 Gall, “Human genome sequencing,” 1367-8. 
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and personal professional reputation, as well as actual 

publication in the journal itself. 201   In more public 

venues, science writers made constance references to the 

authority of the source scientists. 

5.6 Rhetoricizing the Arguments:  Analysis 

Arguments for and against the HGP originated in debates 

within the scientific community. Particular categories of 

authors relied upon different devices to increase the 

impact of their arguments. The use of rhetorical devices to 

argue the establishment of the HGP had an effect on the 

final form the project took. 

In the first year studied (1986), science writers 

reported tremendous potential health, environment, and 

business benefits that could result from the HGP as well as 

great concern over the ultimate costs of the program.  

(Overall, would the potential benefits outweigh the cost?) 

They showed great respect for the scientists who would 

actually work on the project, but they questioned how the 

program was to be administered, either separately by NIH or 

                                                           
201  From personal experience on the editorial staff of a 
professional journal (The American Journal of Psychiatry), 
I know that not all unsolicited (non-staff written) news 
articles and certainly not all letters to the editor 
received are printed.  Even though news articles and 
letters are not subject to rigorous peer review, they do 
have to pass a high level of scrutiny for relevance before 
publication. 
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DoE or jointly.  They lauded the long-term potential to 

emerge from the project and questioned the ultimate goals 

of the entire program and its central metaphor.  For 

example, did the term “mapping” include sequencing or 

represent solely physical genome maps? 

In the time period covered by this study, narratives 

argued the positive and negative potential impacts on 

funding, especially impacts of a program that might co-opt 

money that could be used by other more basic biological 

research inquiries.  Narratives also presented history of 

biology of the twentieth century, from the first 

explication of the structure of DNA to competition over 

funding between the NIH and the DoE and the credentials of 

each institution for spearheading the project.  Again, 

scientific authority was represented through the use of 

well-known scientists as sources for the information 

presented by science writers.  

Figures 5G and 5H illustrate the patterns of use of 

narratives 1986-1991.  Post 1987, the rhetorical devices 

retained the relationship of word choice the highest 

percent usage (45% of all arguments for the six years 

studied), followed by narratives (35%), with metaphors 

least used (19%).  As metaphors became known and gained  
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strength, they could be used less blatantly, and other 

devices became predominant.  

The pattern for use of rhetorical devices changed over 

time both between and within sources (places of 

publication) of arguments.  Changes also occurred in the 

pattern of rhetorical devices use by author.  As has been 

seen before, the years of testimony before Congress (1988, 

1989, 1990) saw a leap in the number of arguments 

presented.  Scientists presented 95% of their total 

arguments in those three years.   Politicians were not 

major authors before the start of Congressional testimony 

in 1988.  During the years of Congressional testimony 

(1988-1990) they made 99% of all of their arguments.  

Only positive applied vs. basic science arguments 

(a/b+) and positive medical, social, and scientific benefit 

(mss+) arguments showed a higher use of narratives rather 

than selective word choice.  

The arguments that actually were used most often and 

persisted in the public arena were those that highlighted 

the benefits and risks of having the project headed by 

well-respected Federal institutions, the NIH and/or the 

DoE.  The audience for this study, members of Congress, 

already knew representatives from these institutions 
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through appearances before committees and subcommittees 

debating budgetary and policy matters.  

Metaphors.  At first glance, Figure 5C illustrates a 

great increase in the numbers of positive metaphors used 

during the years of testimony before Congress, but changes 

in patterns of use show little change when the percentages 

of total number of metaphors utilized are compared by year 

(Figure 5D). 

Often the other rhetorical devices built upon a 

platform of understanding established by an underlying 

metaphor, thus obviating the need to continually verbalize 

the metaphor itself.  Even for arguments which were 

presented with the use of narratives and selective word 

choice, an underlying metaphor can usually be discerned.  

The actual metaphors to support or condemn the creation of 

the HGP were powerful because they showed persistence over 

time.   

It is interesting that the actual metaphors used over 

the entire timeframe of this study changed very little.  No 

major new metaphors were introduced:  all that were used 

were manifestations of those in use in the first year, 

1986.  

Already in 1986 there were rumblings of some 

disagreement over the meaning of the mapping metaphor. At a 
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1986 Cold Spring Harbor Laboratory symposium202 in June and 

a Howard Hughes Medical Institute meeting in July, David 

Botstein, among others, voiced opposition against “mindless 

sequencing.”203  This opposition would develop into the 

applied vs. basic science argument presented in all six 

years of this study. The opposition questioned whether or 

not we should target maps to known, disease-causing genes 

before or at the same time as the sequencing of the entire 

genome, including sections of the DNA with no known 

function.  The argument also grew to include comparing the 

strengths and weaknesses of the two possible lead Federal 

agencies: the DoE and the NIH. Big vs. little science 

arguments contended that the DoE, already accomplished at 

funding and administration of big science projects 

(although mostly in the physical sciences) and the 

development of technology to meet research needs, was an 

obvious lead agency for sequencing.  NIH, with its 

strengths in funding researcher-originated biological 

research was already overseeing smaller, less-ambitious 

genome projects, and did not appear to be interested in 

expanding into big science projects. Different expressions  

 

                                                           
202 The symposium was entitled “The molecular biology of 
Homo sapiens.” 
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of this discontent were present throughout all of the six 

years studied.   

By the time the two agencies signed a Memorandum of 

Understanding in the fall of 1988, the focus of the 

proposed HGP had shifted from rote sequencing to 

predominantly physical mapping because a consensus was 

reached that sequencing, without the development of new 

technologies to make the process faster and less expensive, 

was not feasible at the time.  Although some sequencing 

projects previously planned for the HGP would continue on a 

small scale, concentrated and large-scale projects were 

deferred until the necessary supporting technology was 

developed.204 However, the use of the metaphor itself showed 

little alteration.  The promised benefits associated with 

the metaphor, many of which could be achieved only after 

sequencing as well as mapping, remained, to many, part of 

the true meaning of mapping.  

Because of this change in focus away from sequencing 

and DoE’s proven strengths in technology development and 

administration of big science projects, the appeal of the 

NIH program proved superior to those of big science-

                                                                                                                                                                             
203 Cook-Deegan, Gene Wars, 354 
204 In the years after the project was funded, sequencing 
time was reduced and cost was lowered significantly, and 
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oriented  DoE. Instead of the DoE proposed model of one or 

two central dedicated laboratories, preferably in extant 

DoE facilities, the HGP was planned for many smaller 

centers dispersed throughout the country.  This allowed 

greater autonomy for each center.  Such greater autonomy is 

more closely related to the metaphor of rugged independence 

of Western expansion and exploration associated with the 

HGP.205  NIH would concentrate its experience in funding and 

administering smaller-scale biological research, with DoE 

working most on its strengths of development of new 

technology to reduce the speed and costs of sequencing.   

The metaphors of exploration, of excitement in 

discovery, and the rugged American individual explorer also 

underlined the wisdom of the switch of program focus from a 

wide to a narrower scale.  The imagery of the individual 

hero scientist (no matter how current science was conducted 

in reality) was supported by the animated testimony of 

individual scientists, especially Nobel Laureate James  

                                                                                                                                                                             
eventually the project focus shifted to support more 
sequencing activities. 
205  DoE research labs tend to be large institutions with 
top-down authority.  NIH’s pattern of more numerous and 
smaller cooperative research groups located all over the 
country allowed greater autonomy for the individual 
researcher. 
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Watson, and the entire mythology of individual exploration 

of the great unknown.206  According to testimony by Robert 

Cook-Deegan, 

 Congress now faces choices about  
exploring the genetic frontier similar  
to those faced over a century ago about the 
opening of the American West.207 

 
In contrast, negative metaphors avoided the coarser 

and inflammatory imagery of Frankenstein-like individual 

scientists, concentrating instead upon ties to eugenics 

programs. This proved to be a miscalculation.  With the 

rise of controversy over genetic engineering during the 

same time frame, one of the most powerful antibiotechnology 

metaphors was, in fact, of Frankenstein, the scientist who 

interfered with the “natural” order of humanity.  The 

                                                           
206 In the Rhetoric of Science, Alan Gross relates critiques 
of Watson’s The Double Helix as following folklore 
patterns.  According to Jacob Bronowski (1986, “Honest Jim 
and the Tinker Toy Model,” review of The Double Helix by 
James Watson. Nation 206:381-382), the book is “a classic 
fable about the charmed seventh sons, the antiheroes of 
folklore who stumble from one comic mishap to the next 
until inevitably they fall into the funniest adventure of 
all:  they guess the magic riddle correctly.”  (Quoted in 
Gross, Rhetoric of Science, 60.)  Gross claims “Watson’s 
choice of this underlying pattern from fairy tales, and his 
reliance on its psychological force, are deliberate devices 
designed to recreate the state of mind of a young scientist 
caught in the swirl of his own feelings and the strong 
currents of an exciting time” (60-61). 
207 Robert Cook-Deegan, April 27, 1988 hearing before the 
Subcommittee on Oversight and Investigations, Committee on 
Energy and Commerce, 100th Congress, 2nd Session.  (Cook-
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arguments of eugenics were powerful, but these seemed to 

resonate with the public only when applied to recent 

memories of German atrocities in the Second World War.  

Congressman Harris W. Fawell stated: 

  I guess I was thinking of such things as 
  the Nazi regime, how they would diabolically 
      use such information to create what they think  
  is a super race.208 
 
Congresswoman Constance A. Morella spoke of fictional  
 
accounts of forced genetic selection: 
 
 

                                                                                                                                                                            

 I remember when "Brave New World," by Huxley,  
  which he wrote in '32, really seemed like  
  science fiction, and now you could produce  
  the alpha, betas, gammas, deltas and epsilons  
  and so many of the other genetic engineering  
  facets of it.209 
 
Americans seemed to have selective memories, which ignored 

their own home-grown eugenics programs early in the 

century. 

 Metaphors of reading the genome were also very strong.  

If the genome could be read, then the information was 

there, waiting for an interpretation.  If it was there, it 

was provided for humankind to decipher.  It was not an area 

of study denied to anyone.  Great benefits would accrue to 

 
Deegan spoke as Director of the OTA’s project report 
Mapping Our Genes.) 
208 Rep. Harris W. Fawell, speaking at the Oct. 19, 1989 
hearing before Subcommittee on International Scientific 
Cooperation, Committee on Science, Space, and Technology, 
U.S. House of Representatives, 101st Congress, 1st Session. 
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the person or persons able to decipher the blueprints, to 

read “the book of man.” The genome was not an esoteric 

mystery; it was information waiting to be read.  To the 

public, including most members of Congress, the twentieth 

century was a century of scientific progress, of the 

procurement of useful knowledge. Adequate funding, 

concentration, and hard work had paid off before with 

increased mastery over knowledge of what it means to be 

human.  According to Congressman Ralph M. Hall, with this 

metaphor, the future could hold no less promise: 

having a blueprint of the human genetic 
structure, the objective of the human genome 
initiative, certainly should help us discover the 
basic causes of genetically related diseases.... 
This, in turn, could lead to thousands of new 
pharmaceutical products for treating these 
diseases, and all of it goes hand in hand, I  

  think, with our exploration of space; it goes  
  in so many different directions that it is   
  difficult to map them....  In  
  fact, some observers refer to the project as  
  the 'Holy Grail' of genetics.210 
 
 

                                                                                                                                                                            

The metaphor of gamesmanship, of competition, was also 

very powerful.  Based on this metaphor, the rewards would 

go to the winners, and winners of this genome game would be 

the most accomplished in cracking the code, in solving the 

puzzle.  This metaphor also pitted DoE against NIH in vying 

for position as lead agency to oversee the program. Even 

 
209 Rep. Constance A. Morella, ibid. 
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though DoE was the first to propose the large Federally 

funded genome project, and even though the two agencies 

signed an agreement to share funding and resources for the 

project, once the project refocused on mapping instead of 

sequencing, NIH was seen as the “winner” with the 

establishment of its Office of Human Genome Research, with 

James Watson as associate director of NIH to lead it.  DoE 

did not exit the “game,” however; it concentrated on its 

strength in new technology development.211  

In the spirit of gamesmanship, it also was only right 

that winners should be rewarded for their efforts, and if 

it supported such a program, the U.S. did not want citizens 

of other countries to be the first to reap the profits.  

Threats of foreign competition became increasingly 

important in the years studied.  However, this particular 

metaphor proved to have the unique ability to change 

orientation.  At first the possibility of foreign genome 

research projects was seen as both positive towards the 

establishment of the project (“we can’t let another program 

displace the U.S. as pre-eminent in genome research”) and 

negative: 

                                                                                                                                                                             
210 Rep. Ralph M. Hall, Chair of subcommittee, ibid. 
211 DoE successes in new technology development led within a 
few years to a new program focus which did include 
sequencing. 
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  ...but our European and Japanese competitors  
  are coming on strong.  We must make sure that  
  the United States does not end up paying for  
  the basic research while the competition collects 
  all the profits.212 
 
Later the metaphor presented an almost overwhelmingly 

positive argument, especially when used by scientists:  

• competition leads to better more, exact science;  

• to be of value, information needs to be widely shared; 

and 

• with widespread cooperation, scientific colleagues 

have less opportunity or less need to be secretive 

about research results. 

• other countries could cooperate in some of the more 

boring, repetitious sequencing work, saving the U.S. 

time and money. 

It is interesting that in Congressional testimony, the 

one witness whose arguments were almost universally 

negative was a lawyer discussing implications of patenting 

genes,213 foreshadowing the storm of controversy over  

                                                           
212 Senator Ernest F. Hollings, speaking at the Nov. 9, 1989 
hearing before the Subcommittee on Science, Technology, and 
Space, Committee on Commerce, Science, and Transportation, 
U.S. Senate, 101st Congress, 1st Session. 
213 Patricia King, Professor of Law, Georgetown University 
Law Center, ibid.  Dr. King was also member of the NIH’s 
Ethics Working Group which soon became the NIH’s Ethical, 
Legal, and Social Implications (ELSI) program. 
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ownership and patenting of the human genes that would break 

soon after the ending point of my study in 1991.214   

For the first four years studied (1986-1989), the 

number of metaphors used increased. This increase is a bit 

misleading since the total of arguments also increased and 

decreased following the same pattern.  Within Congressional 

testimony, metaphoric language was used most by scientists.  

Use by this category of author is reasonable: metaphors are 

a tool that can be used to translate scientific information 

into material that can be related to a non-scientist’s 

experience and knowledge.  (See Bormann’s rhetorical 

triangle, Chapter 2.) 

Narratives.  Narratives often grew out of a first 

presentation of a strong metaphor.  Such narratives are not 

new to science.  In fact, James Watson characterizes his 

own Double Helix as a story conveying “the spirit of an 

adventure.”215  Most human genome narratives outside of 

Congressional testimony were presented by science writers 

and politicians, whereas scientists presented most 

narrative Congressional testimony.   

 

                                                           
214 In the end, this would cause the resignation of James 
Watson from head of NIH’s HGP over disagreements concerning 
gene patenting with then NIH Director, Bernadine Healy. 
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Both those who supported and those who opposed the 

creation of the HGP had a story to tell, a scenario of 

establishment of the program followed by inevitable 

consequences.  Proponents of the program foresaw many 

medical, social, and scientific benefits for the future.  

