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Novelty and Heresy in the
Debate on Nonthermal Effects
of Electromagnetic Fields

Carolyn R. Miller

Tae CoNnTROVERSY ABOUT EMF BIOEFFECTS

Do cell phones cause brain cancer?® Are electric blankets safe? Is child-
hood leukemia, or breast cancer, caused by electric power lines? Should
we worry about all the radio and television broadcast transmissions
that surround us? Among the many risks that seem to plague contem-
porary life are electromagnetic fields (EMFs), forms of radiation that

* Disclosure: I am married to one of the proponents in the bioeffects debate,
a founder of the Bioelectromagnetics Society; his research is not cited or
discussed in this chapter. Abbreviations: A complete list of abbreviations used
in this essay (and there are many) is given at the end. Acknowledgements: This
chapter was initially conceived as a collaborative effort with Dale Sullivan,
and I have benefited greatly from many conversations and exchange of
ideas with him. Unfortunately, he was not able to continue contributing to
the project. I am also grateful to Dr. Louis Slesin, editor and publisher of
Microwave News, and to Dr. Carl Blackman, research biologist at the U.S.
Environmental Protection Agency, for many helpful comments that helped
ensure that the scientific details are accurately represented. Any remaining
errors are my responsibility.
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are emitted by many commonplace technologies. Several government
reports, multiple liability lawsuits, frequent Congressional testimony,
and extensive coverage in the mass media have helped alert us to the
possible health effects of this invisible part of our environment.! The
questions about safety have been controversial because the scientific
research into biological and health effects of EMFs has been inconclu-
sive. A 1992 “News and Comment” item in the journal Science sum-
marized the state of EMF research as “deeply tortured,” calling it a
world “where deeply held points of view function like opposite poles,
and between them stretches a powerful force field that whips the lay
media into a frenzy. What keeps the force field strong is a lack of con-
clusive data to settle the EMF—cancer question” (Stone 1992, 1724).
Little has changed in the intervening years.

The scientific polarization is strong enough that several observ-
ers have attributed it to a Kuhnian “paradigm shift” (Becker 1991;
Morgan 1990; Nair 1990). Indeed, the polarization is characterized
by seemingly incommensurable understandings of the interaction of
fields with biological systems. My purpose in this essay is to examine
these understandings and the debates about them from a rhetorical
perspective, to give a rhetorical account of what has been called incom-
mensurability. My examination is in two major parts: first, a topical
analysis of the preferred lines of argument of the two sides in the scien-
tific debate illustrates in some detail the rhetorical constituents of in-
commensurability; and second, an analysis of the defensive strategies
used by those resisting paradigm change highlights the socio-politi-
cal dynamics that arise from and reinforce failures of comprehension.
The EMF case involves a number of issues that complicate Kuhn’s and
Feyerabend’s discussions of scientific change, including the conduct
of interdisciplinary science and the influence of social and political
interests, such as the military and industry. Together these issues focus
our attention on the forums in which debate occurs and judgments
are made.

In EMF research, the conventional scientific understanding has
been that fields of the kinds represented by microwaves, communica-
tions bands, and electric power could not have effects on biological
systems other than heating, because they do not have sufficient en-
ergy to break chemical bonds and create the charged particles called
ions. These fields in the frequency range below visible light in the
electromagnetic spectrum, with long wavelengths and low frequen-
cies, are therefore classified as non-ionizing radiation (see Figure 1).
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Figure 1. Electromagnetic spectrum. Electromagnetic fields at frequencies
in the ultraviolet region and above are classified as ionizing radiation be-
cause they have sufficient energy to create charged particles (ions) by break-
ing chemical bonds, which is a non-thermal effect. Nonionizing radiation
includes visible light as well as other conventionally named frequency bands
with common applications. The conventional scientific understanding is
that fields in these frequency bands can have only thermal effects, but this
understanding has been unsettled since the 1970s by an accumulation of
anomalous epidemiological and laboratory research.

In contrast, EMFs in the range above visible light, such as x-rays and
gamma rays, with short wavelengths and high frequencies, are classi-
fied as ionizing radiation, and it is well accepted that they can cause
nonthermal biological effects, including genetic mutations and cancer.
Another reason underlying the assumption that nonionizing radiation
is safe is that the electric fields that already exist within biological
systems are much larger than those that can be created by external
sources like power lines. Thus, the addition of relatively weak external
fields to these internal background fields, or “noise,” should not have
detectable effects.

Bioeffects research is complicated by three facts. First, various fre-
quency bands have different properties that make them not only use-
ful for different applications (as suggested by their ordinary-language
names) but also potentially capable of having different biological ef-
fects. Second, EMFs can vary not only in their frequency (and cor-
responding wavelength) and intensity (“brightness”) but also in their
wave forms: they can be “pulsed” and “modulated” in ways that change
their properties, multiplying the number of variables that must be con-
trolled and examined in research designs. And third, the relationship
between the electric and magnetic components of EMFs changes with
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frequency and with distance from the transmitting source, so that at
lower frequencies these components must be considered and controlled
separately.

The accepted understanding that nonionizing EMFs are harmless
has been perturbed by anomalous research findings. These findings
are of two basic kinds, epidemiological studies of human health and
laboratory studies of cell and animal systems. One early sign that the
conventional understanding might be inadequate was a 1979 epide-
miological study of childhood leukemia in Denver that showed a cor-
relation with high EMF exposure from power lines (Wertheimer and
Leeper 1979). As a 1990 Science “News and Comment” item noted
about this study, “almost no one believed it” (Pool 1990, 1096). There
were problems with the study, which had been done with essentially
no funding support, including the fact that exposure could not be di-
rectly measured but was inferred from inspection of power lines out-
side residences, and the fact that the coding of exposures was not done
blind. But in 1988, the study was replicated with an improved meth-
odology and showed a risk factor of 1.5 (children with high exposures
were 1.5 times as likely to develop cancer as those with low exposures)
(Savitz et al. 1988).

Another set of anomalous results came from laboratory cell- and
tissue-culture studies also beginning in the 1970s. This work showed
that weak fields at extremely low frequencies (ELF) as well as at radio
frequencies (RF) affected the rate at which calcium ions flow out of
the cell membrane in brain tissue; because calcium ions are involved in
the functioning of the cell membrane and specifically in neuron func-
tion, these findings had possible biological significance. One study
in 1976 reported an unusual pattern of response: rather than an ef-
fect that continually increased with increasing amplitude (power), the
effect increased and then decreased at higher amplitudes; a similar
“window” effect was observed for increasing frequencies, with a “max-
imal field sensitivity at ‘biological’ frequencies” (Bawin 1976, 2001).
This window effect was replicated at a range of frequencies and pow-
ers. These experiments, as well as others on DNA synthesis and RNA
transcription, kinetics of some cellular biochemistry, and responses to
hormones and other signaling molecules, produced results that were
difficult to replicate, often transient, and sensitive to apparently small
changes in experimental conditions, all of which provoked “consider-
able skepticism in established circles” (Morgan 1990, 119).



468 Carolyn R. Miller

The anomalous nature of many of the scientific findings in this
area and the resistance and skepticism with which they have been met
are consistent with Kuhn’s description of the early stages of a para-
digm change (granting all the ambiguities of that phrase), and the
persistence of incompatible interpretations of many research findings
suggests incommensurable understandings of the phenomena being
observed. Kuhn noted that “The reception of a new paradigm often
necessitates a redefinition of the corresponding science” (Kuhn 1996,
103), and such a redefinition began in this case with the formation
of a new scientific society devoted to the study of biological effects of
EMFs. The society was founded in 1978, just as these early findings
started coming in. The following year, it sponsored its first annual
meeting and published the first issue of its journal, Bioelectromagnet-
ics. In 1993 Ross Adey, the scientist responsible for some of the earliest
calcium ion work, claimed confidently that “there is a reasonable pros-
pect that bioelectromagnetics may emerge as a separate biological dis-
cipline, having developed unique tools and experimental approaches
in a search for essential order in living systems” (Adey 1993, 415).

Those who remain skeptical, however, have continued to see the
accumulation of anomalous results as evidence of error, incompetence,
vested interest, and even fraud. The continuing “polarization” de-
scribed in the 1992 Science article is well illustrated by two statements
released by scientific societies in the mid-1990s. The first, from the
American Physical Society, reflects the traditional view of EMFs:

The scientific literature and the reports of reviews by
other panels show no consistent, significant link be-
tween cancer and power line fields. This literature
includes epidemiological studies, research on biologi-
cal systems, and analyses of theoretical interaction
mechanisms. No plausible biophysical mechanisms
for the systematic initiation of promotion of cancer
by these power line fields have been identified. Fur-
thermore, the preponderance of the epidemiological
and biophysical/biological research findings [... has]
failed to substantiate those studies which have re-
ported specific adverse health effects from exposure
to such fields. [. . .TThe conjectures relating cancer to
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power line fields have not been scientifically substan-
tiated. (American Physical Society 1995)

The second, a letter to Congress from the Bioelectromagnetics Society,
was in part a response to the first:

[Ellectric and magnetic fields, unlike many other en-
vironmental agents, are not characterized by a single
quantity but involve many different factors. [. . .] A
wealth of published, peer-reviewed scientific evidence
indicates that exposure to different combinations of
electric and magnetic fields consistently affects bio-
logical systems in the living body as well as in labora-
tories [. . .] Major strides have been made in the past
20 years of research in this area. The program has
only recently expanded to a critical mass of interdisci-
plinary and multi-laboratory effort that, in our opin-
ion, must be continued. In this still emerging area of
scientific research, controversy about reported results
is a natural and healthy part of the scientific process.
(Bioelectromagnetics Society Presidents 1996)

Further evidence of the profound disagreements involved is dis-
played by a series of major reports issued by several governmental
agencies and other organizations over the years and the often conten-
tious responses to them. A timeline of these reports follows.