Funding would become greater for science projects as the 

results gave scientists new tools in fighting disease.  New  

information would expand exponentially.  Progressive U.S. 

science would continue to vanquish disease.  Opponents of 

the program foresaw wasted time and money, spent on a 

program of bad science. They saw destruction of NIH’s 

successful research granting program.  They predicted a 

problem attracting young researchers because of the boredom 

of jobs doing repetitive sequencing.  

Selective Word Choice.  Descriptive and colorful word 

choices, in particular descriptive adverbs and adjectives, 

can make superlatives out of both positive and negative 

arguments: an immense store of information valuable to U.S. 

science and medicine216 vs. sequencing as “highly labor 

intensive.”217  Outside of Congressional testimony, most  

                                                                                                                                                                             
215 As quoted in Gross, Rhetoric of Science, 61.  Also see 
footnote 206. 
216 H. M. Schmeck, Jr. (1988).  “Momentum Builds to Map All 
Genes,” New York Times (Aug. 25): B28. 
217 From NRC’s  Mapping and Sequencing the Human Genome. 

 158



word choice devices were used by science writers, followed 

by scientists, and then by politicians.   

There was a rise in number of negative arguments 

presented using word choice in 1990 and 1991.  This is due 

mainly to the last-minute negative campaign by scientists 

Martin Rechsteiner (University of Utah) and Michael Syvanen 

(University of California, Davis).  The positive arguments 

using selective word choice for these years generally 

illustrate a reaction and reply to the negative campaign 

and praise for the potential of the newly-established Human 

Genome Program. 

Source/Author Confidence.  An audience can be 

partially predisposed for or against a particular author or 

source because of the faith or trust it feels it can invest 

in an author or source. It is difficult to judge the depth 

of such predisposition on a public audience such as members 

of Congress, although evidence does exist to support this 

contention: 
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 We complain a lot about our jobs here  
in the Senate, but one of the privileges  
we have is to be able to listen to a Nobel  
prize winner [James Watson].218 
 

Outside of Congressional testimony a great deal of 

argumentation was carried out in the boundary between 

professional science and the public in the pages of 

Science.  Science, read by members of Congress (or, more 

likely, their science staffs), presented the credentials of 

the particular scientist(s) being interviewed.219  Authors 

of letters to the editor in Science must follow the 

scientific practice of identification of research 

laboratories and universities where the scientists conduct 

their work.  But despite their fame within the scientific 

community, many of the scientist interviewees and or 

respondents were unknown to the members of Congress.  

However, to appear before Congress requires an invitation 

to speak, and Congressional testimony reflected some 

confidence in the opinions of the testifiers.  Often they 

were representing their professions or institutions and 

were invited by members of Congress to testify based on 

faith in the viability of the professions they purported to 

                                                           
218 Senator Larry Pressler, in Nov. 9, 1989 hearing before 
the Subcommittee on Science, Technology, and Space, 
Committee on Commerce, Science, and Transportation, U.S. 
Senate, 101st Congress, 1st Session. 
219 See Bazerman’s Shaping Written Knowledge. 
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be representing, not on the trust members of Congress and 

their staff members held in the veracity of any one  

particular individual.  However, this was not the case for 

two groups of individuals who testified:  

• Nobel laureates (such as James Watson) whose 

credentials were known to and respected by nearly all, 

and  

• representatives of various Federal agencies who were 

frequent testifiers before Congressional committees and 

subcommittees and so were also already known to members 

of Congress (e.g., James Wyngaarden, Director of NIH).   

After the project had the favorable attention of Congress, 

invitations to speak were definitely weighted towards 

favorable comment, and members of Congress verbally 

attacked comments viewed as negative. After mildly negative 

testimony on the project by Bernard Davis (Department of 

Microbiology and Molecular Biology, Harvard Medical 

School), Senator Pete Domenici replied:   

But I am thoroughly amazed, Doctor, at  
how the biomedical community could oppose  
this project.  I am absolutely amazed at  
how you could do that. . . . I cannot  
conceive that this small amount of money  
for this project over the next five years,  
$200 million a year, could conceivably be  
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opposed by the biomedical community of this 
country. . . . I cannot believe that you  
are going to insist on business as usual in  
this field.  It is beyond my comprehension,  
I repeat, beyond my comprehension.220   

 
Some testifiers were aware of and used their authority or 

reputation to propel their positive agenda. In several 

cases, James Watson rejected negative comments on the 

project from other scientists well-versed in the field--and 

kept silent when others favorable to the project misspoke 

or presented (at best) misguided scientific views.  For 

example, George F. Cahill, Jr. (Treasurer, HUGO and Special 

Assistant to the President, HHMI) stated that:  

the science is moving so fast now that in  
a few years, I’m pretty well give you a  
good bet that we’ll be able to say, “Look,  
this guy’s half Finnish, half Italian,” or 
“there’s so much Oriental blood in this 
individual.”221 
 

The use of rhetorical devices to argue the 

establishment of the HGP had an effect on the final form 

the project took.  Metaphoric language, although generally 

used less than narrative or word choice devices, provided 

the underpinning of all arguments, both pro and con.  In 

                                                           
220 July 11, 1990 hearing before the Subcommittee on Energy 
Research and Development, Committee on Energy and Natural 
Resources, U.S. Senate, 101st Congress, 2nd Session. 
221 Testimony in Oct. 19, 1989 hearing, Subcommittee on 
International Scientific Cooperation, Committee on Science, 
Space, and Technology, U.S. House of Representatives, 101st 
Congress, lst Session. 
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particular, the mapping metaphor proved strong enough to 

emerge intact and virtually unchanged by redirection of the 

proposed program’s research goals. The metaphor still 

carried an assumption of benefits that would only accrue 

once both mapping and sequencing were concluded.  Those who 

favored the HGP profited from this because the metaphor’s 

use allowed claims of all of the benefits that would accrue 

only from a more extensive, inclusive, and expensive 

program.   

Narratives are another way humans sort through new and 

complicated knowledge, and scientists are comfortable and 

familiar with this style of argument.  Presentations before 

Congress frequently took the form of scenarios (stories) of 

future benefit and risk.  Again, basing these narratives on  

strong positive metaphors practically assured a favorable 

response.   

Word choices such as immense, ingenious, gargantuan, 

and powerful magnified the value of the stories and 

metaphors. Appeals to respect for science overall and 

individual scientists in particular could favorably 

predispose a non-scientist audience to at least favorably 

consider the affiliation of that scientist in the debates.  

Used together, these three rhetorical devices greatly 

magnified the reception the arguments for and against the 
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HGP received by its most appropriate audience, members of 

Congress who were to vote whether or not to create the HGP 

itself. 
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CHAPTER 6 
SOFTENING THE BOUNDARIES AND NEGOTIATING THE SCIENCE 

 
"Rhetoric, understood as the study of  
and valuing of particularized, situated  
human discourse, has the possibility of  
opening up new vistas in interdisciplinary 
research on issues of great social import  
to our species and planet.222 
 

My study is an inquiry into the establishment of the 

Human Genome Project (HGP) as a part of U.S. science 

policy. For the major objective of this case study, I 

reveal some of the rhetorical mechanisms which can 

influence the success or failure of a proposed science 

program.  Through both qualitative and quantitative 

methodology, my research uncovered the major arguments 

presented both for and against establishment of the 

project.  Although there are too many variables involved 

for any study of influence to be definitive, my research 

scrutinized the major rhetorical devices (metaphor, 

narrative, selective word choice) used to present these 

arguments, determining which arguments and devices were 

most influential (or, at least, most persistently and 

effectively utilized) in establishing the program as a 

fully funded part of the national research agenda.  In 

addition, I introduced a new analytical tool (see pages 11-

14, this chapter), a ranking instrument to determine 
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potential credibility of the source or author of any 

particular scientific argument.  

In this dissertation I demonstrate how 

interdisciplinary theory and research strategies can 

profitably be applied to the study of the rhetoric of 

science policy.  No study of influence, especially the 

influence of the protean quality of language, can be 

specifically tied to only one particular causal agent or 

agency.  However, I analyze the major, persistent arguments 

that were used in the debate over the formation of the HGP 

and the rhetorical devices that were used to present these 

arguments.   

The project was established in FY1991: argumentation 

in favor of the establishment of the HGP was successful.  

As seen in Chapter 4, the most persistent positive 

arguments (arguably the most successful) dealt with the 

medical, social, and scientific benefits and/or risks that 

potentially would arise from the project. By comparing 

argumentation patterns and the historical record of the 

HGP, I demonstrate that early in the public debate, 

questions carried over from the scientific arena about 

applied/basic and big/little science ramifications 

influenced the project’s proposed goals and administrative 

                                                                                                                                                                             
222 Condit, Meanings of the Gene, 127. 
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structure. I also show that for the most appropriate 

audience for the arguments, the members of Congress voting 

on whether or not to fund the project, the reputation of 

the author of an argument was another crucial factor that 

had a great effect in influencing important political 

allegiances, pro or con.223 

In Chapter 5, I analyze the rhetorical devices that 

were used, whether consciously or unconsciously, to present 

the arguments to magnify their impact.  While most 

interdisciplinary study of science rhetoric centers on 

metaphoric language, I found that to be the device least 

relied upon in this case study.  I conclude that the 

extremely strong mapping metaphor, frequently used early in 

the public argumentation, captured audiences’ imaginations 

and was present, even though much less blatantly, even when 

                                                           
223 Although never stated explicitly, a reading of 
transcripts of testimony before Congress reveals the 
reverence shown Watson.  In testimony Senator Pete Domenici 
said of Watson: “The National Institutes of Health very 
recently put in charge of this program an eminent 
scientist.  I happened to read the book of his early 
activities in England and in the United States which got 
him the Nobel--the great awards. . . . So I invited him up 
to talk to me and I must say that from that point on, which 
is a little less than a year ago, I am now a fan.”  
(Testimony in Nov. 9, 1989 hearing before the Senate 
Subcommittee on Science, Technology, and Space, Committee 
on Commerce, Science, and Transportation, 101st Congress, 1st 
Session.  Perusal of the history of the HGP reveals the 
lack of respect received by Martin Rechsteiner (see 
footnote 243). 
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narratives or selective word choice were the rhetorical 

device of choice. 

In addition, I introduce a rating scale for the level 

of credibility an audience could have in a particular 

argument source/author.  While this instrument is still 

crude, I suggest ways that it can be refined to be used in 

science policy study. 

No template for the proposing of science policy can 

assure victory.  But I demonstrate that there are certain 

rhetorical strategies that cannot be ignored without 

imperiling an author’s goals.  Careful attention to 

argument timing, audience analysis, and choice of 

rhetorical devices cannot assure success, but lack of 

attention to these can defeat even sound arguments. 

6.1 Summary of Results 

 Chapter 4 details the major arguments presented as the 

debate over the HGP first moved out of the scientific arena 

into the public arena.  This move occurred because genome 

research is extremely expensive and labor-intensive. Only a 

large, federally-funded initiative seemed to be capable of 

accomplishing the program’s goals with any degree of 

efficiency.  (At the time, private ventures were not yet 
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set up to tackle such a massive program.224)  The Congress 

determines funding of scientific-program budgets out of a 

finite amount of money.  With the official--and fiscal--

support of Congress, funded scientific programs become part 

of national science policy.  Unfunded or underfunded 

programs have to be constantly reintroduced before Congress 

to have any chance of achieving adequate funding and 

official program status.   

The holders of the federal purse-strings are the 

members of Congress who decide federal agency budgets and 

thereby determine the form and direction of federal science 

policy. While animated internal scientific discussion over 

the creation (and then oversight) of the HGP did occur, 

these debates were destined to have little to no influence 

if they remained unknown to the only crucial audience for 

the arguments, members of Congress who would be voting on 

funding. 

 The first arguments in 1986 concerning the HGP to come 

to Congressional attention were presented in news articles, 

announcements, and letters to the editor in Science and in 

The Boston Globe.  Science is also a favored forum for a 

                                                           
224 This did change: as sequencing became cheaper and 
faster, private research companies joined the efforts, as 
is reflected in the Feb. 15 2001 Nature issue devoted to 
the “completion” of the mapping of the human genome. 
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strictly scientific exchange of ideas, and the majority of 

scientific articles in the magazine are beyond the 

understanding of most of the non-scientifically trained 

public (including most Congressmen and their staffs). But 

written in a language accessible and understandable to the 

public, news articles reported on scientific meetings that 

discussed early concepts of the project, as did letters to 

the editor regarding human genome research.  These sources 

were available to the Congressional public as shown by 

reference to such articles in The Congressional Record and 

even in letters-to-the-editor in Science written by members 

of Congress themselves. 

The Boston Globe is the home-town newspaper for 

Senator Edward Kennedy, a major player in the budget 

debates in the Senate.225  Richard Saltus, science 

journalist for The Boston Globe wrote the first non-Science 

article introducing the topic of the HGP.  Intrigued by the 

debate occurring within the scientific community, Saltus 

translated for the public the scientific jargon from 

scientific meetings, and he conducted interviews with 

                                                           
225 Although the Senate is not the primary budget decision 
making body of Congress, bills approved in the House also 
must be voted upon in the Senate.  Senator Kennedy’s highly 
public political profile and his support for the program 
added greatly to the strength of support for the 
establishment of the HGP. 
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scientists to discuss the potentials of human genome 

research.  As one of the first to introduce the HGP to the 

public, his initial article set the stage for the following 

public and political discussions. 

 The major arguments that were presented to the public 

when the topic first received public scrutiny included 

arguments of  

a) the immense medical, social, and scientific benefits or 

risks that would be incumbent upon such a program.   

In addition, support and opposition were voiced for the 

effect such a program would have on the way science was 

conducted in the U.S., both  

b) in the imposition of such a big science project on 

biological research, heretofore conducted modestly on 

the basis of grants awards in a peer review process to 

individual researchers, and  

c) the potential of such a project to alter the balance of 

applied vs. basic research.  

In addition, at a lower but still significant rate, authors 

expressed concern about international competition for 

control over human genome research and the potential loss 

of first-rights to benefits to come out of the project if 

the U.S. was not involved. Also discussed at a lower rate 
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were arguments evaluating the study of the genomes of other 

species. 

 The major rhetorical devices used to present these 

arguments were identified.  These were the  use of a) the 

narrative structure, that is, putting unknown information 

into a more familiar context of story telling; b)  

metaphoric language, the comparison of a known object or 

concept with an unknown; and c) selective word choice to 

strengthen and/or magnify the effect of an argument, 

whether for or against the establishment of the project. 

The other major rhetorical device studied here was the 

credibility that an audience could attribute to the author 

or source of an argument.   