1990 The Environmental Protection Agency released for comment
a draft report that classified extremely low-frequency EMFs
as “probable human carcinogens” and radio and microwave
frequencies as “possible” carcinogens. However, these recom-
mended classifications were removed from the draft almost
immediately by EPA administrators, and speculation was that
pressure from the White House was involved (Microwave News
1990; Pool 1990; Park 2000, 154). This report was never com-
pleted. The draft was submitted to the EPA’s Science Advisory
Board in 1991, which criticized it as unsupported by evidence,
and in 1996, the EPA announced that the final version would
be indefinitely delayed (Microwave News 1996a).
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1992

The Committee on Interagency Radiation Research and Policy
Coordination (CIRRPC), a unit of the White House Office of
Science and Technology Policy, issued a report that had been
requested by the Department of Labor in 1989 after a stir cre-
ated by the publication of a series of New Yorker articles by Paul
Brodeur alleging a cover-up of serious human health effects.
The CIRRPC report concluded that “there is no convincing
evidence in the published literature to support the contention
that exposures to extremely low-frequency electric and mag-
netic fields generated by sources such as household appliances,
video display terminals, and local power lines are demon-
strable health hazards” (Committee on Interagency Radiation
Research and Policy Coordination 1992, ES-11).

1995

The conclusion of a report by the National Council on
Radiation Protection and Measurements, was unofficially re-
leased in draft form. It stated that some health effects of EMFs
were well enough documented to warrant preventive steps:
“Although incomplete, available epidemiological and labora-
tory data share certain consistencies that would link ELF en-
vironmental EMFs with increased health risks. These findings
appear to warrant a substantive national commitment to fur-
ther research, and the serious attention of cognate regulatory
agencies and of the general public” (qtd. in Microwave News
1995b, 13). The panel, chaired by Adey, endorsed an exposure
limit for new day care centers, schools, and playgrounds and
for new transmission lines near residential areas. “It took us
nine years but we finally reached agreement,” Adey commented
(Microwave News 1995b, 1). This report was never completed
because of changes in personnel and agency priorities.

1996

The National Research Council weighed in with a report that
“no conclusive and consistent evidence shows that exposures
to residential electric and magnetic fields produce cancer,
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adverse neurobehavioral effects, or reproductive and devel-
opmental effects” (U.S. National Research Council 1997, 2).
However, three of the sixteen panel members released a state-
ment through the Bioelectromagnetics Society indicating that
the report’s most important finding was “a reliable, though
low, statistical association between power lines and at least one
form of cancer” and highlighting the report’s call for more re-
search (Kaiser 1996). And panelists quoted in Microwave News
indicated that the report set a very high standard in seeking
“conclusive” proof; according to Savitz, the vice-chair of the
panel, “Only by setting the threshold that high could we come
to a consensus’ (Microwave News 1996b, 5). Other comments
quoted in this article indicate that the panel was deeply divided
in its interpretation of the evidence.

1999 The National Institute of Environmental Health Science
(NIEHS) completed a six-year review of research relevant to
powerline health effects, concluding that there is “weak” evi-
dence of health risk from exposure to ELE-EMFs: “The lack
of positive findings in animal or mechanistic studies weakens
the belief that this association [between exposure and leuke-
mia] is actually due to ELF-EMF, but it cannot completely
discount the epidemiological findings” (National Institute of
Environmental Health Sciences 1999, Executive Summary).
The report, which recommended “passive regulatory action”
and continued research, was based on an earlier NIEHS report
that classified EMFs as a “possible” human carcinogen, accord-
ing to criteria defined by the International Agency for Research
on Cancer, part of the World Health Organization (Microwave
News 1998). There was virtually no press coverage of the final
NIEHS report, according to Microwave News (1999b).

2002 A committee of the World Health Organization issued a re-
port that classified extremely low-frequency magnetic fields

as “possibly carcinogenic to humans” on the basis of limited
evidence for the link to childhood leukemia (World Health



472 Carolyn R. Miller

Organization 2002, 338). This report has received virtually no
press coverage in the U.S.

Kuhn introduced the term incommensurability to describe several
related aspects of the differences between successive paradigms, or ex-
planatory frameworks: that they present different problems for science
to solve, invoke different standards or solutions, use concepts and ap-
paratus in different and sometimes incompatible ways, and (thereby)
constitute “different worlds” within which scientists work.? This case
study of the research on EMF bioeffects® will complicate Kuhn’s ac-
count of incommensurability in three areas—the disciplinary locus
of scientific change, the relevance of the public forum in the process
of change, and the adequacy of the metaphors used to describe that
process.

First, Kuhn (and Feyerabend) describe scientific change over time
largely as a phenomenon internal to a single scientific discipline, but
the EMF case involves differences between disciplines in an interdis-
ciplinary enterprise. Different understandings of EMFs derive not
only from the differential acceptance of a newly proposed explana-
tory framework within a scientific community but also from different
long-standing and deeply engrained commitments in multiple disci-
plines.* The Bioelectromagnetics Society, though it formed by split-
ting off from several primarily engineering groups’ to provide more
attention to biological matters, was conceived as fundamentally inter-
disciplinary; for example, its constitution stipulates that the Board of
Directors reflect the basic structure of the field of bioelectromagnetic
research, with three members elected from the engineering and physi-
cal sciences, six from the biological and medical sciences, and three
elected at large. But many of the difficulties this field has experienced
derive from differences between the ways that those in the biological
and medical sciences and those in the physical and engineering sci-
ences understand the problems and phenomena in EMF research. I
will make the case that the different worlds inhabited by researchers
in this debate are to some extent defined and limited by their differ-
ent disciplinary matrices, to use the Kuhnian term—their intellectual
commitments, their habits of mind and of argument. Thus, the differ-
ent worlds illustrated by this particular case are not the mutually inac-
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cessible perceptual systems implied in the critiques of cosmic incom-
mensurability described by Harris in his introduction to this volume;
rather, they are the contextual differences of values, practices, and rhe-
torical themes that he calls pragmatic incommensurabiliry.

Second, the EMF controversy must be understood as taking place
not only within the restricted forum of the scientific enterprise but
also in the public forum. Kuhn’s discussion of scientific change and
paradigm choice focuses exclusively on the explanatory commitments
of scientists to their evolving state of knowledge about the world. The
debate about EMF research has played out not only within scientific
forums but also in governmental and policy forums. What is at stake
in the debate are health and safety standards for exposure of human
populations to electromagnetic fields of various strengths and frequen-
cies—in specific workplaces (such as with radar and electric power
distribution), for specific consumer products (such as electric blankets
and cell phones), and in the ambient environment. The results of the
debate are of interest not only to the general public but also to workers
in specific electrical occupations, to electronics manufacturers, to the
military, and to the broadcast and communications industries. I treat
both scientific and public forums here, because the research has often
been motivated (and funded) by groups with a policy interest and be-
cause research results are used routinely to justify policy claims. As
Jeanne Fahnestock has found, the most polarizing statements by par-
ties on both sides of a controversy are made in public forums, though
often with a keen sense of audience in the scientific world as well (Fah-
nestock 1986; Fahnestock 1989). A complication of the EMF case is
that because the debate, to at least some extent, takes place berween
existing disciplines, locating and controlling an appropriate forum be-
comes an issue in itself.

Third, with others in this volume, I will be taking the road taken
by neither Kuhn nor Feyerabend, though gestured at by both, in expli-
cating the types of impasse they included under their term, incommen-
surability. In addition to his overarching metaphor of political revolu-
tion, Kuhn invokes the models of gestalt psychology, religious conver-
sion, and linguistic translation in an effort to describe the mutual in-
comprehension that can develop as scientific beliefs and commitments
change. In fact, Kuhn seems somewhat at a loss to describe what he
well characterizes as a rhetorical process. He asks how conversion is
induced and how resisted, and answers, “Just because it is asked about
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techniques of persuasion, or about argument and counterargument
in a situation in which there can be no proof, our question is a new
one, demanding a sort of study that has not previously been under-
taken” (Kuhn 1996, 152). He goes on to provide an “impressionistic”
survey of the kinds of arguments that seem most persuasive: superior
puzzle-solving ability, improved quantitative precision, prediction of
new phenomena, aesthetic and social considerations (1996, 153-159).
Kuhn’s question was not new, of course, and his survey is much like
a list of Aristotelian special zopoi (Rhetoric 1358%). But the metaphor
of incommensurability conflicts with this approach to the problem,
since it implies that mutual incomprehension makes argument (as well
as proof) impossible. And in subsequent work, Kuhn does not pursue
his inquiry about argument and persuasion or seem much interested
in the work of people who might have helped him do so. Instead,
beginning as early as the “Postscript” to Structure, he pursues a philo-
sophical approach to meaning change and translatability (Hoyningen-
Huene 1993, 252-258), a trajectory that diverges significantly from his
original rhetorical characterization. Meanwhile, though Feyerabend’s
trajectory, which began not far from where Kuhn’s ended up, propels
incommensurability deeper and deeper into a territory populated with
values, diverse argumentations, and persuasion, in his actual analyses
of specific incommensurabilities and in his choice of descriptive termi-
nology, he no more followed a rhetorical brief than did Kuhn.

I will argue, as does Harris in his introduction, that the mathemat-
ical notion of incommensurability is not a particularly productive way
to characterize differences between disciplinary commitments, being
more descriptively tautological than explanatory. Instead, I will explore
the explanatory power of two related tensions operating in this case,
the tension between novelty and tradition and the tension between
heresy and orthodoxy. The general claim I will make is that anomaly
can be welcomed as productive scientific novelty that contributes to
the growth of scientific knowledge, or it can be rejected as scientific
heresy that must be corrected or expunged in order to preserve scien-
tific knowledge. What Kuhn and Feyerabend called incommensura-
bility can be understood alternatively as the result of these rhetorical
dynamics, which involve a complex combination of both intellectual
commitments and socio-political relations.
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DiscipLINARY DIFFERENCES IN THE RESPONSE TO ANOMALY

In science, [. . .] novelty emerges only with difficulty, mani-
fested by resistance, against a background provided by ex-
pectation.

—Thomas S. Kuhn, The Structure of Scientific Revolutions

EMEF research requires the cooperative contributions of multiple disci-
plinary perspectives, including those of engineers, physicists, epidemi-
ologists, physicians, and biologists of many kinds, but these multiple
perspectives have not always produced cooperation—rather, they have
helped create the controversy. A public sign of disciplinary discord
appeared in 1991 when Science reported that physicists had been ex-
cluded from a panel set up by the Environmental Protection Agency
to review the controversial draft report that had identified EMFs as
a “probable, but not proven, cause of cancer.” The official reason for
the selection of panelists was that they were to review epidemiological
and laboratory animal data that did not seem to call for a physicist. An
insider, however, reported that physicists were considered too skeptical
of EMF bioeffects and that they “have trouble accepting what’s going
on in the field” (Science 1991). An analogous flare-up, with reverse
polarity, occurred in 1995 over the constitution of two committees
of the National Council on Radiation Protection and Measurements
(NCRP), one established at the request of the EPA to address pos-
sible health standards for modulated radio frequency (RF) and micro-
wave (MW) radiation (this would include cell phones), and the other
to revise a 1986 report on biological effects and exposure criteria for
REF fields. Originally chartered to focus on dosimetry (i.e., measuring
doses of radiation), the first committee was made up of engineers and
physicists, but the scope of the work was enlarged to include biological
effects without any change in the membership. “Where are the bi-
ologists?” one federal official was quoted as asking (Microwave News
1995a, 14). And in explaining why neither the chair nor the vice-chair
of the second committee was a biologist, an NCRP official said, “The
best understanding in the field is more on the physical science—engi-
neering end than on the biology end” (Microwave News 1995d, 13).
Although disciplinary differences can’t account for all dimensions
of the controversy over bioeffects research, they are central to the way
the debate has played out. In particular, they reveal different ways that
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physical and biological scientists have dealt with certain anomalies. In
what follows, I examine some of the prominent statements of differ-
ence, focusing on exchanges of comment and response where partici-
pants are ostensibly discussing the “same” data or research issues; these
exchanges are where evidence of incommensurability would most like-
ly appear in the written record.® What is striking in these statements
are differences in the favored rhetorical zopoi used by the physicists
and engineers who argued against nonthermal bioeffects and by the
biological scientists who argued in favor of such effects.”

One of the earliest programmatic statements of resistance to the
mounting number of laboratory and epidemiological studies was by
Robert K. Adair, a physicist at Yale, in Physical Review A in 1991. His
argument illustrates in both substance and strategy many subsequent
statements of resistance. The conclusion argues from the topic of im-
possibility that, “It does not appear to be possible for weak external
ELF electromagnetic fields to affect biological processes significant-
ly at the cell level” (Adair 1991a, 1047). The paper reasons from the
topic of more and less in the cases of both electric fields and magnetic

fields:

ELF electric fields are so completely shielded by the
conductivity of the body tissues that the interaction
of external fields with a strength less than 300V/m
with cells is far weaker than fundamental thermal
noise.

ELF magnetic fields may act through static inter-
actions with magnetic dipole moments of biological
material or through the induced electric fields gener-
ated by changes in the magnetic fields. Since the static
effects of ELF fields of 50 pT are no greater than the
earth’s field, it is difficult to believe that the intensity
is harmful. Since the maximum induced electric field
in the body induced by 60-Hz 4-pT magnetic fields
is no greater than the electric field induced by walk-
ing through the earth’s field, it is difficult to believe
that such changing ELF magnetic fields are harmful.
(Adair 1991a, 1047-1048)
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This is also an a fortiori argument: if the fields to which the body is
normally subject (thermal noise, the earth’s magnetic field, induced
electric fields) are not harmful, then these far weaker fields can’t pos-
sibly be harmful. There’s a tone of incredulity that accompanies the
argument, as well (“it is difficult to believe”), connecting the a fortiori
to impossibility. In subsequent discussions, the & fortiori argument be-
comes a premise, often abbreviated as a point about signal-to-noise
ratio (S/N).

Adair dismisses the experimental record, arguing from (lack of)
agreement and contradiction: “There is no near-consensus among
those who work in the field to the effect that any of the reports of
effects in any of these areas is valid; none have been satisfactorily rep-
licated, many of the more substantial results have been contradicted”
(Adair 1991a, 1047). He specifically calls the “window” effects into

question:

It is, perhaps, the intensity windows that are [. . ]
most difficult to accept. [. . .] It is an almost firm
rule of the behavior of systems that, above an action
threshold, the response to a perturbing signal increas-
es at least linearly with the incremental signal. The
linear effect will generally be terminated only when
the signal is so large that it can no longer be consid-
ered a perturbation. Since it is very difficult to con-
sider that the small signals in question are sufficiently
large to have any effect at all, the view that they can
be so large as to dampen out a response is even more

troubling. (Adair 1991a, 1047)

Here Adair also combines an appeal to physical impossibility with a
kind of inverted « fortiori argument.

Another form of argument that is characteristic of the physicists is
from cause, which often takes the form of an appeal to “mechanism.”®
Indeed, Adair’s entire article is an argument from cause; it examines
the mechanisms of interaction between fields and biological tissues,
reasoning from well accepted laws about the characteristics of electric
and magnetic fields and from assumed values for parameters such as
the specific resistance of a cell membrane, the radius of a cell, and the
thickness of the membrane. Once these mechanisms are understood,
Adair can claim that EMFs cannot cause effects that can have bio-
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logical significance. It is Adair’s confidence about the lack of a causal
mechanism that supports the overall argument from impossibility.

The statement quoted earlier from the American Physical Society
provides another example of causal argument: “No plausible biophysi-
cal mechanisms for the systematic initiation or promotion of cancer
by these power line fields have been identified” (American Physical
Society 1995). Similarly, the CIRRPC report concludes, “Epidemio-
logic findings of an association between electric and magnetic fields
and childhood leukemia or adult cancers are inconsistent and incon-
clusive. No plausible biological mechanism is presented that would
explain causality,” and in the discussion of the calcium ion research, it
notes that “Although a statistically significant effect has been report-
ed in these experiments, no adequate explanation of the interaction
mechanism has been provided” (Committee on Interagency Radiation
Research and Policy Coordination 1992, ES-11, 1I-83). The NRC re-
port notes, “A serious barrier to acceptance of a possible weak connec-
tion between human health and exposure to extremely-low-frequency
electric and magnetic fields in residences is the absence of a plausible
physical mechanism to account for such a connection” (U.S. National
Research Council 1997, 206).

The epidemiological work is also subject to refutation by causal
arguments on the general ground that epidemiology can show only
correlation, not causation. For example, the NRC’s Executive Sum-
mary summarizes its review of the epidemiology in this way: “An asso-
ciation between residential wiring configurations [. . .] and childhood
leukemia persists in multiple studies, although the causative factor re-
sponsible for that statistical association has not been identified” (U.S.
National Research Council 1997, 2). One of the members of the CIR-
RPC panel, William Bennett, another Yale physicist, challenged the
epidemiology on the grounds that it had not accounted for all possible
confounding factors, that is, alternative causes (Bennett 1994, 6).?
And others charged that no consistent dose-response relationship had
been found—that is, there is no linear causal relationship in which
increased exposures produce increased effects (U.S. National Research
Council 1997, 201; Adair 1992a, 1869).

Challenges to the anomalous bioeffects research also take the argu-
ment one zopos further. Based on the premise that a causal mechanism
determines the possibility or impossibility of a phenomenon, physicists
can then define what is real and what is not and invoke the appear-
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ance/reality dissociation. These appeals tend to show up not in formal
scientific reports but in public or semi-technical forums. Adair, who
has been a frequent and outspoken respondent in letters and com-
mentaries, has charged that the bioeffects research “has created an
imaginary problem where no real problem exists [. . .] experimental
errors have been accepted as real effects” (Adair 1992a, 1869). The
APS statement quoted above concludes that “the conjectures relating
cancer to power line fields have not been scientifically substantiated,”
contrasting the appearance of conjectures with the reality of scientific
substantiation.