 As the debate over the project gained strength in the 

public arena (Chapters 4 and 5), some of the dynamics of 

argumentation and use of rhetorical devices altered but 

little and some showed interesting changes.  For the most 

part, arguments over possible effects on applied vs. basic 

biological research in the U.S., while important at the 

start in Science (the publication closest to the scientific 

community), proved to be of much less interest to the 

public.  Appearances of this argument were negligible in 

other more public-directed  primary sources.  The impact of 

a big science project on traditional small science-oriented 
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biological research in the U.S. received more public 

attention than applied vs. basic science arguments, but 

this can be largely attributed to the fact that public 

arguments, even in the beginning, were oriented towards 

funding and budget concerns.  This argument apparently held 

slightly different connotations to scientists and the 

Congressional public.  Big science was (and is) expensive, 

and concerns of scientists predominantly centered on the 

idea that big science projects would change current funding 

patterns for research in the U.S.  Concerns of members of 

Congress predominantly centered on getting the best return 

from expenditure of limited public funds. 

The majority of attention, both scientific and public, 

concentrated on potential medical, social, and scientific 

benefits and risks.  In the first years of public attention 

outside of the scientific arena, there was a near euphoria 

concerning possible benefits, and the majority of negative 

arguments were presented in the more scientific sphere of 

Science. However, the discussion had been conducted for a 

greater length of time in the scientific arena, and as the 

first euphoria of proposing a new scientific initiative 

dwindled there, more prosaic and negative matters began to 

be noted and raised.  The same thing happened (but later) 

to public discussions.  As the public debate over the 
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establishment of the HGP progressed, authors expressed more 

and more concern for potential risks associated with the 

use that would be made of the information that would arise 

from the project.  However, James Watson’s proposal for the 

creation of the ELSI program (1988), setting aside a 

percentage of the entire funding for the project to address 

just such risks,226 diminished the strength underlying many 

of these negative questions. 

  Much early disagreement with the HGP lost steam when 

the proposed goals of the program were narrowed to 

concentrate on mapping, delaying concentration on 

sequencing until technology had caught up with research 

needs.  Several years later, all of the negative arguments 

increased again just before the program achieved 

Congressional approval, with the active anti-Human Genome 

Program campaign started in late 1989 and early 1990.  

However, this campaign had little impact on Congressional 

decisions.  For the most part, scientists conducted it 

mainly within the scientific community, aiming arguments at 

an audience of fellow scientists.  It also had a 

strategically late start, gaining force as many of the  

 

                                                           
226 Little can be discerned about whether ELSI was at least 
in part motivated to placate just such concerns over 
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target audience in Congress had already publicly chosen 

allegiance to the program itself.227 

 Arguments concerning foreign competition for genome 

research (included here under the heading of “other” 

arguments) were most prevalent in Congressional testimony, 

where Congress needed to contradict the appearance of the 

U.S. spending large amounts of public dollars to fund a 

program administered by another country and where another 

country’s interests would be primary over U.S. interests.  

However, this argument illustrated a protean quality.  In 

the first place, most scientists testifying before Congress 

contended that wide-spread access to genetic information 

would only increase the speed of information gathering and 

lower the cost of such research.  Arguments that the U.S. 

should not appear to support foreign interests were 

reversed by claiming that a substantial U.S. financial 

commitment would assure that control of research and that 

resulting benefits would still reside with the U.S.  What 

potentially could have been considered a negative argument 

was thus turned positive. 

 

                                                                                                                                                                             
potential risks.  See footnote 31. 
227 It is a political reality that once a politician 
publicly commits to a particular program, it is extremely 
difficult for that politician to withdraw support later. 
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The major rhetorical device used to argue both for and 

against creation of the HGP was the narrative.  The 

narrative gives structure to the chaos of new ideas and 

information.  The argument most used involved medical, 

social, and scientific benefits and risks to arise from the 

project.  In medical science, the case study (a form of 

narrative) is a familiar stylistic tool.  The narrative is 

also a familiar structure in scientific and sociological 

articles where it is used to present the conduct and 

results of research.  Much Congressional testimony is 

filled with anecdotes and stories.  The narrative gives 

structure and boundaries and therefore some mastery of, or 

control over, new ideas.  

However, it is surprising that the device of the 

metaphor was not more prominently used. The rhetorical 

device most studied in rhetoric of science is metaphorical 

language.  But for the HGP, though used less frequently, 

the metaphor showed some of the most interesting changes.  

Metaphoric references to language (reading, blueprints, 

Bible of biology, libraries, dictionaries, etc.) abounded 

and were so powerful that they virtually went unchallenged 

by those opposed to the project itself.  This language 

metaphor presents powerful positive images, and when 

negative arguments were presented that used this metaphor, 
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part of the strength of the negative arguments was lost.  

Gaming metaphors, while potentially negative with frivolous 

connotations, were never attacked as such by the 

opposition.  They retained the positive connotations of 

challenge and puzzle solving.  The most powerful metaphor, 

exploration and mapping, appealed to the American mythology 

of the freedoms and rewards of Western expansion and the 

romance of exploration and discovery.  This imagery was 

heavily used (even overused).  As reported in the Journal 

of the American Medical Association (JAMA): 

 500 years ago, a host of navigators  
were competing for Columbus’ commission.   
Today, a good portion of the scientific  
community is vying for the same kind of 
opportunity--a government-funded exploration  
that should produce the ultimate map.  In the  
15th century, the map was to be of the world.   
In the 20th, it’s to be of the human genome.228 
 

 At the start of the public debate, mapping was an all 

inclusive metaphor that covered genetic linkage and 

physical mapping of the genome as well as what were called 

sequence maps, complete readings of the sequence of the 

basic A, C, G, T components of the genes.  Even when the 

scientific meaning of the term “mapping” in relation to the 

HGP was later reduced to exclude sequencing, the metaphor 

                                                           
228 B. Merz, (1988)  “Senate committee sees NIH/DOE 
partnership in genome project.”  Journal of the American 
Medical Association, (Jan.): 15-17. 
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retained the earlier meaning in public settings, as 

evidenced in benefit claims presented later in the debate-- 

benefits that could eventually result only from the 

accomplishment of both mapping and sequencing.229  The 

metaphor also exhibited strength in the usage of the term 

to describe or label particular scientific techniques.  The 

metaphor was simultaneously both metaphor and practice.  In 

a close perusal of arguments presented with narrative or 

word choice devices, it was apparent in these instances 

that the word “mapping” was used for the practice of 

mapping.  But each utterance of the word also invoked the 

accompanying metaphor even when the word was not used as a 

metaphoric device.  Thus while metaphors showed a lower 

than expected percent of use as a deliberate device, the 

other devices often relied upon the underlying (even if 

unstated) central metaphor. 

 

 

                                                           
229 Of course, this can be explained by a lack of knowledge 
on the part of the public audience of what was required to 
achieve these benefits.  For example, according to Senator 
Pete V. Domenici, mapping the human genome “promises 
revolutionary advances in medicine as well as providing a 
strong boost to the young American Biotechnology industry.  
[There is] the potential for human genome mapping efforts 
to increase the quality of human life.”  Testimony in July 
11, 1990 hearing, Subcommittee on Energy Research and 
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6.2 Measurement of Source/Author Confidence 

The database for this study incorporates information 

to ordinally rank the confidence or credibility an audience 

could invest in the author or source of a particular 

scientific argument.  (See Chapter 3.)  I created a simple 

formula230 to quantitatively rank the credibility a lay 

audience could accord to the source or author of a 

particular argument.  This ranking took into consideration 

the length of the primary source in which the argument 

appeared,231 the place of publication (the type of 

publication and intended audience), and the category of 

author for the source. The credibility rankings over time 

for positive and negative arguments are shown in Table 6-1 

and for each rhetorical device in Table 6-2.  

In summary, most positive and negative arguments 

showed a fairly tight grouping of ranking results, with 

little variation.  For example, positive arguments in 1988 

                                                                                                                                                                             
Development, Committee on Energy and Natural Resources, 
U.S. Senate, 101st Congress, 2nd Session. 
230 The ranking numbers for length of the source, author, 
and place of publication were summed and then divided by 
the total number of arguments, resulting in a simple 
ordinal ranking as an indicator of the credibility of the 
author and source of the argument. The higher the ranking 
number, the greater the degree of credibility. 
231 This was recorded as page length, but the measurement 
was based on the approximate number of words of any source 
that would fill one page of the first source studied, 
Science. 
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appeared in sources with a credibility ranking of 9.9, 

while negative arguments scored 9.5.  This ranking is for 

the combined source and author of primary sources, not for 

individual arguments.  However, even though there was a 

wide difference among the arguments presented in any given 

year, if individual arguments are ranked with their source 

and author credibility, argument credibility rankings 

reflect to some degree the focus or lack thereof by authors 

and sources for a given argument.  Higher rankings reflect 

greater or more persistent attention paid to the argument 

by a higher ranking (greater credibility) author or source.   

This argument ranking showed a great deal of 

variability, but there is an interesting trend for the 

credibility ranking for the use of metaphors.  For the 

first two years of this study (1986-1987), the ranking for 

metaphors was lower than for narratives.  But metaphor 

ranking rose in following years, reflecting the growing 

familiarity with the central metaphors to the public and 

the growing and underlying power of the mapping metaphor.  

Even though as a rhetorical device the metaphor was less 

used, its ranking increased. 

Unfortunately, this new credibility ranking is still a 

rough instrument, but it does have potential.  Although it 

generally reflects the credibility a reader or listener 
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could have in the material being read or heard, the scale 

does not yet take into consideration effective audience 

selection.  For example, an author or source for  

______________________________________________________ 

Table 6-1 
Enumeration of Credibility Rankings of Positive and 

Negative Sources and Authors 1986-1991 
 

 
Year 

Rankings for 
Source and 
Author for 
Positive 

Arguments* 

Rankings for 
Source and 
Author for 
Negative 

Arguments* 
   

1986 6.8 6.2 
1987 7.3 6.9 
1988 9.9 9.5 
1989 8.5 8.0 
1990 7.7 8.2 
1991 9.3 8.2 

   
  * The higher the ranking number, the greater the  

  degree of credibility. 
______________________________________________________ 
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______________________________________________________ 
 

Table 6-2 
Enumeration of Credibility Rankings for Rhetorical 

Devices 1986-1991 
 

Year Rankings for 
Source and 
Author for 
Metaphors* 

Rankings for 
Source and 
Author for 
Narratives* 

Rankings for 
Source and 
Author for 

Word Choice* 
    

1986 6.7 7.5 7.4 
1987 7.2 7.4 6.5 
1988 9.6 9.5 10.0 
1989 8.4 8.3 8.3 
1990 8.7 8.6 8.6 
1991 9.3 8.5 8.8 

 
  * The higher the ranking number, the greater the  

  degree of credibility. 
_________________________________________________ 

 

the HGP presented wholly within the scientific community 

should rank lower on the scale than one that otherwise 

might be ranked equally (on the current instrument) but is 

presented to the most crucial audience, members of 

Congress.   

At this time, the rankings for authors writing or 

speaking in the scientific arena are higher than they would 

be if the most effective audience choice, the Congressional 

public, was factored into the equation: the current formula 

lacks the ability to discern this.  Many arguments against 

the formation of the HGP were focused on a scientific 

audience rather than on the Congressional public, where the 
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arguments might have been more effective.  Once this target 

audience is factored into the formula, a higher ranking 

than currently shows for primary sources directed at 

Congress should be reached.  For example, a very credible 

author for an article which is presented wholly within the 

scientific arena should rank lower than an article by the 

same author which is presented directly to the crucial 

audience for this debate (that is, members of Congress) 

because the latter would be more effective. 

    But even without the factor of audience consideration, 

sources and/or authors for negative arguments showed an 

equal or slightly lower ranking than for positive arguments 

no matter where the arguments were presented.  This result 

can partially be attributed to the shorter length of the 

articles and letters in which negative arguments appeared. 

The majority of negative arguments presented in the late 

anti-HGP campaign were not presented in longer articles, 

even in Science magazine, but within fairly short letters 

to the editor.  Once the factor of appropriate audience 

choice is added to the ranking equation, the negative 

arguments will demonstrate even lower ranking results. 

When considering further development of this 

instrument, the respect in which both the scientific and 

public communities hold highly visible scientific 
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achievers, such as Nobel laureates, also needs to be 

further factored into the ranking.  A single line by James 

Watson was generally more effective than pages of testimony 

of a researcher unknown to members of Congress.  These 

ephemeral and situational qualities of credibility need to 

be further considered and the instrument thusly refined. 

6.3 Funding Competition 

When the HGP was presented to Congress for 

consideration for funding, Congress was at the same time 

contemplating support for several other big-ticket, big-

science ventures: the superconducting supercollider and 

NASA’s space station.232  Of the three projects, only the 

HGP  was established as a federally-funded program in 1990.  

Full funding for the other projects was deferred for future 

vote. There are several underlying factors which influenced 

the success of the genome project over its rivals and over 

opposition to the project for its own sake: 

 

                                                           
232 The International Space Station Prior achieved multi-
year funding in 1995 (FY95 = $2.1 billion).  Before that 
date, the federal government had spent $12 billion on the 
Space Station.  In FY 1993 the House of Representatives 
refused to further fund the Superconducting Supercollider, 
and in the same year the Texas legislature withdrew its own 
support.  Prior to that year, the government had invested 
over $1.2 billion in that program.  Prior to its foundation 
in FY 1991, over 161 million federal dollars had been spent 
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• The other major programs competing for big science 

project funds were themselves dealing with the lack of 

an underlying, compelling metaphor--or had a strong  

• positive central metaphor (see example below) that was 

tarnished. 

• The opposition to the HGP misjudged its audience and 

used less effective arguments and rhetorical devices to 

further its own agenda.233 The positive central metaphor 

of mapping used by supporters of the HGP proved 

malleable and fairly impervious to attempts to 

undermine it. 

 In 1988, Texas was chosen as the site for construction 

of the superconducting supercollider program.  Once the 

site had been chosen, a lot of incentive for support for 

the program from states that were competing for the site 

disappeared.234  The supercollider, however, also was 

                                                                                                                                                                             
on human genome programs (considering both NIH and DoE 
funding). 
233  I.e., a different conclusion could have been reached if 
the opposition had targeted Congress itself instead of 
scientists primarily inside the scientific arena.  In 
addition, if the opposition had carefully studied its 
primary audience, it could have seen Congress reacted more 
favorably to arguments of medical risks and threats of 
foreign competition than it did to fairly esoteric 
arguments about the conduct of scientific research. 
234 Basuchoudhary, A., P. Pecorino, and W. F. Shughart II, 
“Reversal of Fortune: The Politics and Economics of the 
Superconducting Supercollider,” Public Choice 100 
(3/4):185-201. Sept. 1999. 

 185



laboring under a negative, even laughable controlling 

metaphor: the nickname with the public for the project was 

“the big ditch.”  There was no way this unglamorous image 

could compete in budget-tight times with the excitement of 

the metaphors for either the space station or the HGP.235 

 Since the impetus created by Sputnik in 1957, the U.S. 

has been fascinated with NASA and the space program. This 

program had all the public glamour and excitement the 

supercollider lacked.  Adventure, national pride, progress 

of science, the eventual conquering and exploration of the 

stars--these were all concepts fueled by popular film 

representations (e.g., Star Wars, 2001) of a future where 

the space station was a necessary first step to colonizing 

outer space.  This fascination played out in front of the 

public.  Thousands came to watch each launch of the space 

shuttle, and the public avidly followed the careers and 

lives of the astronauts and their families.  In 1986 the 

space shuttle Challenger saw hundreds of thousands of 

children poised in their classrooms to watch the adventures 

of their very own teacher-in-space, Christa McAuliffe.  

However, the public horror and trauma of the at-launch 

                                                           
235 In Senate budgetary discussions in 1988, the 
superconducting supercollider was referred to as “a high-
priced scientific toy” that used up funds more urgently 
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explosion of the Challenger was a major cause of the 

tarnishing of this bright, glowing metaphor of adventure, 

exploration, discovery, and American scientific 

superiority, leaving little realistic metaphoric 

competition for funding regarding the HGP. 

6.4 Modes of Interaction Between Science and the Public 

The American public seems to hold a dualistic response 

to announcements of any new scientific discovery.  There is 

a fascination that plays itself out in acquisition of 

technological gadgetry--and, at times, an almost Luddite 

anti-science and technology reaction to announcements of 

many new developments.236  The public (including its 

representatives, members of Congress) generally present a 

low level of comprehension of basic scientific facts even 

at the same time those facts are all being taught at the 

elementary through high school level. In education and 

scientific circles, there is an almost universal call for 

                                                                                                                                                                             
needed for research into Alzheimer’s disease and cancer.  
(100th Congress, Second Session, Vote #93, April 14, 1988.) 
236 A good example of this negativity can be seen in the 
reactions to genetically engineered foods, called 
"Frankenfoods" by the opposition.  At other times, even a 
product of science that is immediately accepted as useful, 
such as the polio vaccine and pharmacological treatments 
for AIDs have shown a concern, and at times even fear, for 
the administration or application of such products (i.e., 
unexpected allergenic reactions to mass produced vaccines 
or social and or religions restrictions placed on who 
receives (and pays for) certain medications.) 
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an increase in the level of the understanding of all 

sciences by the American public, the call for a science-

educated citizenry.   

But there is a strong divergence of opinion when the 

cause and effect of this lack of scientific understanding 

are discussed. Sponsored by the National Science Foundation 

(NSF), Jon Miller's237 surveys of knowledge of scientific 

facts are considered standards for public knowledge of 

science, and teachers search for new ways to present 

science to appeal to the imaginations of the young and 

tirelessly seek ways to educate them to be able to keep up 

in a world increasingly based on science and technology.  

Here the fault is held to be in the teaching/learning 

processes.  The argument goes that if people would just  

learn the basic facts, they would loose their antipathy 

towards the products of science. 

A different tack is taken by those in the Public 

Understanding of Science movement238 who study science not 

as a subject to be learned but as an important social 

aspect of public and private lives.  One finding in this  

 

                                                           
237 Jon D. Miller. (1992).  The Public Understanding of 
Science and Technology in the United States.  1990 
(Washington, D.C.: National Science Foundation). 
238 This carries the unfortunate acronym of PUS.   

 188



field is that when people are acclimatized to science (and 

science facts) as impacting their own lives, people do lose 

fear of the science.  But they also lose fear of the 

authority of science.  In general they do not blindly 

accept the proclamations of benefit from science products 

but ask harder (and more scientifically grounded) questions 

than before and are more apt to demand a say in the setting 

of science policy.239  These European science shops do not 

attribute the public’s simultaneous mistrust of science 

while longing for its resultant products solely to the lack 

of knowledge of scientific facts.  Here the problem is 

considered to lie in the lack of awareness on the part of 

both the public and scientists of the importance of the 

social aspect of the application of scientific findings.  

People do not fear the science as much as they fear the 

impact it will have on their lives.  Talk of “educating” 

the public is taken as elitist at best, insulting at worst. 

Determination of public science policy should involve 

recognition of the social impact of science, not just the 

reliance only on public knowledge of a list of scientific 

                                                           
239 Evans, G., and J. Durant. (1995). “The relationship 
between knowledge and attitudes in the public understanding 
of science in Britain.” Public Understanding of Science. 4: 
57-74. 
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facts.240 The results from this study further support the 

concept illustrated in the Bormann’s rhetorical triangle 

(Figure 2B) and demonstrate the importance of audience 

consideration in scientific debates in the public arena. 

No study of science policy is complete without 

considering the social impact of science and science 

products on the public.  In this study, as arguments for 

and against the HGP moved from the scientific to the public 

sphere, attention to audience became crucial.  The ultimate 

public for the argument was members of Congress who voted 

on federal budget items.  Appeals outside of this target 

audience were important only as they could reach and 

influence this audience. As seen in Chapter 4, at the 

beginning of public involvement in 1986, many arguments 

presented in Science magazine were aimed at influencing the 

opinions of other scientists who eventually would be 

interviewed by science writers (who would then bring the 

arguments to the public) or of scientists who would present 

testimony before Congress.  As the debate heated up, a 

greater concentration of arguments appeared in the more 

                                                           
240 See Charles Hagedorn and Susan Allender-Hagedorn.  
(1997).  “Issues in agricultural and environmental 
biotechnology: Identifying and comparing biotechnology 
issues from public opinion surveys, the popular press and 
technical/regulatory sources.”  Public Understanding of 
Science 6: 233-245. 
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public sphere of newspaper articles and testimony directly 

before the target Congressional audience.   

 However, a close perusal of negative arguments show 

several factors weighing against their reception by this 

Congressional public.  First, the anti-HGP campaign (late 

1989 and early 1990), which started two years after 

testimony began before Congress, was played out mainly 

within the scientific community.  Here the negative 

arguments did find some adherents, but generally these were 

not the scientists being interviewed for the public or the 

scientists presenting testimony before Congress. There was 

no consensus in the scientific community that proposed work 

on the human genome would be bad science, a foundational 

claim in the late anti-HGP campaign.  In addition, many who 

originally were against establishment of the project 

objected mainly because of opposition to the inclusion of 

sequencing under the umbrella of mapping and because of the 

effect a big science project would have on well-established 

research funding practices in biology.  Since the goals of 

the project fairly early were limited to exclude most 

sequencing, and since primary leadership for the program 

was established within NIH (the leading funding agency for 

biological research), the negative campaign was bringing up 
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problems and questions that had already been answered to 

the satisfaction of most.  

Testimony before Congress would have been an extremely 

effective tool for the opposition if it had occurred before 

members of Congress had already made political and personal 

allegiances to the project.  At that late date, 1990, 

opposition was stymied by the inability to achieve an 

invitation to testify,241 by having testimony thwarted by 

unannounced or last-minute changes in Congressional 

scheduling,242 or by project detractors being strongly 

criticized and belittled by Congressmen who were already 

convinced of the benefits to be realized from the project.  

Secondly, negative arguments were usually flat and 

one-sided, focusing on the risks of establishing the HGP.  

In contrast, many of the proponents of the project argued 

two-dimensionally, presenting carefully chosen negative 

aspects that were then demolished by carefully chosen 

                                                           
241 Invitations to speak were issued by members of Congress 
(and their staffs) usually already convinced of the need 
for the establishment of the program. 
242 For example, Martin Rechsteiner was scheduled to testify 
before the Senate (Subcommittee on Energy Research and 
Development, Committee on Energy and Natural Resources, 
101st Congress, 2nd Session on the Human Genome Program.  
While enroute to his scheduled afternoon appearance, his 
testimony was rescheduled to earlier, in the morning: 
“Rechsteiner entered the hearing room at noon, two hours 
before the time he thought it would start, only to find it 
had just adjourned.”  Cook-Deegan, Gene Wars, 174.  
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positive rebuttals.  Even if arguments can greatly be 

manipulated by a good debater, two-dimensional arguments 

generally are viewed as more objective and in-depth than 

one-sided arguments.  Two-dimensional arguments tacitly 

acknowledge that no argument is perfect and that the author 

has considered both (or all) sides of an argument in 

advance. In this HGP study, positive valence articles 

presented a more balanced overview of the topic, offering a 

far greater number of negative arguments than negative 

valence articles presented positive arguments.  As can be 

seen in Appendix 6-1, sources with an overall positive 

valence presented more varied argumentation (negative as 

well as positive individual arguments) than did sources 

with an overall negative valence. 

6.5 Boundary Objects and Science and Technology Studies 

All disciplines, of necessity, have attempted to draw 

boundaries in order to define and protect their own 

particular areas of study:  “Boundary-work is an effective 

ideological style for protecting professional autonomy.243 

Science activities often are separated away from other 

human activities: 

                                                           
243 Thomas F. Gieryn. (1983).  “Boundary work and the 
demarcation of science from non-science: Strains and 
interests in professional ideologies of scientists.” 
American Sociological Review (48): 789. 
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The history of science is the history of a 
certain cultural form called 'science.'  One  
must then specify precisely what criteria make  
it possible to decide whether or not, at any 
given time, a particular practice or discipline 
merits the name science.244 
 

Since the public, in particular the Congressional public, 

generally does not have an extensive scientific background, 

to have scientific research achieve federal funding and 

become part of U.S. science policy, scientists have to find 

some way to bridge the gap between the two arenas, 

scientific and public.  In this study, the metaphor of the 

genome map binds together disparate communities on both 

sides of the boundary between the scientific and public 

arenas. Both sides could agree on the need for mapping even 

though they held differing understandings of the term.  It 

is a boundary object, “an object which lives in multiple 

social worlds and which has different identities in 

each.”245 

 

 

 

                                                           
244 Georges Canguilhem. (1988). Ideology and Rationality in 
the Histories of the Life Sciences (Cambridge: MIT Press),  
27. 
245 Susan Leigh Star and James R. Griesemer.  (1989).  
“Institutional Ecology, ‘Translations’ and boundary 
objects: Amateurs and professionals in Berkeley’s Museum of 
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Boundary objects were first named by Susan Leigh 

Star.246  These are  

objects which are both plastic enough to adapt to 
local needs and constraints of the several 
parties employing them, yet robust enough to 
maintain a common identity across sites.247   
 

 

A boundary object is "something" that inhabits multiple 

intersecting worlds (or arenas) and provides the 

information needs of all of them.248 A boundary object can 

be a concrete or abstract word, a phrase, a specific or 

general object, or a theory that, at least tacitly, can be 

agreed upon by communities on either side of a boundary.  

For example, Ilana Lowy traces the development of the 

concept of an “immunological self” in the development of 

the discipline of immunology.249  The boundary becomes, 

through use of the boundary object, fuzzy rather than 

                                                                                                                                                                             
Vertebrate Zoology, 1907-39.”  Social Studies of Science 
(19): 409. 
246 Susan Leigh Star. (1988). "The structure of ill-
structured solutions: Boundary objects and heterogeneous 
distributed problem solving.  In M. Huhs and L. Gasser 
(eds.) Distributed Artificial Intelligence (Menlo Park, CA: 
Morgan Kauffman), pp. 37-54. 
247 Susan Leigh Star. (1989).  Regions of Mind: Brain 
Research and the Quest for Scientific Certainty (Stanford, 
Ca.: Stanford U Press), 21. 
248 Star and Griesemer, “Institutional ecology.” 
249 Ilana Lowy.  (1992).  The strength of loose concepts--
Boundary concepts, Federal experimental strategies and 
disciplinary growth: The case of immunology.” History of 
Science (30): 371-396. 
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distinct.250  The boundary object bridges between the two 

worlds on both sides of the boundary: it creates a trading 

zone for social negotiation.251  These “…boundary objects 

act as anchors or bridges.”252  The genome map performed 

just such a function. 

Figure 2B demonstrates the speaker's use of "mapping" 

as it is being filtered through the listener's past 

experiences to come up with a current understanding of the 

term.  Even though speaker and the message recipient might 

personally have different interpretations of the exact 

meaning of the word "map," they both have a common ground 

that they can agree upon:  a map presents spatial  

relationships, and it is used to find a specific location, 

etc.: 

Both ‘boundary concepts’ and ‘boundary objects’ 
are multifunctional on the cognitive level:  
they make possible the interaction of distinct 
scientific cultures and thus permit the 
construction of a given segment of knowledge, 
while on the social level they facilitate the 
development of inter-group alliances and 
therefore advance specific social interests.   
And like the boundary stones from which  
they metaphorically borrow their name,  

                                                           
250 “…while the emphasis on well-defined scientific concepts 
leads to studies of coherent groups of scientists, the 
emphasis on loose concepts is necessary for the 
investigation of relations across professional and 
disciplinary boundaries.”  In Lowy, “Loose concepts,” 371. 
251 Peter L. Galison. (1997). Image and Logic: A Material 
Culture of Microphysics (Chicago: U Chicago Press). 
252 Star and Griesemer, “Institutional ecology,” 414. 

 196



‘boundary concepts’ and ‘boundary objects’  
are negotiable entities that simulaneously 
delimit and link particulary territories:   
the domains of professional expertise.253 

 
Genome mapping is a scientific practice, but the 

resultant genome map functions perfectly as a boundary 

object understandable to both sides of the scientific-

public boundary.  These boundary objects are “not 

[artificially] engineered as such by any one individual or 

group, but rather emerge through the process of the 

work.”254  A boundary object serves a crucial role in the 

translation of ideas from the scientific to the public 

arenas.  The map came to represent all of the benefits that 

could arise out of the project’s results.  Many scientists 

who opposed early visions of the project later supported it 

once they accepted the focus on mapping without the tedious 

and expensive addition of sequencing.  However, on the 

other side of the science-public border, members of 

Congress continued to glorify the potential benefits of the 

project as it was first presented to the public.  To them, 

mapping had a wider and more inclusive meaning.  People on 

both sides of the boundary, scientists and members of this 

Congressional public, could comfortably use the same term, 

never fully realizing (or acknowledging) that the 

                                                           
253 Lowy, “Strength of loose concepts,” 375. 
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definition of the term was different on each side of such a 

boundary.  Proponents of the HGP on both sides of the 

boundary wanted a human genome map, but their 

understandings of what that map represented varied.255 

Metaphors, the genome map in particular, and their 

protean meanings across the science-public boundary were 

key elements in Congressional approval of the HGP.  They 

were a bridge to not mutual understanding but to agreement.   

On the anti-HGP side, if the proposed human genome research 

could be labeled “bad science” (a claim promulgated by 

opposition to the HGP), then such activity would lose this 

protection of respect.  But such negative claims failed to 

prevail in the argument over the establishment of the HGP.  

Most such arguments failed to bridge the science-public  

boundary and so failed to reach the proper audience.  

In the U.S., scientific activity is accorded respect 

even if the resultant products and application of 

scientific research might be seen as threatening.  

Rhetorical analysis is becoming important in boundary work 

                                                                                                                                                                             
254 Star and Griesemer, “Institutional ecology,” 408. 
255 According to Lowy (391), “In immunology, a ‘boundary 
concept’--the ‘immunological self’--allowed physicians and 
scientists to elaborate federative research strategies.  
The development of these strategies enlarged the sphere of 
professional ‘ownership’ or ‘jurisdiction’ of 
immunologists, enhanced the status of immunology and, from 
the 1960s on, led to a rapid expansion of this discipline.” 
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being done in Science Studies (the social, historical, 

philosophical, and psychological studies of the practice we 

call science).  Karl Popper's falsifiability,256 Robert 

Merton's social norms of science,257 and Thomas Kuhn's258 

paradigms were (and are) immensely influential in boundary 

studies of science. 