Another common argumentative theme follows from this one,
building on the topical sequence of cause = impossibility = reality.
This theme follows from what we can call the physics-trumps-biology
argument, an appeal to the “fundamental laws of physics” as neces-
sarily constraining any and all scientific knowledge. For example, the
CIRRPC report states, “The lack of converging epidemiological and
biological support for the occasionally reported adverse health effects
is consistent with calculations of quantities based on fundamental laws
of physics for describing electric or magnetic fields” (Committee on
Interagency Radiation Research and Policy Coordination 1992, 12).
Similarly, Adair’s abstract concludes, “any biological effects of weak
ELF fields on the cellular level must be found outside the scope of
conventional physics” (Adair 1991a, 1039). And Bennett’s book claims
that

Much of the speculation on biological interactions
with extremely low-frequency fields has tacitly ig-
nored the fundamental physical laws involved. The
physical properties of electromagnetic fields were
well described by the work of Maxwell and his pre-
decessors in the nineteenth century, and the solution
of Maxwell’s equations for most cases of interest is
straightforward. Although biological mechanisms
can be complicated, they cannot violate the funda-
mental laws of physics. (Bennett 1994, 14)

Since physics trumps biology, biologists are not qualified to speak
about physics, but with their asymmetrical privilege physicists feel
qualified to speak about biology."” This point is illustrated best by an
exchange initiated by Berkeley particle physicist J. David Jackson with
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a 1992 article in the prestigious Proceedings of the National Academy
of Sciences. Jackson argued that the “putative causal relation” between
ELFs and cancer could be tested “by examining historical data on
the growth of the generation and consumption of electric power since
1900 and corresponding data on cancer death and incidence rates”
(Jackson 1992, 3508). Such data, he claims, “are prima facie evidence
that the stray low-frequency electromagnetic fields associated with the
generation, distribution, and use of electricity in the home and office
are no significant cause of cancer deaths” or of incidence rates (Jack-
son 1992, 3509). Jackson’s argument became quite influential, being
relied on substantially in the CIRRPC report and elsewhere. Several
epidemiologists, including Wertheimer and Leeper (1992) and Savitz
(1993), criticized it severely as amateur epidemiology that ignored con-
founding factors, and an article in the Los Angeles Times about Jack-
son’s publication quoted epidemiologist Richard Stevens calling it “a
fatuous piece of work.” In response, Jackson is reported as saying, “It
takes a physicist to know how to deal with the power data. [. . .] We're
looking at historic facts, and I am as competent as anyone to deal with
that” (Maugh 1992).

Why does physics trump biology? One reason is the topical sequence
we have traced, from cause to reality. This sequence underlies the as-
sumption that all other scientific disciplines can ultimately be reduced
to the terms of physics.!" For example, Adair describes the advantages
of reasoning from physics: “the statistical significances of some of the
biological work and many of the epidemiological reports have been
seriously overstated. Such analyses are usually subjective; experience
with simpler, falsifiable, physical science experiments has shown that
significance levels are generally exaggerated” (Adair 1992a, 1869).
Reducing biology to physics is authorized by a philosophy of science
based on the conduct and methods of the physical sciences; only in the
past 30 years or so has biology had serious influence on the philosophy
of science. A classic statement of reductionism is that of Rudolf Car-
nap from 1938, in the first volume of the International Encyclopaedia
of Unified Science: “Biology presupposes physics, but not vice-versa.”
Carnap goes on to claim that “a biological law contains only terms
which are reducible to physical terms” (Carnap 1938, 46, 60)." In his
useful essay “How Biology Differs from the Physical Sciences,” Ernst
Mayr quotes Nobel laureate physicist Steven Weinberg with a more
contemporary example of reductionism: “the closest we can come to a
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unified view of nature is a description in terms of elementary particles
and their mutual interactions.” Mayr comments: “By contrast, every
biologist would insist that to dissect complex biological systems into
elementary particles would be by all odds the worst way to study na-
ture” (Mayr 1985, 44).

We have seen that physicists rely on arguments from cause, im-
possibility, appearance/reality, a recurrent « fortiori argument, and an
implicit reductionism. What sorts of arguments do the biologists use?
If we return to the statement by the Bioelectromagnetics Society Presi-
dents, we see arguments from agreement (“a wealth of [. . .] evidence”;
“a critical mass of [. . .] effort”), from consistency, and from past fact:
the strong appeal is that there are many research findings that have to
be accounted for, anomalous or not. Past fact is an important appeal
throughout the statements and responses from biologists. For exam-
ple, Adey’s 1993 article draws on past fact and agreement: “Labora-
tory studies have tested a spectrum of EM fields for bioeffects at cell
and molecular levels, focusing on exposures at athermal levels. A clear
emerging conclusion is that many observed interactions are not based
on tissue heating” (Adey 1993, 410). It goes on to project future fact
from past fact: “As evidence has mounted confirming occurrence of
bioeffects of EM fields that are not only dwarfed by much larger in-
trinsic bioelectric processes, but may also be substantially below the
level of tissue thermal noise, there is a mainstream of theoretical and
experimental studies seeking the first transductive steps” (Adey 1993,
411). In a response to Adair’s 1991a article, Kirschvink contrasts past
fact with impossibility: “the credibility of weak ELF magnetic effects
on living systems must stand or fall mainly on the merits and repro-
ducibility of the biological or epidemiological experiments that suggest
them, rather than on dogma about physical implausibility” (Kirsch-
vink 1992, 2178).

In his response to the CIRRPC report, Savitz also argues from
agreement (providing a copia of evidence, if not of expression) and
past fact: “Epidemiologic evidence linking power lines near residences
and elevated magnetic fields to childhood cancer continues to accrue;
employment in selected electrical occupations seems to confer an in-
creased risk of leukemia, brain cancer, and perhaps breast cancer; and
there have been numerous laboratory studies indicative of influences
on circadian rhythms, calcium efflux from nerve cells, and a hypoth-
esized pathway linking such exposures to cancer” (Savitz 1993, 52). A
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companion response by biophysicist and radiation biologist Thomas
Tenforde uses the same strategies:

Epidemiological evidence for an elevated cancer risk
in children residing near high-current distributions
lines has been reinforced by the positive findings in
recent studies conducted in Los Angeles County and
in Sweden, which add credibility to the results of ear-
lier studies [. . .] Similarly, there is now a substantial
body of epidemiological evidence [. . .] indicating that
individuals in the general class of ‘electrical workers’

exhibit an elevated cancer risk. (Tenforde 1993, 56)

A second major strategy the biologists use is to emphasize the com-
plexity of biological systems, an implicit comparison with the simpli-
tying assumptions of physical analysis. Mayr’s discussion reinforces
the centrality of this strategy to biological thinking, again by contrast
with Weinberg’s statements about physics: “One of man’s enduring
hopes,” says Weinberg, “has been to find a few simple laws that would
explain why nature with all of its seeming complexity and variety is the
way it is.” Mayr responds, “Surely no biologist would ever express such
a hope” (Mayr 1985, 44). The argument from complexity counters the
physicists’ reductionism and stakes out the autonomy of biology. In an
earlier essay on the distinct nature of causality in biology, Mayr noted
that causal prediction of the sort expected in classical mechanics is
impossible for biological systems because of their extreme complexity,
the uniqueness of biological entities, and the emergence of new quali-
ties at higher levels of integration (Mayr 1961, 1505-1506). Similarly,
philosopher David Hull notes that the central issues in a distinct phi-
losophy of biology are “the complexity and consequent uniqueness of
biological systems, their stratified, teleological organization, and the
central role of historical considerations in biology” (Hull 1974, 142).

There are many arguments from complexity in this debate, but I'll
focus on those that appear in, or respond to, examples already used
here. First, the Bioelectromagnetics Society’s response to the APS
notes that “electric and magnetic fields, unlike many other environ-
mental agents, are not characterized by a single quantity but involve
many different factors” (Bioelectromagnetics Society Presidents 1996).
A letter in Science responding to Adair’s 1992a letter (quoted above)
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uses the complexity argument, as well as agreement and an argument
from authority:

Many credentialed observers believe that the chance
that EMF hazards are real is far from negligible. A
large number of biologists and epidemiologists con-
tend that an equally plausible explanation of the re-
cord is that EMF bioeffects are simply more subtle
than those of many other environmental agents. (Flo-

rig 1992, 1869, 1960)

Several defenses of the epidemiology work rely on the complexity
topos. Savitz’s invited commentary on the CIRRPC report makes this
point at length (Savitz 1993, 54), and in the Los Angeles Times article
on the Jackson work, Savitz is quoted to the same effect but in pithier
form: “Intuitively, it sounds logical to look at such data. But there are
so many things going on over that period—new drugs, new treat-
ments, new causes of cancer—that it really doesn’t tell us a thing”
(Savitz qtd. in Maugh 1992).

Responses to Adair about the mechanism of interaction also argue
from complexity. For example, Robert Becker, a physician, responds
to Adair’s letter criticizing a review of Becker’s 1990 book, Cross Cur-
rents, by refuting Adair’s reductionist a fortiori signal-to-noise ratio
argument and introducing an appeal to future fact:

Adair’s rejection of any biological effects from low-
level electromagnetic fields rests entirely on the
outmoded concept that 47" [thermal noise] must be
exceeded for such effects to occur. This concept in
turn rests upon the also outmoded biological concept
that living things are simply chemical machines all
of whose functions result from chemical reactions in
an aqueous medium. [. . .] The new biological para-
digm is far richer than the old and offers great op-
portunities for medical therapies as well as cautions
for our ever expanding use of electromagnetic energy.
Both urgently require full explanation. (Becker 1991,
103-104)

Adey makes a similar, though more general point regarding the cal-
cium ion window results: “these phenomena are in the realm of non-
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equilibrium thermodynamics, and are thus far removed from tradi-
tional equilibrium models of cellular excitation based on depolariza-
tion of the membrane potential and on associated massive changes
in ionic equilibria across the cell membrane” (Adey 1993, 411). And
Tenforde’s response to the CIRRPC report draws on the complexity
topos to refute reductionism:

The [. . .] panel discusses the fact that [. . .] the sig-
nal-to-noise ratio (S/N) is expected to be much less
than unity for ELF fields from power lines and other
common sources. Although this is true at the level of
a single cell, most biological tissues are composed of
large cell aggregates that are electrically coupled via
junctions between adjacent cell membranes. As a re-
sult, the S/N ratio for an imposed ELF field improves
roughly in proportion to the number of cells in the
junctionally coupled aggregate. [. . .] Hence the argu-
ment that ELF field signals would be ‘drowned’ in a
sea of background electrical noise is incorrect. (Ten-

forde 1993, 56-57)

To summarize then, in comparison with the physical scientists,
the biological scientists rely on a very different cluster of characteristic
topoi: past fact, future fact, and complexity, with some attention to
agreement and credibility. The emphasis on both past and future fact
suggests an empirical preference for “appearance” over the rationalist
preference for “reality” that we saw among the physicists. Future fact
is related to possibility, in contrast to the physicists’ arguments from
impossibility. These differing patterns of argument can help us see,
in this particular case, “how conversion is induced and how resisted”
(Kuhn 1996, 152). The resisters, the physical scientists, rely on an on-
tology that physics has confidence in, a rational structure of reality
that is comprehensible and predictable by established causal law and
to which observational fact must conform. This ontology produces an
axiomatic world from which phenomena can be deduced, a world in
which logical relations (more and less, consistency) control and limit
the acceptance of anomaly. The proselytizers, the biological scientists
who attempt to induce conversion, rely on an inductive epistemology,
in which anomalous phenomena are granted a status that demands at-
tention: their complexity gives them an empirical weight that requires
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explanation. Note that biologists do not offer a new dogma to which
they urge conversion, for there is yet no new structure of commitments
that they can offer; they merely point to the inadequacy of existing
tradition and to the hope that future fact will resolve the problems that
past fact has created.

This analysis of topical preferences gives a detailed picture of how
these two groups of scientists struggle with anomalies—and specifi-
cally what sorts of intellectual commitments and presuppositions may
shape their willingness to see anomaly as scientific novelty. Agreement,
cause, impossibility as an entailment of reality, and reductionism are
hostile to innovation; deductive reasoning has long been understood
as tautological, unable to produce novelty. In contrast, past and future
fact, possibility, and complexity all can produce innovation; inductive
reasoning can incorporate new facts and may produce novel general-
izations (though these are less reliable than the conclusions of deduc-
tive arguments). These patterns of thinking, revealed as clusters of rhe-
torical zopoi, characterize what one close observer has called the “gulf
between the physicists and the biologists” (Microwave News 2000, 11).
This rhetorical characterization can provide one way of understand-
ing what Kuhn meant (or should have meant) when he said that “the
proponents of competing paradigms practice their trades in different
worlds” (Kuhn 1996, 150). The “different worlds” they inhabit are in

an important way rhetorical worlds.
ORTHODOX RESISTANCE TO ANOMALY

The transfer of allegiance from paradigm to paradigm is a
conversion experience that cannot be forced. Lifelong resis-
tance, particularly from those whose productive careers have
committed them to an older tradition [. . .], is not a violation
of scientific standards but an index to the nature of scientific
research itself.

—Thomas S. Kuhn, The Structure of Scientific Revolutions

In an essay that predates Structure by three years, Kuhn described an
“essential tension” between tradition and innovation in science, call-
ing our attention to the curious fact that in science, “work within a
well-defined and deeply ingrained tradition” is “productive of tradi-
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tion-shattering novelties” (Kuhn 1977b, 234). Indeed, he argued, it is
the strength and definition of the tradition that makes it possible for
anomalies to be identified, evaluated, and explored. Anomalies must
negotiate the essential tension—are they errors that the tradition is
justified in rejecting, or are they novel discoveries that will revise or re-
make the tradition? In his essay Kuhn emphasized the “central role” of
tradition (Kuhn 1977b, 236), as in Structure he emphasized the neces-
sity of the “paradigm” to normal science. As a “strong network of com-
mitments—conceptual, theoretical, instrumental, and methodologi-
cal” (Kuhn 1996, 42)—the paradigm defines the science, requires the
allegiance of its practitioners, and accounts for the “relative unanimity
of their professional judgments” (Kuhn 1996, 182). These commit-
ments produce an “assurance that the older paradigm will solve all its
problems, that nature can be shoved into the box the paradigm pro-
vides. Inevitably, [. . .] that assurance seems stubborn and pigheaded
as indeed it sometimes becomes. But it is also something more. That
same assurance is what makes normal [. . .] science possible” (Kuhn
1970, 151-152). It does this in part by focusing scientific attention,
distinguishing the significant and interesting from the trivial and mis-
taken (Kuhn 1977b, 236; Kuhn 1996, 35). The paradigm is a power-
ful exclusionary system.

The power of tradition in science is such that it functions as an
orthodoxy, as Thomas Lessl and Dale Sullivan have both noted (Lessl
1988; Sullivan 2000). An orthodoxy is a body of doctrine and prac-
tices adhered to by a group that protects the doctrine and defends its
own authority to determine both the doctrine and group member-
ship. Deviance from orthodox doctrine is heresy, an “affront to an
institution’s authority” (Lessl 1988, 23), and group members who
challenge the correctness of the doctrine and the authority of the ad-
herents are rejected as heretics. Kuhn himself noted that a scientific
tradition rewrites history to demonstrate its own inevitable correctness
(Kuhn 1996, 137) and described initiation into a scientific tradition as
“dogmatic” (Kuhn 1977b, 229). The tradition inspires not only com-
mitment and “assurance” among its adherents but also “faith” (Kuhn
1977b, 236). Kuhn's later term, disciplinary matrix, captures this as-
pect of scientific traditions well, implying the mutual embeddedness
of the intellectual and socio-political components of a tradition. The
need for intellectual exclusion can involve a parallel need for social ex-
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clusion, and a paradigm must constrain not only ideas but also those
who hold them.

As we saw in the previous section, some of the rhetorical differenc-
es between physicists and biologists in the debate on EMF bioeffects
derive from the specific intellectual commitments and preferences of
these two broad disciplinary traditions.’> However, other differences
derive from the relative positioning of the fields in this specific de-
bate, whether defending or challenging a tradition. Thus, those who
do not believe there can be nonthermal bioeffects can be seen as de-
fending an orthodoxy against heretical proponents of nonthermal ef-
fects, reaffirming strong conceptual commitments in the form of sym-
bolic generalizations about mechanisms of interaction between matter
and electromagnetic energy and attempting to reduce the authority of
those who do not adhere to the doctrine.'* The response to heresy, as
Lessl explains it, often strengthens orthodoxy, creating internal clarity
and solidarity. The challenge of heresy makes it important to clarify
not only doctrine but also the boundary between doctrine and heresy.
Thus, there may be much attention to what sociologists call boundary-
work, and what philosophers of science have called the demarcation
problem: heresy is often driven out by defining it as nonscientific. The
heretic may also be driven out by rituals that remove tension from the
community under challenge (Lessl 1988, 20-22). To this picture, Sul-
livan adds the notion that a successful response to heresy must control
the forums of the doctrinal community, that is, must supervise official
communication by authorizing and de-authorizing speakers and writ-
ers. He describes four specific means of “forum control” available to
most scientific communities: peer review, denial of forum, public cor-
rection, and public ridicule (Sullivan 2000, 128). With these methods
of control, scientific communities enact the general social processes
that characterize responses to heresy. In what follows, I examine the
EMEF debate for evidence of the latter two forms of control. The first
two, peer review and denial of forum, are not strategies of argument
that typically appear in the published record, although in the previous
section we did see attempts to deny access to the forum in situations
where the composition of review committees was at issue; these efforts
to gain or retain authority, we noted, occurred on both sides. The
analysis here focuses on the response of the physicists to see whether it
is consistent with the hypothesis that they are engaged in defending a
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scientific orthodoxy, but with attention also to the biologists to deter-
mine whether the argument is symmetrical.

Public correction occurs quite frequently, on both sides, and in
both scientific and public forums. It often takes the form of imper-
sonal correction of ideas but can also be more personally directed,
correcting those responsible for the ideas. A great many of Adair’s
contributions can be seen as efforts at correction. In his letter to Sci-
ence, he notes that “the statistical significances of some of the biologi-
cal work and many of the epidemiological reports have been seriously
overstated” (Adair 1992a, 1869). And in a technical article criticizing
a physical model put forth by biophysicists, which proposes a theoreti-
cal mechanism for the window effects of EMFs, Adair claims, “Argu-
ably, neither the physical character of the IPR model, nor the required
initial conditions nor the effects generated by ELF fields according to
the model, nor its severe defects are clearly understood. Thus I attempt
here to provide a critical description of the model” (Adair 1998, 181).
Note Adair’s polite use of the passive voice in both instances, declining
to attribute agency to those who have “overstated” or misunderstood.
Adair is not the only physicist to engage in correction: Allan Brom-
ley, Science Advisor to the first President Bush, worked behind the
scenes to delay the release of the EPA report because, as he told 77me
magazine, EPA’s “findings of a ‘positive association’ between EMFs
and childhood cancer are ‘quite incorrect” (qtd. in Microwave News
1991).