Many early boundary studies are of an exclusive nature  

(THIS is science--THAT is not.  X is a scientist--Y is 

not.)  Later studies acknowledge that such boundaries may 

not be eternally fixed but are socially negotiated and 

subject to change: 

Examination of how and why people do  
boundary-work--how they define ‘science’ by 
attributing characteristics that spatially 
segregate it from other territories in the 
culturescape--could be the first step toward  
a cultural interpretation of historically  
changing  allocations of power, authority, 
control, credibility, expertise, prestige,  
and material resources among groups and 
occupations.  Boundary-work here becomes  
an important feature of professionalizing  
projects of scientists, a rhetorical form  
well suited to the seizure, monopolization,  
and protection of those goodies.259 
 

                                                           
256 Karl R. Popper. (1959).  The Logic of Scientific 
Discovery (New York: Harper).  (The original work was first 
published in 1934.) 
257 R. K. Merton. (1973).  The Sociology of Science: 
Theoretical and Emperical Investigations (Chicago: Univ. 
Chicago Press).   
258 Kuhn, The Structure of Scientific Revolutions. 
259 Thomas F. Gieryn.  (1995).  “Boundaries of science.”  In 
Jasanoff et al. (eds.).  Handbook, 440. 
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Influential theorists here include Harry Collins260 and 

Michael Mulkay.261  All boundaries studies have to start 

from an exclusionary motif:  boundaries do exist.  For 

example, in science physics is considered a different area 

of study from biology. Scientists are seen as drawing 

boundaries to protect authority, autonomy, and power: 

  I am not saying that the human sciences  
emerged from the prison.  But if they have  
been able to be formed and to produce so  
many profound changes in the episteme, it is 
because they have been conveyed by a specific  
and new modality of power....This policy  
required the involvement of definite relations  
of knowledge in relations of power.262 

 In constructivist theories there is nothing innate 

within science to privilege it over other forms of 

knowledge: the authority given to science is socially 

negotiated.  But if science is just another human activity, 

why does the practice of science hold such authority in the 

public arena?  As Barnes and Edge have indicated, “science 

is next to being the source of cognitive authority: anyone 

who would be widely believed and trusted as an interpreter 

                                                           
260 H. M. Collins.  (1983). “The sociology of scientific 
knowledge: Studies of contemporary science.” Annual Review 
of Sociology (2): 265-285. 
261 Michael Mulkay. (1979). Science and the Sociology of 
Knowledge (London: Allen and Unwin). 
262 Michel Foucault, Discipline and Punish, trans. Alan 
Sheridan (New York: Routledge), 305. 
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of nature needs a license from the science community.”263  

The negotiations of the boundaries between science and 

other activities are often still seen as exclusionary in 

nature.  Many researchers struggled to place themselves 

within the boundary of science to study this negotiation of 

the boundary.264  The "ins" defend themselves and their 

practices and privileges from those who are outside their 

self (or discipline)-drawn boundaries. 

  This study applies communication and information 

theories to boundary work, adding to the literature that 

illustrates that boundary work can also be inclusionary.  

It can illuminate attempts to breach or bridge boundaries 

through a study of the rhetoric in an inclusionary rather 

than exclusionary manner. When Earnest Bormann's symbolic 

convergence theory (Figure 2B) is applied to the study of 

boundary objects, it is easy to see the correlation between 

his group fantasies (group mutually agreed upon "rhetorical 

visions"265) and boundary objects. 

 

                                                           
263 Barry Barnes and David Edge (eds.).  (1982).  Science in 
Context: Readings in the Sociology of Science  (Cambridge, 
Ma.: MIT Press), 2. 
264 Good example include Sharon Traweek’s 1988 Beamtimes and 
Lifetimes: The World of High Energy Physicists (Cambridge, 
MA: Harvard U Press), and Andrew Pickering’s 1984  
Constructing Quarks: A Sociological History of Particle 
Physics (Chicago: U Chicago Press). 
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6.6 Implications of Study 

Hopefully this study will not be seen as a template 

for pushing science agenda-laden legislation through 

Congress by catering solely to a Congressional audience, by 

choosing a central metaphor for its strength not its 

relevance, by crafting deceptive boundary objects, or by 

overloading documents and speeches with the superlatives of 

selective word choice.  This indeed would be sophistry in 

the worst sense of the word.  And this approach would not 

work because each deliberation by Congress is peculiar to 

itself, depending upon variations in speaker (proponent or 

opponent), underlying and supporting metaphor, and 

rhetorical choices.  But when considering formation of 

public policy, it is important to remember that any 

scientific argument will have a hard time achieving success 

without conscious recognition of the importance of 

rhetorical matters such as audience and choice of 

rhetorical device.  For arguments leaving the scientific 

arena, it is important to combine rhetorical methodology 

with the findings from Public Understanding of Science and 

Boundary Studies. Examination of scientific rhetoric alone 

will suffer from lack of input from considerations of the 

social impacts of science and the techniques used to 

                                                                                                                                                                             
265 Griffin: Communication Theory, 34. 
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effectively transfer scientific knowledge to a form 

accessible to the public.   

Most scientists would admit that science is at least 

partially a social enterprise,  

 I have never met a pure scientific realist  
who views social context as entirely  
irrelevant, or only as an enemy to be  
expunged by the twin lights of universal  
reason and incontrovertible observation.266 

 
 

that science is not the totally objective activity it is 

often held to be by the general non-scientific public 

(which includes most members of Congress.)  But in the 

U.S., science policy can be influenced by scientists and 

scientific findings only as far as scientists learn to 

negotiate the science-public boundaries and deal with the 

different rhetorical communities involved, determining what 

devices are the most effective in which circumstances.   

While this review of the rhetoric behind the 

construction of the HGP gives insight into the influence of 

the choice of rhetorical devices on formation of U.S. 

science policy, further work is needed in this direction.  

Similar intensive studies of argumentation and rhetorical 

device used for other proposed scientific programs, both 
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those successfully achieving funding and those not 

achieving funding, could productively be compared to the 

data from this study.  A refined credibility ranking, that 

targets the most crucial audience, will be an even more 

useful tool to aid further understanding of the interplay 

across boundaries and between rhetorical communities.  In 

addition, further study that ties new findings and 

cognitive theories in language formation and usage could  

also further delineate our knowledge of just how science 

policy is created. 

The year 2000 saw announcement of the completion of a 

“working draft” of the map of the human genome.  But it was 

a sequence map that was introduced.  Advancing technology 

and information processing soon after the establishment of 

the HGP made sequencing feasible in time and cost, and 

sequencing was added back into the HGP.  The meaning of the 

word “map” had come full circle to again include 

sequencing.  The outpouring of praise for such a success 

further illustrates that the strength of the central 

mapping metaphor, especially as a viable boundary object, 

is still undiminished.  The seminal article announcing the 

HGP’s accomplishments describes the mapping project as the 

                                                                                                                                                                             
266 Stephen J. Gould. (2000). “Deconstructing the ‘Science 
Wars’ by Reconstructing an Old Mold,” Science (Jan. 14): 
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“capstone for efforts in the past century to discover 

genetic information and a foundation for efforts in the 

coming century to understand it.”267  The social impact of 

such monumental efforts is also recognized publicly in the 

same article:  “But the science is only part of the  

challenge.  We must also involve society at large in the 

work ahead.”268  

                                                                                                                                                                            

Ultimately the victory in the debate over the 

establishment of the HGP was awarded to the promulgators of 

the strongest underlying metaphor--the idealized excitement 

and profit of exploration of unknown territory--and the 

benefits to come from filling in and conquering the unknown 

areas of the map, territory the U.S. was eager to claim for 

its own. 

 What makes us unique among all living things on  
  earth is our ability to develop mental blueprints 
  of the world around us and then manipulate those  
  blueprints and in the process gain power to   
  manipulate the world itself,269 

 
 
 
 

 
253-261. 
267 Nature.  (2001, Feb. 15). “Initial sequencing and 
analysis of the human genome, by the International Human 
Genome Sequencing Consortium, 409 (6822): 915. 
268 Ibid. 
269 Sen. Albert Gore, Jr., Chair, speaking at Nov. 9, 1989 
hearing before the Subcommittee on Science, Technology, 
Space, of the Committee on Commerce, Science, and 
Transportation, U.S. Senate, 101st Congress, 1st Session. 
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and with the HGP, 
 
  we will be handing to the scientists, we will  
  be handing an entire road map for them to take 
  and apply.270 

 
 

                                                           
270 Senator Pete Domenici, ibid. 
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Appendix 1-1 
         Human Genome Project Timeline  (1986 - 1991) 

 
 

Month/ 
Year 

Publication 
Month/Year of 

Primary 
Sources--
Articles & 
Letters* 

 
 
 

Events 

   
March 
1986 

S001  DoE’s first meeting on sequencing human 
genome, Sante Fe, New Mexico 

May 
1986 

BG01  

June 
1986 

S002  Session on human genome at Cold Spring Harbor 
Laboratory symposium on molecular biology of 
Homo sapiens 
 Kary Mullis presents paper on Polymerase Chain 
Reaction (PCR) and its applications to genome 
sequencing at the Cold Spring Harbor 
symposium271 

July 
1986 

NYT01 
S003 
S004 

 HHMI forum on the Human Genome Project on NIH 
campus where the DoE proposals were criticized 
for not stressing genetic mapping272 

Aug. 
1986 

S005  Small National Research Council (NRC) meeting 
to discuss genome projects in Woods Hole, 
Massachusetts supports mapping and withheld 
support for large-scale sequencing 

Sept. 
1986 

S006  NRC approves study of mapping and sequencing 
human genome, chaired by Bruce Alberts (then 
professor biochemistry, UC-SF 
 Congress approves OTA study of mapping and 
sequencing human genome 

Oct. 
1986 

  First public NIH meetings on the human genome 
project; NIH Working Group to study the human 
genome appointed 

Dec. 
1986 

  DoE-Office of Management and Budget agreement 
on worthiness of DoE Human Genome Initiative 

 *The abbreviations for the sources can be found in the Glossary 
of Terms and Acronyms
                                                           
271 PCR would prove to decrease cost and speed up the time 
necessary for sequencing of the genome. 
272“It was a turning point, but the new direction was not 
entirely clear at the time.”  Cook-Deegan, Gene Wars, 122. 
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1-1 
cont.) 

  

Jan. 
1987 

WP01  

Feb. 
1987 

S007 
WP02 
WP03 
WP04 

 House and Senate committees on budget 
appropriations have some discussion of funding 
for the human genome project 
 DoE proposes its Human Genome Initiative 

March 
1987 

S008  

April 
1987 

  Health and Environmental Research Advisory 
Committee, DoE, report recommending 15-year DoE 
Human Genome Initiative, separate line-item 
budget of $200,000,000/year 

May 
1987 

S009  In meeting concerning AIDS research funding, 
James Watson requests $30,000,000 for NIH human 
genome research 
 Meetings on the future of DoE laboratories, 
sponsored by Sen. Pete Domenici 
 Italian genome project started  

June 
1987 

S010  American Society for Biochemistry and 
Molecular Biology releases policy statement 
favorable to mapping and sequencing 

July 
1987 

S011 
S012 
WP05 

 Sen. Pete Domenci introduces bill S. 1480, 
promoting technology transfer from DoE 
laboratories 

Aug. 
1987 

S013  Domenici hosts genome workshop in Sante Fe to 
support DoE role in genome research 

Sept. 
1987 

BG02 
S014 

 Human Genome Research Centers established by 
DoE (Los Alamos, Livermore, Lawrence Berkeley) 
 Sen. Pete Domenici urges support in Congress 
for DoE’s Human Genome Initiative in tandem 
with revitalization of the DoE laboratory 
system; Domenici and NIH’s Wyngaarden clash 
over leadership for the program 

Oct. 
1987 

BG03 
S015 

 

Nov. 
1987 

S016 
WP06 

 

 
Dec. 
1987 

 
WP07 

 
 Soviet genome project proposed 
 Congress appropriates some funding for human 
genome research for FY 1988 
 Release of Maya Pine’s Mapping the Human 
Genome (Occasional Paper Number One), HHMI 
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cont.) 
Jan. 
1988 

JAMA01 
S017 
WP08 

 

Feb. 
1988 

C&EN01 
S018 
WP09 
WP10 

 NRC releases report on Mapping and Sequencing 
the Human Genome, recommended budget 
$200,000,000/year273 

March 
1988 

JAMA02 
NYT02 
NYT03 

 NIH meetings to create NIH genome project 
(based on NRC recommendations) 

April 
1988 

S019 
WP11 
WP12 

 Release of OTA study Mapping Our Genes: Genome 
Projects: How Big, How Fast? during a hearing, 
Subcommittee on Oversight and Investigations, 
Committee on Energy and Commerce, House of 
Representatives, 100th Congress, 2nd Session 
(CT1) 
 International Human Genome Organization (HUGO) 
discussed at Cold Spring Harbor Laboratory 

May 
1988 

NYT04 
S020 
S021 
S022 
WP13 

 First scientific mapping and sequencing 
meeting at Cold Spring Harbor Laboratory 

June 
1988 

S023  Chiles-Kennedy Biotechnology Competitiveness 
Act, S. 1966, presented in Congress--the bill 
gave joint leadership to NIH and DoE for the 
Human Genome Project 

July 
1988 

BG04 
S024 

 

Aug. 
1988 

NYT05 
WP14 

 
 
 
 
 
 
 

 

 
 
 
 

  

                                                           
273 The report recommended a lead agency but did not name 
either DoE or NIH:  “the NRC recommendation proposed a 
politically hopeless task and invited open warfare between 
NIH and DoE, a war that might well kill the very project 
NRC intended to promote.”  Cook-Deegan,  Gene Wars, 133. 
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cont.) 
Sept. 
1988 

 
 
 

WP15 
WP16 

 NIH and DoE sign a Memorandum of Understanding
 James Watson appointed NIH Associate Director, 
human genome research (NIH Office for Human 
Genome Research) 
 James Watson announces intentions of setting 
aside approximately 3% of total funding to 
address the ethical questions that would arise 
out of the mapping and sequencing 
 HUGO officially formed at meeting in 
Montreaux, Switzerland (funded by HHMI with 
$1,000,000 start-up grant) 

Oct. 
1988 

  First International Conference on Cooperation 
on Human Genome Research, Valencia, Spain 

Nov. 
1988 

JAMA03 
S025 

 

Dec. 
1988 

S026 
S027 
S028 
WP17 

 

   
Jan. 
1989 

C&EN02 
S029 
S030 
WP18 
WP19 

 Start of United Kingdom human genome research 
program 

Feb. 
1989 

S031 
WP20 

 Start of Japanese human genome research 
program 

March 
1989 

C&EN03 
NYT06 
S032 
S033 
S034 
S035 

 

April 
1989 

NYT07  

May 
1989 

C&EN04 
NYT08 
S036 
WP21 
WP22 
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cont.) 
June 
1989 