Correction works in the other direction, as well: nonthermal-ef-
fects heretics correct the defenders of orthodoxy. In their comments
on the CIRRPC report, both Savitz and Tenforde engage in extensive
public correction of the report’s reliance on Jackson’s historical corre-
lations by stating the argument, claiming that it’s mistaken, and then
explaining the flaws. Here is the beginning of Savitz’s commentary on
this point:

A specific theme that is invoked [in the CIRRPC re-
port] for both cancer and adverse reproductive out-
comes is that whatever the research might suggest,
electric or magnetic fields could not adversely affect
health because the rise in electric power use over time
has not produced epidemics of cancer, birth defects,
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or miscarriage. In fact, the two observations are true

but unrelated. (Savitz 1993, 54)

Savitz goes on to explain what data would be needed to establish the
correlation. Jackson’s argument was also directly refuted, and Jackson
himself corrected, in a letter to Microwave News by Wertheimer and
Leeper, the authors of the eatliest positive epidemiological study:

Dr. Jackson unquestioningly assumes that power fre-
quency EMF exposure increased proportionately with
increasing power use over the last 50 years. The fact,
however, is that numerous engineering changes have
occurred over the years that markedly decreased the
level of magnetic field exposure likely to accompany
a given power use. Thus, in spite of increased power
use, it is likely that magnetic field exposures associ-
ated with power distribution have decreased, if any-
thing, over the years for which reliable cancer data
are available. [. . .] (Wertheimer and Leeper 1992)

In a final example, Tenforde engages in correction in a review of
the book that Bennett published based on his work for the CIRRPC

committee, using a simple opposition:

Bennett’s arguments generally proceed from a simple
fact: that the ELF field levels reported to elicit these
biological effects are too small to do so, being less
than the body’s intrinsic electrical noise over the di-
mensions of a single cell. But there is ample reason to
expect that biological systems may exhibit responses
to ELF fields that cannot readily be modeled by treat-
ing an integrated organ or tissue as a noninteracting

collection of individual cells. (Tenforde 1995, 10)

Correction is a means of forum control that parties use in their
struggle over authority, specifically attempting to establish the bound-
ary that defines their science. As the examples above illustrate, correc-
tions tend to adhere to scientific decorum, being impersonal and often
well supported with detail, whether appearing in a narrow scientific
forum or a semitechnical or public forum like a book review in JEEE
Spectrum or an interview in 7ime magazine. The strategy of correc-
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tion addresses the substance of the science, the propositional content
of the orthodoxy being contested and only indirectly attempts to con-
trol those making statements about it.'® That the biologists engage
in correction suggests that they do not view themselves as heretics
but, perhaps, as guardians of a different orthodoxy, one that is jeopar-
dized by the interfering involvement of physicists. The situation thus
epitomizes the difficulties of interdisciplinary work: without a jointly
owned orthodoxy, the separate disciplines simply contest the other’s
right to govern the forum.

Other forms of boundary work address the authority and legiti-
macy of those who make heretical statements, by calling into question
their competence and motives. These strategies usually appear in non-
technical forums and often depart from scientific decorum—the tone
is more clearly adversarial and sometimes quite personal. Notably, in
these more public forums the boundary being defended is not that of
a particular scientific discipline but that of science itself. One politi-
cally important strategy on the part of the defenders of orthodoxy has
been to draw a distinction between “sound science” and “junk science”
(or “voodoo science,” or “pathological science,” etc.), in effect deny-
ing the scientific competence of those who are challenging the ortho-
doxy."” For example, in his response to a review of one of Brodeur’s
books, Adair says, “good scientists hold these very weak 60-Hz fields
harmless;” the bioeffects work, he says, is not a “paradigm shift” but
“illegitimate science” (Adair 1991b). Similarly, Bromley commented
in an interview about his role in the EPA report, “My role as science
advisor to the president is to be sure that statements that come out
of this administration are based on sound science” (Microwave News
1991). Robert Park’s book Voodoo Science has an entire chapter on the
EMF bioeffects work, other chapters being devoted to cold fusion
and perpetual motion machines (Park 2000)."® Bennett’s 1994 Wai/
Street Journal column concludes by characterizing the entire debate as
“the electromagnetic hoax.” On the way to that conclusion, he accuses
the bioeffects research community of “scaremongering,” “alarmism,”
“marginal statistical accuracy and extreme susceptibility to systematic
error,” and “far-fetched hypotheses” (Bennett 1994).

It is only a short additional step from questioning the competence
of heretics to questioning their motives. Bennett’s article in Physics
Today, published at about the same time as the Wal/ Street Journal
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column, opens with a description of a “growth industry” that includes
“a land-office business” in gaussmeters (a measurement instrument
for magnetic fields), a “bonanza” for researchers, and “sensational ar-
ticles” in the media (Bennett 1994, 23). In his column for the New
York Times commenting on the recently released National Research
Council report, Park similarly charges that “An industry has grown up
around the power line controversy. Tort lawyers, engineers who mea-
sure electric fields, some journalists and newsletter publishers have an
interest in the issue never being quite settled” (Park 1996). In his book,
he makes similar attributions, adding to the list of those with a vested
interest the scientists whose research is “thriving” (Park 2000, 158).
And in 1992, Adair also raised the issue of motive in a letter to Physics
World: “the self-interest that leads to scientists grossly exaggerating the
linkage between their researches and health effects is also enormous”
(Adair 1992b, 17). Occasionally a bioeffects researcher resorts to this
kind of argument; for example, questioning the impartiality of authors
who have been paid consultants to the manufacturers of microwave
equipment (Frey 1986), or noting that much of the funding for EMF
research comes from agencies with a connection to the electric power
industry (notably, the Department of Energy) or to the military (Pool
1990, 24). There have also been claims that the NCRP committee on
exposure criteria for RF fields had conflicts of interest, since five of the
seven members had been consultants to the communications industry
(Microwave News 1995a).

Another way of questioning the authority of other scientists is to
cast doubt on their simple common sense. This is a muted form of
ridicule that operates by reductio ad absurdum. For example, Bennett’s
Wall Street Journal column points out that “If fields of two milligauss
really are a serious threat in Denver, Los Angeles and Sweden, then
commuters on East coast electric trains—where the fields at power
line frequencies can be hundreds of times larger—ought to be dying
like flies” (Bennett 1994). Adair uses a similar argument; reasoning
that we all know that falling leaves will not cause fractured skulls, he
notes, “few of us understand magnetic fields as we do tree parts. Are
the minute magnetic fields from our power distribution systems [. .
.J leaves or tree limbs? I answer, [. . .] it is no more possible that they
cause cancer than that real leaves crack skulls’” (Adair 1999). And in
his book, Park ends the chapter on EMFs by suggesting that EMF
bioeffects are as likely as a stegosaurus running down Fifth Avenue
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(Park 2000, 161). Interestingly, the heretics fight back using much
the same technique, suggesting again that some of them, at least, do
not cede authority for policing the boundary to the physicists. In a
response to Bennett’s Physics Today article, one notes that “Accepting
the article by [Bennett] as guidance on the question of health effects
of [EMFs] seems to me analogous to accepting the advice of the village
blacksmith on how to fix your Swiss watch” (qtd. in Microwave News
1995¢). And Stevens’s comment on the Jackson PNAS paper claims
that “based on this data, you couldn’t even show any significant effect
of smoking on cancer, much less a more subtle effect like this one”
(qtd. in Maugh 1992).

Much of the public commentary by Adair, Bennett, and Park" can
be seen as attempts to assert authority within the field, to control the
boundary between sound and junk science, and to eject from any posi-
tion of scientific authority those who refuse to recognize and practice
what they consider orthodox science. All three are physicists, as noted
earlier, and as such they come by their presumption of authority by
training and tradition. Physics is considered the oldest “mature” sci-
ence (in Kuhn’s terms), and it predates paradigmatic biology by cen-
turies. Partly because of its historical status, physics has also enjoyed a
heightened social and political status. Perhaps the most telling illustra-
tive fact is that all nineteen Presidential science advisors (dating back
to Vannevar Bush during World War II) have been physical scientists
(mostly physicists with a few chemists and engineers); none has been
a biological scientist (Halber 2001).*° Physicists have an authority in
the public and political realm that is part of their disciplinary identity,
and the sometimes presumptuous tone of their comments in the EMF
debate is probably related to this identity.*!