BG05 
BG06 

C&EN05 
S037 

 

July 
1989 

BG07 
JAMA04 
S038 
S039 

 

Aug. 
1989 

  NIH-DoE planning meeting to formulate first 
Five-Year Plan for the human genome project 

Sept. 
1989 

S040 
S041 
S042 
WP23 

 First NIH Ethical, Legal, and Social Issues 
(ELSI) working group meeting 

Oct. 
1989 

BG08 
NYT09 
S043 
S044 
S045 
WP24 

 NIH’s Office of Human Genome Research (under 
Watson) raised to become National Center for 
Human Genome Research (with its own spending 
authority--approximate FY 1990 budget: 
$88,000,000) 
 Hearing, Subcommittee on International 
Scientific Cooperations, Committee On Science, 
Space, and Technology, U.S. House of 
Representatives, 101st Congress, 1st Session 
(CT2) 

Nov. 
1989 

JAMA05 
S046 
S047 
S048 
S049 
S050 

 Hearing, Subcommittee on Science, Technology, 
and Space, Committee on Commerce, Science, and 
Transportation, U.S. Senate, 101st Congress, 1st 
Session (CT3) 

Dec. 
1989 

C&EN06 
JAMA06 
JAMA07 
NYT10 
S051 

 NIH and DoE ELSI programs merged 

   
Jan. 
1990 

S052 
S053 
S054 
WP25 

 

 

Feb. 
1990 

WP26  Start of negative letter writing campaign (Dr. 
Martin Rechsteiner) 
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cont.) 
March 
1990 

JAMA08 
S055 

 

April 
1990 

S056 
S057 
S058 
WP27 
WP28 

 First NIH/DoE Five Year Plan released 
 Start of negative email campaign (Dr. Michael 
Syvanen) on BioNet, an email system linking 
many molecular biology laboratories 

May 
1990 

S059 
S060 
S061 
S062 
S063 
S064 

 

June 
1990 

JAMA09 
NYT11 
NYT12 
NYT13 
S065 
S066 

 

July 
1990 

BG09 
NYT14 
S067 
WP29 

 Hearing, Subcommittee on Energy Research and 
Development, Committee on Energy and Natural 
Resources, U.S. Senate, 101st Congress, 2nd 
Session (CT4) 
 Letter by Bernard Davis and colleagues, 
Harvard University Medical School, asking for 
reassessment of the Human Genome Project 

Aug. 
1990 

WP30  

Sept. 
1990 

C&EN07 
S068 
S069 
S070 
S071 

 

Oct. 
1990 

 
 
 
 
 
 
 
 

 
 

C&EN08 
NYT15 
S072 
S073 
WP31 
WP32 

 Start of French human genome program 
 NIH’s Office of Human Genome Research became 
separate NIH center, the National Center for 
Human Genome Research (NCHGR), with direct 
control over own budget 
 James Watson declares the beginning of the 
Human Genome Project in October, 1990 (the 
start of Fiscal Year 1991), budget of @ 
$90,000,000 
 Bernard Davis declares at Genome II meeting, 
San Diego, that opposition to Human Genome 
Program had lessened 
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Nov. 
1990 

S074 
S075 
S076 
S077 

 

Dec. 
1990 

BG10 
C&EN09 
JAMA10 
JAMA11 
S078 
S079 

 

   
Feb. 
1991 

BG11 
C&EN10 
S080 
S081 
S082 
WP33 

 

April 
1991 

BG12 
S083 
S084 
WP34 

 

May 
1991 

S085 
WP35 
WP36 

 

June 
1991 

JAMA12 
JAMA13 
S086 
S087 
S088 
S089 

 

July 
1991 

S090  

Aug. 
1991 

C&EN11 
S091 
S092 
S093 
WP37 

 

Sept. 
1991 

WP38  

Oct. 
1991 

 
 
 
 
 
 
 

JAMA14 
JAMA15 
NYT16 
S094 
S095 
S096 
S097 
S098 
WP39 
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cont. 
Oct. 
1991 
cont. 

 
 
 
 

WP40 
WP41 

Nov. 
1991 

S099 
S100 
S101 
WP42 
WP43 

 

Dec. 
1991 

BG13 
S102 
S103 
S104 

 

 
*Article and letter publications are listed the 
magazine/journal’s acronym (i.e., BG = The Boston Globe).  See 
Appendix 3-1: Primary Source Bibliography. 
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Appendix 1-2 
Different Levels (Depths) of Genome Mapping 

 
 
 
 
 
 

 

 

 

 

 

 

 

The image on this page is an original graphic created by the DoE Human Genome Program’s
Human Genome Management Information System.

Accessible at:  http://www.ornl.gov/hgmis.
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Appendix 1-4 
Executive Summary, Five-Year Plan 

 
The U.S. Human Genome Project  

The First Five Years: Fiscal Years 1991-1995 
EXECUTIVE SUMMARY274 

The Human Genome Initiative is a worldwide research 
effort that has the goal of analyzing the structure of 
human DNA and determining the location of the estimated 
100,000 human genes. In parallel with this effort the DNA 
of a set of model organisms will be studied to provide 
the comparative information necessary for understanding 
the functioning of the human genome. The information 
generated by the human genome project is expected to be 
the source book for biomedical science in the 21st 
century and will be of immense benefit to the field of 
medicine. It will help us to understand and eventually 
treat many of the more than 4000 genetic diseases that 
afflict mankind, as well as the many multifactorial 
diseases in which genetic predisposition plays an 
important role. 

A centrally coordinated project focussed on specific 
objectives is believed to be the most efficient and least 
expensive way of obtaining this information. In the 
course of the project much new technology will be 
developed that will facilitate biomedical and a broad 
range of biological research, bring down the cost of many 
experiments, and find application in numerous other 
fields. The basic data produced will be collected in 
electronic databases that will make the information 
readily accessible in convenient form to all who need it. 

This report describes the plans for the U.S. human genome 
project and updates those originally prepared by the 
Office of Technology Assessment (OTA) and the National 
Research Council (NRC) in 1988. In the intervening two 
years, improvements in technology for almost every aspect 
of genomics research have taken place. As a result, more 
specific goals can now be set for the first five years. 

The plan presented here was prepared jointly by the 
National Institutes of Health (NIH) and the Department of 
Energy (DOE), the two agencies that have received 
                                                           
274 U.S. DoE and NIH, “Executive Summary, The First Five 
Years: Fiscal Years 1991-1995,” Feb. 23, 2001, Available 
www.nhgri.hig.gov/HGP/HGP_goals/5yrplan.html. 
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earmarked funding for the human genome project. Over the 
last two years, these agencies have developed a highly 
synergistic and well-integrated approach to carrying out 
this initiative, as evidenced by the adoption of this 
common plan. 

In order to achieve the scientific goals set out in this 
report, a number of administrative measures have been put 
in place. In addition, a newsletter, an electronic 
bulletin board and a comprehensive administrative 
database are being set up to facilitate e communication 
and tracking of progress. 

Research centers will be established to promote the 
collaboration of investigators from diverse disciplines 
on a major task of the genome program. DOE has already 
established three large centers in its National 
Laboratories and NIH will establish 10 to 20 additional 
centers over the next five years. The centers will become 
foci for collaboration with investigators at other 
locations and with industrial organizations that want to 
develop applications of the research results, thereby 
creating networks of interrelated projects. 

Meetings and workshops will be organized to bring 
together investigators with common research objectives 
and to encourage collaboration, exchange of materials and 
use of common starting materials or protocols wherever 
these are appropriate. It is expected d that mapping and 
sequencing groups will coalesce around individual human 
chromosomes or around particular model organisms. 

NIH and DOE will continue their synergistic working 
relationship and will also interact closely with other 
interested agencies, as well as with genome mapping 
programs in other countries as they get organized. Close 
ties with industry and with the medical l community have 
been established, and will continue to be encouraged, to 
ensure efficient technology transfer. The private sector 
is involved in this project at all levels from 
participation in the advisory committees to receipt of 
grants and contracts. 

The overall budget needs for the effort are still 
anticipated to be the same as those identified by the OTA 
and the NRC, namely about $200 million per year for 
approximately 15 years. Fiscal years 1988 to 1990 have 
been a period for getting organized and getting research 
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under way. The five-year goals that have been specified 
in this plan are for the period FY 1991 through FY 1995 
and assume the program will rapidly reach the level of 
funding specified above. 

SCIENTIFIC GOALS  

In addition to the long-term objectives of the human 
genome project, this plan sets out specific scientific 
goals to be achieved in the first five years together 
with the rationale for each goal. Five-year goals have 
been identified for the following areas, which together 
encompass the human genome project: 

• Mapping and Sequencing the Human Genome  

• Mapping and Sequencing the Genomes of Model 
Organisms  

• Data Collection and Distribution  

• Ethical and Legal Considerations  

• Research Training  

• Technology Development  

• Technology Transfer  

The specific goals will be reviewed annually and 
updated as further advances in the underlying 
technology occur.  
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Appendix 3-2 
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Appendix 3-3 
List of Interview Questions275 

___________________________________________________________ 
 

Interview Questions 
The Rhetorical Construction of the Human Genome Project 

 
 This project is researching the rhetorical or 
argumentative structure of the foundation of the Human 
Genome Project to gain some insight into the rhetoric of 
science, rhetoric of politics, and the formation of 
national science policy.  It looks at a variety of 
published materials such as newspaper articles, testimonies 
before Congressional Committees, OTA and NRC publications, 
and federal agency newsletters.  However, a great deal of 
influential material (phone calls, informal conferences and 
conversations, etc.) is not available for study.   
 You were centrally involved in the formation of the 
Project, and any input and insight you can give to this 
research will be very valuable.  I thank you for agreeing 
to answer a few questions. 
_______________ 
 
1. The Human Genome Project was discussed in many 

different media.  Of those listed below, which one(s) 
do you recall as conveying the most persuasive 
material? (And if you can recall, which paper or even 
which writer?)  

 
 ____ newspaper articles?  

____ science-related journals such as Science, C&EN,  
Nature, etc?)?  

 ____ OTA or NRC documents?  
____ personal contacts in informal meetings, phone  

calls?  
  
____ past history of working with particular scientists or  

agencies?  
____ testimonies before Congress? 

                                                           
275  This is just a representative or sample list of 
questions.  The questions were slightly altered to reflect 
the actual involvement of the interviewees in the 
establishment of the Human Genome Project (for or against, 
agency affiliation, etc.).  In addition, during some 
interviews new avenues of inquiry opened up and were 
pursued whenever possible.  
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2. How important to your decisions/actions were the 

following arguments? (on a scale of 1-3 with 1 being 
highest importance) 

 
 ____ potential medical/scientific/social benefits  

and/or risks,  
 ____ impact of the project on the future conduct of  

science ("big" vs. "little" science), 
 ____ impact of the project on the future conduct of  

science (basic vs. applied science), 
 ____ economically supporting a science program run by  

or dominated by another nation, 
 ____ interagency wrangling between NIH and DoE, 
 ____ any other? 
 
3. In your recollection, which argument (above or any  

other) did you find the most convincing? Why? 
 
4. What were the least convincing arguments? Why? 
 
5. Are there any people who particularly stand out to you 

as being  influential on either side of the 
discussions? 

 
Even those persons firmly in support of the establishment 
of the project were faced with a decision on whether or not 
a particular government agency should take a lead role, and 
if so, which federal agency it should be, NIH or DoE. 
 
6. To you, which agency presented the clearest  

advantages? Why?   
 
7. Do you feel that the interagency leadership approach  

was the best?   
 
8.  Is there any metaphoric description of the project  

(such as "book of man" or "blueprint of human  
heredity") that particularly embodied your 
understanding of the project?  

 
9.  How do YOU define the phrase "mapping the genome"? 
 
 
10. Is there anything at all you feel I should have asked  

about that I didn't? 
 

 242



Please feel free to expand upon any of the questions above 
or anything else you feel would be appropriate. 
 
Thank you VERY MUCH for your time and attention.  This 
research project should impart some insight into the making 
of science policy as well as the transmittal/transformation 
of knowledge out of the scientific arena into public 
discourse.   
 
Information received through these questionnaires will be 
used solely for the purposes of this study. 
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Appendix 3-4 
List of Interview Notes and Excerpts by Other Researchers 

 
 

Interview Notes, Dr. Robert Cook-Deegan (Gene Wars) 
 
 Jack Bartley 
 Charles Cantor 
 Lawton Chiles 
 Walter Gilbert 
 Michael Hunkapiller 
 Harry Noller 
 Temple Smith 
 Randy Snell 
 James Wyngaarden 
 
 
 
Excerpts in Dissertation, Dr. Michael Fortun 
 
 David Botstein 
 Charles Cantor 
 Anthony Carrano 
 Larry Deaven 
 Charles DeLisi 
 Helen Donis-Keller 
 Walter Gilbert 
 Ruth Hubbard 
 Lou Kunkel 
 Eric Lander 
 Richard Lewontin 
 Tom Maniatis 
 Bradie Metheny 
 Robert Moyzis 
 Martin Rechsteiner 
 Ray White 
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_____________________________________________________________________________________ 

Appendix 4-1 
Enumeration of the Use of Arguments by Category 1986-1991 

 
 
 
 

Year 

 
 

Applied/Basic 
Arguments 

 
Big/Little 
Science 

Arguments 

Medical, Social, 
Scientific 

Benefit/Risk 
Arguments 

 
 

“Other” 
Arguments 

 
Number and % 

of Total 
Arguments 

Valence +      - +      - +       - +      -  
      

1986   17      3    10      25    60      15     4      0  134   (2%) 
1987   12     13    52     106    91      32     9     15  330   (4%) 
1988  100     30   556     355   836     206   408    108 2599  (34%) 
1989   48     22   342     129   665     238   295     83 1822  (24%) 
1990   66     40   372     339   714     263   146     71 2011  (27%) 
1991    4      9    49      84   284     119    35     82  666   (9%) 
Total 

Arguments 
% of 
Total 

Arguments 

  
 247    117 
 
 (3%)   (2%) 

  
 1381    1038 
  
 (18%)   (14%) 

  
 2650     873 
  
 (35%)   (12%)  

   
  897    359 
  
 (12%)   (5%) 

 
 

7562 

 
+ = positive arguments 
- = negative arguments 
_________________________________________________________________________________________ 
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Appendix 4-2 

Enumeration of Arguments Made by Category for Author 1986-1991 
 

Author/ 
Year of 

Publication 

 
 

Applied/Basic 
Arguments 

 
Big/Little 
Science 
Arguments 

Medical, Social, 
Scientific 
Benefit/Risk 
Arguments 

 
 

“Other” 
Arguments 

 
 

Yearly 
Totals 

 
 

Author 
% of Total 
Arguments 

Valence +       - +       - +       - +       -   
       

Medical Doctors 
1986 
1988 

 
   1      0 
   0      0 

 
    0     1 
    1    10 

 
     9       0 
     6       3 

 
   2     0 
   5     0 

 
13 
25 

 
38 
(1%) 

Science Writers 
1986 
1987 
1988 
1989 
1990 
1991 

 
  12      3 
  11     13 
  17      2 
  15     11 
  11      5 
   1      5 

 
    9    24 
   49   104 
   69   112 
   87    60 
   36    91 
   38    44 

 
    50      10 
    88      27 
   139      28 
   245      95 
   166      45 
   219      67 

 
   2     0 
   8    15 
  75    11 
  86    24 
  38    28 
  32    46 

 
110 
315 
453 
623 
420 
452 

 
 
 

2373 
(31%) 

Scientists 
1986 
1987 
1988 
1989 
1990 
1991 

 
   4      0 
   1      0 
  30      1 
  21      2 
  47     19 
   3      4 

 
    1     0 
    3     2 
  250    82 
  201    39 
  284   200 
    7    31 

 
     1       5 
     3       5 
   355      46 
   326      62 
   481     126 
    37      14 

 
   0     0 
   1     0 
  98     5 
 154    36 
  96    36 
   3    27 

 
11 
15 
867 
841 
1289 
126 

 
 
 

3149 
(42%) 

Lay Writers 
1988 
1989 
1990 
1991 

 
   0      0 
   0      0 
   1      8 
   0      0 

 
    0     4 
    1     0  
    6    25 
    4     8 

 
    15      10 
     5      14 
     6      18 
    20      33 

 
   2     3 
   0     0 
   1     1 
   0     4 

 
34 
20 
66 
69 

 
 

189 
(2%) 

Politicians 
1988 
1989 
1990 
1991 

 
  51     25 
  12      9 
   4      8 
   0      0 

 
  217   144 
   52    29 
   39    21 
    0     1 

 
   296     103 
    86      55 
    31       5 
     8       5 

 
 225    89 
  55    23 
  10     5 
   0     5 

 
1150 
321 
123 
19 

 
 

1613 
(21%) 
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Appendix 4-2 

cont. 
      

 
Author/ 
Year of 

Publication 

 
 

Applied/Basic 
Arguments 

 
Big/Little 
Science 
Arguments 

Medical, Social, 
Scientific 
Benefit/Risk 
Arguments 

 
 

“Other” 
Arguments 

 
 

Yearly 
Totals 

 
 

Author 
% of Total 
Arguments 

Valence +       - +       - +       - +       -   
       

Lawyer 
1989 
1990 

 
   0      0 
   0      0 

 
    1     1 
    1     2 

 
     3      12 
    24      69 

 
   0     0 
   0     1 

 
17 
97 

 
114 
(2%) 

Science 
Businessman 

1988 
1990 

 
 
   2      2 
   3      0 

 
 
    9     1 
    6     0 

 
 
     6       1 
     6       0 

 
 
   2     0 
   1     0 

 
 
23 
16 

 
 
39 
(1%) 

Science Ethicist 
1988 

 
   0      0 

 
   10     2 

 
    19      15 

 
   1     0 

 
47 

 
47 
(1%) 

Totals 
% of All 
Arguments 

 247    117 
  
 (3%)  (2%)    

 1381  1038 
  
 (18%) (14%) 

  2650     873 
   
  (35%)   (12%) 

 897   359 
 
(12%)  (5%) 

 
7562 

 
7562 

+ = positive arguments 
- = negative arguments 

_____________________________________________________________________________________________________ 
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____________________________________________________________________________________ 
Appendix 4-3 

Enumeration of Arguments by Category for Place of Publication 1986-1991 
Place of 

Publication/ 
Year of 

Publication 

 
 

Applied/Basic 
Arguments 

 
Big/Little 
Science 
Arguments 

Medical, Social, 
Scientific 
Benefit/Risk 
Arguments 

 
 

“Other” 
Arguments 

 
Total 
Yearly 

Arguments 

 
 

Publication 
Totals 

Valence* +       - +       - +       - +       -   
       
Science magazine 

1986 
1987 
1988 
1989 
1990 
1991 

 
   16     3 
   12    13 
   12     0 
   10     6 
   22     5 
    4     9 
 

 
    2     11 
   17     22 
   20     18 
   16     29 
   32     51 
   20     38 

 
   26      7 
   23     13 
   42     16 
   57     30 
  170     37 
   87     38 

 
   4    0 
   6   13 
  38    6 
  59   19 
  56   33 
  18   77 

 
    69 
   119 
   152 
   226 
   406 
   291 

 
 
 
 
 1263   (17%) 

The Boston Globe 
1986 
1987 
1988 
1989 
1990 
1991 

    
    1     0 
    0     0 
    0     0 
    0     0 
    0     0 
    0     0 

 
    8     14 
    9     53 
    1      3 
    8      6 
    1      1 
    4     10 

 
   34      8 
   17      4 
    9      0 
   37     15 
   14     11 
   20     22 

 
   0    0 
   0    0 
   2    1 
   6    1 
   0    0 
   0    0 

 
    65 
    83 
    16 
    73 
    27 
    56 

 
 
 
  320    (4%) 

The Washington 
Post 

1987 
1988 
1989 
1990 
1991 

 
 
    0     0 
    1     1 
    2     3 
    1     8 
    0     0 

 
 
   26     31 
    5     24 
   16     14 
    7     26 
    9     22 

 
 
   51     15 
   36     10 
   46     20 
   13     19 
   33     37 

 
 
   3    2 
   3    3 
   2    1 
   1    1 
   0    4 

 
    
   128 
    83 
   104 
    76 
   105 

 
 
 
       
   496   (7%) 

NIH Pamphlet 
1991 

 
    0     0 

 
   15      8 

 
 127     14      

 
  17    0 

 
   181 

 
   181   (2%) 

Mapping Our 
Genes       1988 

 
   48    25 

 
  155    114 

 
  233     86 

 
 194   89 

 
   944 

 
  944  (12%)  
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Appendix 4-3 
cont. 

      

Place of 
Publication/ 

Year of 
Publication 

 
 

Applied/Basic 
Arguments 

 
Big/Little 
Science 
Arguments 

Medical, Social, 
Scientific 
Benefit/Risk 
Arguments 

 
 

“Other” 
Arguments 

 
Total 
Yearly 

Arguments 

 
 

Publication 
Totals 

Valence +        - +        - +         - +       -   
       
C&EN        1988 
           1989 
           1990 
           1991 

   0     0 
   4     2 
   0     2 
   0     0 

    1      2 
   23      6 
   10      4 
    1      6 

    4       2 
   28       9 
   37       1 
   17       2 

   0     0 
   6     4 
   2     0 
   0     1 

      9 
     82 
     56 
     27 

  
 
  174    (2%) 

Congressional 
Testimony 

1988 
1989 
1990 

 
 
  19     2 
  32    10 
  42    25 

 
 
  235     66 
  216     59 
  306    201 

 
 
  257      42 
  294     113 
  438     174 

 
 
 104     3 
 189    52 
  84    27 

 
 
    728 
    965 
   1297 

 
 
 
 2990   (40%) 

JAMA        1988 
           1989 

   1     0 
   0     0 

   39     19 
   16      5 

   29       2 
   59      15 

  22     2 
  10     6 

    105 
    111 

 
  216    (3%) 

The New York 
Times       1988 
           1989 
           1990 
          1991 

 
   3     1 
   0     1 
   1     0 
   1     0 

 
    3     68 
   13      2 
   16     56 
    0      0 

 
   34      11 
   39      33 
   42      21 
    0       6 

 
  12     2 
  19     0 
   3    10 
   0     0 

 
    134 
    107 
    149 
      6 

 
 
 
  396    (5%) 

NRC         1988   16     1    97     50   192      37   33     2     428   428    (6%) 
DoE         1989    0     0    34      8   105       3    4     0     154   154    (2%) 
Total Arguments 

% of Total 
Arguments 

 247   117 
 (3%)  (2%)   

 1381   1038 
 (18%)  (14%) 

 2650     873 
 (35%)   (12%) 

 897   359 
(12%)  (5%) 

 
7562 

 
7562 

   + = positive arguments                    
   - = negative arguments 

____________________________________________________________________________________ 
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Appendix 4-4 

Enumeration of Argument Author and Places of Publication 1986-1991 
 

Place of 
Publication 

Lay 
Authors 

 
M.D.s 

 
Lawyer 

 
Politicians 

Science 
Businesman 

 
Scientists 

Science 
Ethicist 

Science 
Writers 

Total 
Arguments 

          
Boston Globe 

1986 
1987 
1988 
1989 
1990 
1991 

 
0 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 
0 

 
65 
83 
16 
73 
27 
56 

 
65 
83 
16 
73 
27 
56 

C&EN 
1988 
1989 
1990 

         1991 

 
0 
0 
0 
0 

 
0 
0 
0 
0 

 
0 
0 
0 
0 

 
0 
0 
0 
0 

 
0 
0 
0 
0 

 
0 
0 
11 
16 

 
0 
0 
0 
0 

 
9 
82 
45 
11 

 
9 
82 
56 
27 

Congressional 
Testimony 

1988 
1989 
1990 

 
 
0 
0 
0 

 
 
12 
0 
0 

 
 
0 
17 
97 

 
 

206 
305 
123 

 
 
23 
0 
16 

 
 

439 
643 
1061 

 
 
47 
0 
0 

 
 
1 
0 
0 

 
 

728 
965 
1297 

DoE 
1989 

 
0 

 
0 

 
0 

 
0 

 
0 

 
154 

 
0 

 
0 

 
154 

  Mapping Our 
   Genes? 

1988 

 
0 

 
0 

 
0 

 
944 

 
0 

 
0 

 
0 

 
0 

 
944 

JAMA 
1988 
1989 

 
0 
0 

 
0 
0 

 
0 
0 

 
0 
0 

 
0 
0 

 
0 
0 

 
0 
0 

 
105 
111 

 
105 
111 

NIH 
1991 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
181 

 
181 

NRC 
1988 

 
0 

 
0 

 
0 

 
0 

 
0 

 
428 

 
0 

 
0 

 
428 
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Appendix 4-4 
cont. 

         

Place of 
Publication 

Lay 
Authors 

 
M.D.s 

 
Lawyer 

 
Politician

Science 
Businessman 

 
Scientists

Science 
Ethicist 

Science 
Writers

Total 
Arguments 

          
New York 
Times 

1988 
1989 
1990 
1991 

 
 
0 
0 
0 
0 

 
 
13 
0 
0 
0 

 
 

0 
0 
0 
0 

 
 
0 
0 
0 
7 

 
 
0 
0 
0 
0 

 
 
0 
0 
34 
0 

 
 
0 
0 
0 
0 

 
 

121 
100 
115 
6 

 
 

134 
100 
149 
13 

1986 
1987 
1988 
1989 
1990 
1991 

 
0 
0 
0 
0 
0 
0 

 
13 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 
0 

 
0 
0 
0 
9 
0 
19 

 
0 
0 
0 
0 
0 
0 

 
11 
15 
0 
44 
183 
74 

 
0 
0 
0 
0 
0 
0 

 
45 
104 
152 
173 
223 
198 

 
69 
119 
152 
226 
406 
291 

Washington Post 
1987 
1988 
1989 
1990 
1991 

 
0 
34 
20 
66 
69 

 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
36 

 
0 
0 
0 
0 
0 

 
128 
49 
84 
10 
0 

 
128 
83 
104 
76 
105 

Total 
Arguments 

189        38 114 1613 39 3149 47 2373 7562

Science 

 
_______________________________________________________________________________

 251



Appendix 4-5  
Suggested Text for Anti-HGP Letter Writing Campaign 

 
___________________________________________________________ 

 
The Honorable John Doe 
U.S. House of Representatives 
Washington, D.C.  20515 
 
Or 
 
U.S. Senate 
Washington, D.C.  20510 
 
Dear Representative or Senator Doe: 
 
 A radical policy change is occurring in the National 
Institutes of Health.  It is being implemented without 
proper debate, and is adversely affecting the progress of 
medical research.  Furthermore, it is reversing a policy 
that was established by Congress to ensure that each region 
of the country receive its share of NIH funding. 
 
 I am referring to the Human Genome Project, which is, 
as you are probably aware, an effort to sequence the entire 
human genome.  I strongly urge you to keep this project out 
of the N.I.H. 
 
 Although sequencing the entire human genome is 
certainly harmless in itself, it is far less important than 
other ongoing and potential new lines of research.  Since 
new funds are not being appropriated for the human genome 
project and this money is currently being derived from 
existing programs, the project will actually impede medical 
research. 
 
 The problem is not really too technical to explain to 
the non-scientist. 
 
 Somewhere between 95 and 98% of the human genome 
consists of what biologists commonly call “junk” DNA.  This 
is DNA which does not transmit information to the cell, and 
which most likely serves no function. 
 
 Genetic defects related to disease are, of course, 
found in about 2% of the human genome which contains 
functional genes.  Most genes involved in disease can be 
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located and sequenced without sequencing the entire genome 
-- in fact, this is already being done, and does not 
require an “initiative” or a massive diversion of funds. 
 
 More importantly, locating and sequencing genes 
involved in disease does not automatically lead to a cure 
for disease.  For example, the location and sequence of the 
sickle cell anemia gene has been known for over 20 years, 
and no cure has been developed.  In order to cure disease, 
all aspects of the structure and function of the genome, 
the cell and the organism must be understood.  It is not 
enough to know the sequence of the gene.  And as funds are 
being diverted from other avenues of inquiry in order to 
sequence the most irrelevant DNA sequences of the entire 
human genome, the conquest of disease and other important 
technological advances will be hindered. 
 
 The diversion of funds to the human genome project, 
and hence away from the broader biological research 
projects, has additional undesirable national policy 
implications.  First, the hundreds of millions of taxpayer 
dollars that have been invested in training today’s 
scientists -- arguably the best in the world -- will be 
wasted as productive, promising laboratories are unfunded.  
It is important to point out that these scientists who are 
so important to our technological competitiveness cannot 
merely redirect their research into the human genome 
project.  The human project is a massive scientific 
assembly line which requires very few scientifically 
trained minds and an army of specialized technicians.  It 
cannot make use of a fraction of our country’s investment 
in highly trained and talented scientists.  Secondly, the 
human genome project, its nature, involves unimaginative, 
repetitive and routine tasks.  If we can’t offer our 
brightest, most creative young minds the promise that they 
will be able to engage in challenging, innovative research, 
they will simply leave science. 
 