A final means of defending the orthodoxy extends ridicule into
ritual through the process of scapegoating. Neither Lessl nor Sulli-
van mentions scapegoating by name, though Lessl’s discussion of the
heretic as a “ritual object upon which anxieties can be heaped” clearly
invokes it (Lessl 1988, 24), and Sullivan’s discussion of public ridicule
and exposé suggests it less directly (Sullivan 2000). In the EMF case
the orthodox had a scapegoat delivered to them in 1999 by the NIH
Office of Research Integrity (ORI). The ORI made an official find-
ing of scientific misconduct against Robert Liburdy, then at Lawrence
Berkeley National Laboratory (LBL), who had published two papers
in 1992 about EMF effects on calcium flow into rat lymphocytes. Li-
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burdy had, the ORI charged, “intentionally falsif[ied] and fabricat[ed]
data and claims about the purported cellular effects of electric and
magnetic fields” (Federal Register 1999). At issue were three graphs, in
which, the ORI contended, Liburdy presented only selected data and
fabricated parts of the curves. Liburdy admitted no scientific wrong-
doing but agreed to retract the graphs from the published sources. In
a letter to Science, he emphasized that both the raw data and the sci-
entific conclusions “stand as published” and were supported by other
results that had not been challenged, as well as by subsequent replica-
tion. He did admit to poor presentation of his data and failure to ex-
plain how he processed the data, though the methods were standard
ones. He said he had agreed to settle with ORI because he could not
afford a legal battle (Liburdy 1999).% Liburdy resigned his position at
LBL and agreed not to receive any federal funds for a period of three
years.

The ORI finding stirred up what Microwave News called a “media
storm” (Microwave News 1999a). There were accounts in Science, in
the San Francisco Chronicle, and then on page one of the New York
Times, with the headline “Data Tying Cancer to Electric Power Lines
Found to be False.” The Times’s story was picked up in many other
papers, and the Wal/ Street Journal and the Washington Post ran an As-
sociated Press story on Liburdy. Science claimed that “Liburdy’s find-
ings were among the first to offer a plausible mechanism for a possible
link between EMF exposure and cancer or other diseases” (Vergano
1999). The New York Times carried the reasoning to the next step in its
lead paragraph: “A Federal investigation has concluded that a scientist
at the Lawrence Berkeley Laboratory in Berkeley, Calif., faked what
had been considered crucial evidence of a tie between electric power
lines and cancer. The disclosure appears to strengthen the case that
electric power is safe” (Broad 1999). The Times interviewed Park, who
said, “Liburdy’s deception was probably typical for the field.” Several
days later, the Wal/ Street Journal published a column by the president
of the American Council on Science and Health, an industry-funded
group that has defended Alar, DDT, and endocrine disruptors, among
other environmental agents (American Council on Science and Health
2002), saying that the Liburdy “deception did much to keep the myth
[about powerline dangers] alive™ she called the research a “taxpay-
er-subsidized fraud” and a “new low in the annals of junk science,”
and questioned the “objectivity of environmental health researchers”
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(Whelan 1999). Researchers in bioelectromagnetics, however, noted
that Liburdy’s disputed findings were only indirectly related to the
EMF—cancer debate and certainly did not play the central role that
was portrayed in the press coverage. Microwave News criticized both
the New York Times and the AP for failing to interview any biologi-
cal scientist for their coverage of the Liburdy story and for failing to
cover the nearly simultaneous NIEHS report that found evidence (al-
beit weak) for health risks (Microwave News 1999b).

Once the scapegoat is killed, the community is purified (partly
through moral indignation) and reunified (Burke 1969a, 406ff), reaf-
tirming the authority of the orthodox. In this case, Liburdy’s ejection
from the lab and denial of funding is a kind of scientific death that
allows the critics to reject all heretical research findings as “probably
typical for the field.” The orthodox can claim victory, reaffirm their
authority, and declare the matter closed; as Park told the New York
Times, the Liburdy affair would “aid the growing consensus on safety”
(Broad 1999). And it was precisely this aspect of the 77mes’s coverage
to which the officers of the Bioelectromagnetics Society objected in a
letter sent to the 7imes but never published: “The story [. . .] is unfairly
misleading to the general public by presenting as finally resolved and
settled a scientific issue that is still controversial” (Bioelectromagnetics
Society 1999).

And this points up a final rhetorical difference between the op-
ponents and proponents of bioeffects research—the use of a rhetoric
of closure versus a rhetoric of open-endedness.”® The rhetoric of clo-
sure is consistent with the zopos of impossibility, and the rhetoric of
open-endedness with the zopos of possibility. Closure would cut off
research funding, halt the endless series of review reports, and permit
the setting of standards. Although the impulse toward closure was
particularly strong after the Liburdy affair, it was a theme throughout
the debate we have been examining, strengthening when there was an
occasion for the exercise of orthodox authority. After the NRC report
was released, for example, Park sounded this call multiple times. In the
New York Times news coverage, he said, “Scientifically, it’s essentially
over now. I hope this puts the whole issue to rest” (Leary 1996). In
his New York Times op-ed column several days later, he said, “After 17
years, the scientific debate over possible adverse health effects of elec-
tromagnetic fields from power lines has finally been put to rest by ex-
perts at the National Academy of Sciences” (Park 1996). And in Voo-



Novelty and Heresy 495

doo Science, he calls the final section of his EMF chapter, “Slamming
the Door Shut,” referring again to the NRC report (Park 2000, 158).
The Science coverage of the NRC report suggested, however, that the
debate wouldn’t be so easily concluded, since three NRC panel mem-
bers in a separate statement to the press indicated that “it’s still an open
question whether EMFs threaten health” (Kaiser 1996). A final pair of
examples illustrates the extreme differences on closure. A Technology
Review article quoted Adair saying that “There is probably nothing on
earth, or in the universe, that we understand as well as electromag-
netic fields and the interaction of electromagnetic fields with matter,
including biological matter” (Palfreman 1996, 26). At about the same
time the Bioelectromagnetics Society stated that “A great deal is yet to
be discovered about the interaction of EMFs with biological systems”
(Bioelectromagnetics Society Board of Directors 1996).

Both closure and openness are efforts to determine the future of
the community: closure returns the community to a status quo ante
bellum, a condition of orthodoxy defined by traditional authority; and
openness looks toward a condition in the future, to an orthodoxy not
yet achieved. As the Bioelectromagnetics Society Presidents said in
their letter to Congress, “In this still emerging area of scientific re-
search, controversy about reported results is a natural and healthy part
of the scientific process. Such controversy should not be the basis for
discarding programs of research before the important questions are
answered conclusively” (Bioelectromagnetics Society Presidents 1996).
What is at stake in the controversy over closure or openness is control
of the orthodoxy, and of the community: Who are the authorities?
What is the research agenda? What is its future?

COMMUNITY, INTERESTS, AND INCOMMENSURABILITY

The very existence of science depends upon vesting the pow-
er to choose between paradigms in the members of a special
kind of community.

—Thomas S. Kuhn, The Structure of Scientific Revolutions

A complication of the EMF debate is its interdisciplinary character,
which calls into question the locus of the relevant community. Is it
the case that bioelectromagnetics, although it is an interdisciplin-
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ary enterprise, functions as the special kind of community capable
of choosing between paradigms? Or, do the conflicting intellectual
traditions noted in our earlier discussion of topical preferences pre-
clude there being a single operative community whose members can
do the choosing? Is intellectual conflict inevitable in interdisciplinary
work? Is mutual incomprehension? Incommensurability? While I can’t
answer these questions about science in general (and there may well
be no general answer), I believe the interdisciplinary nature of EMF
bioeffects research raises issues highly relevant to a critique of incom-
mensurability.

It is noteworthy that in the most vociferous boundary-work re-
counted in the previous section, the boundary being policed is that of
science-in-general, not that of a particular discipline or subdiscipline,
whether physics, biophysics, molecular biology, epidemiology, or bio-
electromagnetics. A debate between equal disciplines or subdisciplines
cannot be decided by either one of them but must be referred to some
superordinate forum. Thus, the translation of the debate to a broader
policy or public forum is a natural and perhaps necessary move when
interdisciplinary debate does not get resolved within the scientific
forum. In the examples above, appeals are addressed to a public out-
side the territory being contested—those who read Science, Scientific
American, Technology Review, Microwave News, Physics Today, the New
York Times, the Wall Street Journal, and the like—scientists and engi-
neers in any discipline, policy-makers, research administrators, jour-
nalists, and industry analysts. This pattern of expanding the scene of
argument has also been noted by Charles Alan Taylor and by David
Mercer in similar cases. In describing the cold fusion controversy as
initially a conflict between physicists and chemists, Taylor notes the
construction of an “internal demarcation line between the competing
research communities of fusion physics and electrochemistry” (Taylor
1996, 211). Ultimately, however, the debate was played out in pub-
lic forums, notably in Congressional testimony, and decided, to some
extent, by federal funding decisions (Taylor 1996, 211-221). Mercer
points out that the Australian debate about EMFs that he followed in
the public forum of a governmental inquiry relied on competing im-
ages of scientific method. Such “method discourses,” which address
the questions of “how to, and who could, do legitimate EMF science”
(Mercer 2002 208), are based on normative definitions of science at
large.
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Transferring the debate to a broader forum brings several rhetorical
advantages to the defenders of electromagnetic orthodoxy. Challeng-
ing a heretic within the small subdiscipline of bioelectromagnetics,
whose very existence is being contested, offers little rhetorical payoff,
but if the scene can be expanded and the heresy shown to be an affront
to science itself, the errant subdiscipline can then, & fortiori, be made
to conform to the orthodoxy. Further, since physics trumps biology,
the transfer of the EMF debate undoes the assumption that the debate
is between disciplinary equals, and physics gains the right to dictate
the decision, at the same time identifying itself with the larger forum
of judgment. The orthodox represent science itself in the public forum
and to the public forum, speaking both as plaintiff and as judge. As
Richard Whately saw it, the orthodox always begin with the presump-
tion in their favor (Whately 1963, 112—-115), and in this case they gain
another layer of presumption from the socio-historical status of the
discipline of physics.