 Third, the human genome project is threatening to 
change the American system of support for biomedical 
research.  Sequencing the human genome will tend to 
concentrate research in large laboratories in a small 
number of elite locations.  The concentration of funds in a 
small number of centers will be a setback to developing a 
geographically broad-based high technology economy, and 
will have long-term negative impact on regional and local 
economic development.  There is some disagreement among 
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responsible scientists about whether the human genome 
project would be worth doing in the hypothetical case that 
it could be funded in addition to normal science funding.  
But among those scientists whose personal power is not 
enhanced by this diversion of funds, there is an unusual 
degree of consensus that the scientific knowledge gained by 
the monumental and routine task of sequencing the human 
genome would not measure up to the amount of scientific and 
medical knowledge which will be lost by the curtailment of 
the more diverse, inspired and problem-oriented medical 
research.  In fact, given the amount of money realistically 
available to biomedical research, there is an unusual 
consensus among responsible scientists that the very goals 
that the human genome initiative purports to attain -- the 
curing of human disease -- will be actually hurt because 
more medically relevant and effective research programs 
will be unfunded.  We, the silent majority of the 
scientific community, urge you to help us defeat the human 
genome initiative, unless it can be funded with new money. 
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Appendix 5-1a 
 

Enumeration of Use of Rhetorical Devices 1986-1991 
 

Year→ 
Rhetorical 
Strategy ↓ 

 
1986 

 
1987 

 
1988 

 
1989 

 
1990 

 
1991 

 
Totals 

        
Metaphor 

+ 
- 

 
  34 
   9 

 
  59 
  28 

 
 335 
  77 

 
 327 
  66 

 
 281 
  88 

 
 135 
  24 

 
  
 1463 

Narrative 
+ 
- 

 
  42 
  16 

 
  75 
  82 

 
 747 
 230 

 
 499 
 162 

 
 365 
 205 

 
 135 
 101 

 
  
 2659 

Word Choice 
+ 
- 

 
  15 
  18 

 
  30 
  56 

 
 818 
 392 

 
 525 
 243 

 
 652 
 420 

 
 102 
 169 

 
  
 3440 

TOTALS  134     330  2599 1822  2011   666   7562 
 

+ = positive argument 
- = negative argument
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Appendix 5-1b 
 

Percentage of Use of Rhetorical Devices 1986-1991 
 

Year→ 
Rhetorical 
Strategy ↓ 

 
1986 

 
1987 

 
1988 

 
1989 

 
1990 

 
1991 

All Year Totals 

        
Metaphor 

+ 
- 

 
25% 
7% 

 
18% 
8% 

 
13% 
3% 

 
18% 
4% 

 
14% 
4% 

 
20% 
4% 

 
19% 

Narrative 
+ 
- 

 
31% 
12% 

 
23% 
25% 

 
29% 
9% 

 
27% 
9% 

 
18% 
10% 

 
20% 
15% 

 
35% 

Word Choice 
+ 
- 

 
11% 
13% 

 
9% 
17% 

 
31% 
15% 

 
29% 
13% 

 
32% 
21% 

 
15% 
25% 

 
45% 

 
+ = positive argument 
- = negative argument
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Appendix 5-2 
Enumeration of Use of Rhetorical Devices by Place of Publication 

1986-1991 
Place of 

Publication/ 
Year of 

Publication ↓ 

 
 

Metaphors 
 

 
 

Narratives 

 
Word 

Choices 

 
 

Total  Total     TOTAL 

 
 
TOTALS FOR 
 THE YEAR 

Valence → +      - +      - +      -   +      -  
      

Science  
1986 
1987 
1988 
1989 
1990 
1991 

 
12     4 
19    10 
13     6 
45    16 
71  11 
38     7 

 
6     28 

30     37 
62     14 
64     35 

131     59 
 53     42 

 
   11     8 

9    14 
   37    20 
   33    33 
   78    56 
   38   113 

 
 29      40         69 
 58      61        119 
112      40        152 
142      84        226 
280     126        406 
129     162        291 

 
 
   1263 
   (17%) 
 

The Boston Globe 
1986 
1987 
1988 
1989 
1990 
1991 

 
  22     5 
  13     8 
   6     0 
  20     0 
   5     3 
   8     7 

 
 14     10 
  7     17 
  5      2 
 18     17 
  6      7 
  9     16 

 
    7     7 

  6    32 
  1     2 
 13    15 
  4     2 
  7     9 

 
 43      22         65 
 26      57         83 
 12       4         16 
 51      52         73 
 15      12         27 
 24      32         56 

 
 
    320 
    (4%) 

The Washington 
Post 
1987 
1988 
1989 
1990 
1991 

 
   
  27    10 
  21     6 
  30    12 
   9    11 
   8     7 

 
  
 38     28 
 17     20 
 22     19 
  7     24 
 21     31 

 
 
    15   10 
    7   12    
    14    7 
     6   19 
    13   25 

 
 80      48        128 
 45      38         83 
 66      38        104 
 22      54         76 
 42      63        105 

 
 
    496 
    (7%) 

NIH Pamphlet 
1991 

 
  70     1 

 
 47      5 

 
    42   16 

 
159      22        181 

 
    181 
    (2%) 

Mapping Our Genes 
1988 

 
  78    32 

 
327     88 

 
   225  194 

 
630     314        944 

 
    944 
   (12%) 
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Appendix 5-2 
continued 

     

Place of 
Publication/ 

Year of 
Publication ↓ 

 
 

Metaphors 
 

 
 

Narratives 

 
Word 

Choices 

 
 

Total  Total     TOTAL 

 
 
TOTALS FOR 
 THE YEAR 

Valence → +      - +      - +      -   +      -  
      

C&EN 
1988 
1989 
1990 
1991 

 
  2    0 
 14    2 
  3    0 
 11    0 

 
    2    1 
   35    6 
   32    6 
    5    4 

 
   1    3 
  12   13 
  14    1 
   2    5 

 
  5       4        9 
 61      21       82 
 49       7       56 
 18       9       27 

 
 
    174 
    (2%) 

Congressional 
Testimony 

1988 
1989 
1990 

 
 
121   11 
104   22 
178   49 

 
 
  172   28 
  235   58 
  149   66 

 
 
 322   74 
 392  154 
 543  312 

 
 
615     113      728 
731     234      965 
870     427     1297 

 
 
   2990 
   (40%) 

JAMA 
1988 
1989 

 
 21    3 
 33    5 

 
   42    5 
   40   13 

 
  28    6 
  12    8 

 
 91      14      105 
 85      26      111 

 
    216 
    (3%) 

The New York Times 
1988 
1989 
1990 
1991 

 
 12   10 
 21    6 
 15   14 
  0    2 

 
   31   49 

 35   24 
 40   43 
  0    3 

 
   9   23 
  14    6 

 6   30 
 0    1 

 
 52      82      134 
 71      36      107 
 62      87      149 
  0       6        6 

 
 
  396 
  (5%) 

NRC 
1988 

 
 61    9 

 
    89   23 

 
  188   58 

 
338       90     428 

 
    428 
    (6%) 

DoE 
1989 

 
 60    3 

 
    49    0 

 
   34    8 

 
143       11     154 

 
    154 
    (2%) 

TOTALS 1171   282 1863    796 2142    1298 5176     2386 7562 
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Appendix 5-3 
Enumeration of Use of Rhetorical Devices by Author 

1986-1991 
Author of 

Publication/ 
Year of 

Publication ↓ 

 
 

Metaphors 
 

 
 

Narratives 
 

 
 

Word Choice 
 

 
 

TOTALS 

Valence → +         - +         - +         -  

Medical 
Doctors 
1986 
1988 

 
 
    7         1 
    3         3 

 
 
   5         0 
   2         4 

 
 
    0          0 
    7          6 

 
 
  13 
  25        38 

Science 
Writers 
1986 
1987 
1988 
1989 
1990 
1991 

 
 
   27         7 
   58        24 
   67        20 
  147        33 
   69        19 
  109        13 

 
 
  32        15 
  82        67 
 166        67 
 200        85 
 117        84 
 101        48 

 
 
   14         15 
   31         53 
   88         45 
   86         72 
   65         66 
   80        101 

 
 
 110 
 315 
 453 
 623 
 420 
 452      2373 

Scientists 
1986 
1987 
1988 
1989 
1990 
1991 

 
    0         1 
    2         3 
  145         7 
  138        16 
  190        45 
   17         7 

 
   5         1 
   8         0 
 190        32 
 248        35 
 219        75 
  23        28 

 
    1          3 
    1          1 
  405         88 
  316         88 
  499        261 
   10         41 

 
  11 
  15 
 867 
 841 
1289 
 126      3149 

Lay Writers 
1988 
1989 
1990 
1991 

 
    2         8 
    3         3 
    3        11 
    6         4 

 
   5         9 
   1        10 
   6        23 
   9        23 

 
    4          6 
    2          1 
    5         18 
    9         18 

 
  34 
  20 
  66 
  69       189 
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Appendix 5-3 
continued 

    

Author of 
Publication/ 

Year of 
Publication ↓ 

 
 

Metaphors 
 

 
 

Narratives 
 

 
 

Word Choice 
 

 
 

TOTALS 

Valence → +           - +           - +           -  
     

Politicians 
1988 
1989 
1990 
1991 

 
  100        45 
   39        13 
   15         4 
    3         0 

 
 377        99 
  50        30 
  13        10 
   2         2 

 
  420        109 
  116         73 
   56         25 
    3          9 

 
1150 
 321 
 123 
  19       1613 

Science 
Businessmen 

1988 
1990 

 
 
    0         0 
    2         0 

 
 
  15         0 
   6         0 

 
 
    8          0 
    8          0 

 
 
  23 
  16         39 

Patent Lawyers 
1989 
1990 

 
    0         1 
    2         9 

 
 
   0         2 
   4        13 

 
 
    4         10 
   19         50 

 
 
  17 
  97        114 

Science 
Ethicists 

1988 

 
 
    12         0 

 
 
  11         0 

 
 
   20          4 

 
 
  47         47 

TOTALS 1463 (19%) 2659 (35%) 3440 (45%) 7562 
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Appendix 5-4 

Enumeration of Use of Rhetoric Device by Argument Category 
1986-1991 

 
 
 

Argument Type 
and Year 

 
 

Metaphoric 
Language 

 
 
 

Narratives 

 
Selective 

Word 
Choice 

Totals 
and Percent 
of Total 
Arguments 

Positive 
Applied/Basic 

1986 
1987 
1988 
1989 
1990 
1991 

 
 
0 
4 
8 
7 
8 
1 

 
 

12 
6 
49 
20 
20 
2 

 
 
2 
2 
43 
21 
38 
1 

 
 
 

247 
(3%) 

Negative 
Applied/Basic 

1986 
1987 
1988 
1989 
1990 
1991 

 
 
0 
1 
1 
3 
5 
0 

 
 
1 
10 
8 
7 
11 
3 

 
 
1 
2 
21 
12 
24 
6 

 
 
 

117 
(2%) 

Positive 
Big/Little 
Science 
1986 
1987 
1988 
1989 
1990 
1991 

 
 
 
0 
9 
72 
60 
52 
7 

 
 
 
3 
28 
228 
119 
80 

13 29 

 
 
 
4 
15 
256 
163 
240 

 
 
 
 
 

1381 
(18%) 

Negative 
Big/Little 
Science 
1986 
1987 

 
 

1988 
1989 
1990 
1991 

 

 
0 
20 
38 
17 
39 
10 

 
 
6 
42 
136 
41 
91 
33 

 
 
 

13 
44 
181 
72 
209 
41 

 
 
 
 

1038 
(14%) 
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Appendix 5-4 
continued 

    

 
 

Argument Type 
and Year 

 
 

Metaphoric 
Language 

 
 
 

Narratives 

 
Selective 

Word 
Choice 

Totals 
and Percent 
of Total 
Arguments 

     
Positive 
Medical, 
Social, 

Scientific 
Benefits 
1986 
1987 
1988 
1989 
1990 
1991 

 
 
 
 
 

42 
42 
220 
224 
197 
119 

 
 
 
 
 

25 
37 
304 
247 
223 
89 

 
 
 
 
 
8 
12 
312 
194 
294 
76 

 
 
 
 
 
 
 

2650 
(35%) 

Negative 
Medical, 
Social, 

Scientific 
Benefits 
1986 
1987 
1988 
1989 
1990 
1991 

 
 
 
 
 
0 
7 
35 
34 
37 
13 

 
 
 
 
 
9 
20 
70 
91 
89 
49 

 
 
 
 
 
4 
5 

101 
113 
137 
57 

 
 
 
 
 
 
 

873 
(12%) 

Positive 
“Other” 
1986 
1987 
1988 
1989 
1990 
1991 

 
 
1 
4 
35 
36 
24 
8 

 
 
2 
4 

166 
113 
42 
15 

 
 
1 
1 

207 
146 
80 
12 

 
 
 
 

897 
(12%) 

Negative 
“Other” 
1986 
1987 
1988 
1989 
1990 
1991 

 
 
0 
0 
3 
12 
7 
1 

 
 
0 
10 
16 
23 
14 
16 

 
 
0 
5 
89 
48 
50 
65 

 
 
 
 

359 
(5%) 

TOTALS 1463 (19%) 2659 (35%) 3440 (45%) 7562 
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Appendix 5-5: 
Analysis of Use of Rhetorical Device in Arguments in 

Congressional Testimony Only and All Arguments Without 
Congressional Testimony  

 
 

Rhetorical 
Device ↓ 

 
Number of Arguments 
in Congressional 
Testimony Only2* 

All Arguments for the 
Year Minus Arguments 
in Congressional 

Testimony276 
Valence → +         - +         - 

   
1988 

Metaphor (+) 
(-) 

 
 

Narrative (+) 
(-) 

 
 

Word Choice (+) 
(-) 

 
 

Yearly Totals 

 
  121

 

 

 

 

a           - 

   -        11a 
 
   
  172a           -               

    -        28a 
 

  322a           - 
    -       74a 

 

728a 

   214c             - 
     -         66b 
 
    
   575b             - 
     -        202b 
 
    
   496b             - 
     -        318b 
 

1871b 
1989 

Metaphor (+) 
(-) 

 

 

    -       22

 

 
Narrative (+) 

(-) 
 
 

Word Choice (+) 
(-) 

 
 

Yearly Totals 

  104a            - 
a 

 
      
  235a            - 
    -       58a 
 
       
  392a            - 
    -      154a 
 
               

965a 

   223b              - 
     -         44b 
 
        
   264a              - 
     -        104b 
 
        
   133b              - 
     -         89b 
 
               

857a 

                                                           
276 Test for alternative hypothesis for proportions,     
   where H1: CT ≠ ½ all:    CT - 1.5 x all 
            √  ½ x all 
From R. E. Walpole, and R. H. Myers. (1989). Probability 
and Statistics for Engineers and Scientists 4th ed. (New 
York: MacMillan), 331; and E. S. Pearson and  
H. O. Hartley. (1966).  Biometrika Tables for 
Statisticians, Vol. I, 3rd ed. (Cambridge: Cambridge UP), 
146. 
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Appendix 5-5 
cont. 

  

 
Rhetorical 
Device ↓ 

 
Number of Arguments 
in Congressional 
Testimony Only2* 

All Arguments for the 
Year Minus Arguments 
in Congressional 

Testimony 
Valence → +         - +         - 

   
1990 

Metaphor (+) 
(-) 

Narrative (+) 

  

        

 
 

(-) 
 
 

Word Choice (+) 
(-) 

 
 

Yearly Totals 

   178a              - 
     -        49a 
 
       
   149a              - 
     -        66a 
 
       
   543a               - 
     -       312a 
 
              

1297a 

    103b               - 
      -         39a 
 
        
    216b               -     
      -        139c 
 

    109b               - 
      -        108b 
 
               

714b 
 

  are significantly different at p = < .04.

a The numbers in the same row with the same letter are  
  not significantly different. 
b The numbers in the same row with different letters  
  are significantly different at p = < .001. 
c The numbers in the same row with different letters   
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