The scenes played out in the public forum direct our attention to
yet another dimension of the EMF debate: that it involves not only
differing disciplinary commitments and the asymmetrical position-
ings of heresy and orthodoxy but also multiple inzerests—social, eco-
nomic, health, and policy interests that properly exert their influences
in the public realm. The effects and uses of EMFs are of interest to in-
dustry and the military, as well as to citizens and consumers, and have
extensive economic and national security implications. In the public
forum, the debate cannot be purely scientific. A glance back at Figure
1 reminds us that EMFs in the nonionizing ranges have applications
in the electric power infrastructure, broadcast media, and telecom-
munications. Electric power in the U.S. uses 60 Hz, in the ELF band
at the extreme left of Figure 1. Long-range communication, such as
submarine and other marine communication, uses the lower frequen-
cies, in the ELF and VLF bands (300Hz to 3 MHz). Other commu-
nication media, including radio, television, satellite communications,
radar, cell phones, and other forms of broadcast and point-to-point
communication use a range of frequencies called RF, from 0.5 MHz
to 100 GHz.

Public attention to EMFs has been affected by a series of events
since the first uses of radar in World War II. The earliest research and
standard-setting efforts were conducted by the military to protect ser-
vicemen working with radar, which uses pulsed microwaves. Little of
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this work attracted public attention until the Moscow Embassy crisis
in the 1960s when it became known that the U.S. Embassy in the
Soviet Union was receiving targeted RF radiation (Steneck 1984). A
second wave of public concern followed the Wertheimer study on pow-
erline effects in 1979, and another followed in the 1980s, after a series
of epidemiological studies of occupational hazards to electrical and
electronic workers (Slesin 1987). In the 1990s, a series of lawsuits seek-
ing damages from cell phone manufacturers for brain tumors brought
another wave of media attention (Parascandola 2001).

Two military projects also became public issues.”* A Navy project,
called successively Project Sanguine, Project Seafarer, and Project ELF,
was designed to communicate with submerged submarines by means
of extremely long-wavelength, low-frequency signals (76 Hz). The
massive antenna system needed was to be buried in bedrock in north-
ern Michigan and Wisconsin over 22,000 square miles. The Navy’s
1973 Environmental Impact Statement prompted resistance from the
public and criticism from many scientists, causing delays, relocations,
downsizing, and name changes, but the system was built and became
fully operational in 1985 (FAS Weapons of Mass Destruction 1998).
In 1976 the Air Force issued an environmental assessment for a proj-
ect called PAVE PAWS,” a huge radar array to be installed on Cape
Cod to detect incoming ballistic missiles. A similar installation was to
be built in California. The environmental assessment concluded that
there were no risks to human health or the natural environment from
the 420—-450 MHz pulsed fields that would be used. Despite intense
public resistance to both projects, they were built and became opera-
tional in 1980, and there is now a third site, in Alaska (FAS Space Pol-
icy Project 2000). Controversy about PAVE PAWS continues, and the
National Research Council initiated a study funded by the Air Force
to evaluate recent claims about the effects of pulsed fields on biological
systems (Microwave News 2002a, 10). Electronic warfare in the future
will utilize EMFs in communication and detection systems like these
two systems from the 1970s, as well as in offensive systems to disable
enemy infrastructure and possibly to cause human injury.

The complexity of debate in the public forum is demonstrated in
a discussion of the origin of the 1966 exposure standard for micro-
wave radiation by historian Nicholas Steneck and his co-authors. They
enumerate the multiple interest groups involved in the standard-set-
ting process: military operations, military research, defense contrac-
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tors, medical device manufacturers, clinical researchers, biological re-
searchers, engineering-physics researchers, and the civilian-consumer
public (Steneck ez a/. 1980, 1234). Because the question of microwave
exposure standards first came up in the context of World War II, the
discussion was initiated, and continued, primarily in the context of na-
tional security: “Those who set the standard in 1966 still viewed mi-
crowaves as radar and radar as a military and industrial problem” (Ste-
neck et al. 1980, 1234). Steneck and his co-authors note that “in the
push to set the standard, there can be no doubt that possible evidence
against its safety was ignored and that research that might have clari-
fied certain details was not undertaken”(Steneck er /. 1980, 1235). In
a booklength study that covers the development of the 1966 standard
in more detail, as well as its revision in 1982, Steneck concludes that
public health interests have not been adequately represented in the
“microwave debate” and that military influence on bioeffects research
must be eliminated (Steneck 1984, 240). However, in the time since
then, the public interest has been even less well represented, as most
federal funding for bioeffects research was eliminated by the Reagan
administration in the mid-1980s. Research in the past fifteen years has
been funded primarily by those interested in expanding the use and
applications of EMFs: the electric power industry, the communica-
tions and defense industries, and the military.

By and large, active researchers have left the job of pointing out
the potential for conflicts of interest to gadflies in the public realm,
particularly Paul Brodeur, the author of three mass-market books, and
Louis Slesin, editor and publisher of Microwave News, an independent
bi-monthly review of research and policy. Brodeur’s main thesis has
been that powerful interests have covered up potential hazardous ef-
fects of EMFs, as the titles and subtitles of his three books indicate:
The Zapping of America: Microwaves, Their Deadly Risk, and the Cover-
Up (Brodeur 1977), Currents of Death: Power Lines, Computer Termi-
nals, and the Attempt to Cover Up Their Threat to Your Health (Brodeur
1989), and the Great Power-Line Cover-Up: How the Utilities and the
Government Are Trying to Hide the Cancer Hazard Posed by Electromag-
netic Fields (Brodeur 1993). His work has been sternly reviewed by sci-
entists, including those who are sympathetic to the nonthermal effects
hypothesis; one review, for example, says that he “gets far out ahead
of the evidence” and “deliberately oversimplifies and misrepresents the
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complexity of the scientific process and the evidence it has produced”
(Morgan 1990, 118).

Slesin, in addition to exerting editorial control in his newsletter,
has also been an active public commentator in the science and technol-
ogy press with letters to the editor and columns in Scientific American,
Technology Review, and elsewhere. In 1986, he identified a basic feature
of “the microwave problem” as the “domination of military funding
for biomedical research on nonionizing radiation and the reliance on
engineers rather than biologists to do the research” (Slesin 1986). In
1990, he charged that “with only a very few exceptions, all the [EMF]
research in the United States is paid for by commercial interests and
the Departments of Defense and Energy” (Slesin 1990, 17). In 1994
he criticized Zechnology Review for a column on cell phones by point-
ing out that it had been written by a consultant to the industry: “It’s
one thing to let the fox guard the henhouse, but it’s quite another to let
him lecture us on the best way to stand guard” (Slesin 1994).

In his editorials in Microwave News, Slesin has provided a running
commentary on the role of interests in EMF research. Regarding press
coverage of the Liburdy affair in 1999, he charged that “at times the
influence of corporate power in both science and the media is so over-
whelming that it starts to resemble [a conspiracy]” (Microwave News
1999b). Several months later, he charged that “industry is firmly in
control of decisions on wireless phones and public health” (Microwave
News 1999¢). In 2001, commenting on the recent announcement of
a new Air Force microwave weapon for crowd control, he noted that
the exposure standards for RF and microwaves had been loosened in
the 1980s in a way that permitted the development of this weapon.
Pointing out that a majority of the IEEE committee in charge of the
standard worked either for the Air Force or for Raytheon, the contrac-
tor that developed the new weapon, he said, “It seems obvious, but
it’s worth repeating: Health standards should be written by medical
and public health professionals, not those who make weapons for the
military-industrial complex” (Microwave News 2001). In a final ex-
ample, he claimed that “Motorola is the single most important force in
bioelectromagnetics today. It is the largest sponsor of health research,
[ . .] and it controls key positions on standard-setting committees and
professional society such as BEMS” (Microwave News 2002b).

In the public forum, the debate about EMF bioeffects seems to
turn on the Ciceronian forensic question, cui bono? or “for whose ben-
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efit?” We saw in the previous section that the orthodox raised ques-
tions about competence and motives, in an attempt to control the in-
tellectual content of EMF science by determining the boundary be-
tween science and non-science. Arguers in the public forum, especially
those without standing in the scientific forum, focus on interests in
order to challenge credibility (or ezhos), since they usually do not have
the qualifications to challenge technical competence. Although there
can be little opportunity for these defenders of the public interest to
engage in forum control or boundary work, and the public forum
lacks the structure and procedures of scientific forums, commercial
and military interests may exert control through exclusion and secrecy,
versions of what Sullivan called denial of forum, by virtue of their ac-
cess to sources of power.

The EMF debate is argumentatively complex, and there is much
more to it than the selections I have been able to present here. Howev-
er, we've seen enough to appreciate that the polarization of positions is
long-standing, intransigent, and resistant to simple resolution. Within
the relevant scientific community, the divergent understandings of the
biological and epidemiological results fit Kuhn’s characterization of
a paradigm debate: they present different problems to be solved, dif-
ferent solutions or standards for obtaining solutions, and most im-
portantly different visions of the scientific future. To attribute these
conceptual differences to scientific incommensurability would imply
that the specific nature of the ideas themselves is responsible for the
“gulf” between the physical and biological scientists in this case and
that the apparent mutual incomprehension that results makes argu-
mentation difficult if not impossible. Incommensurability as an expla-
nation leaves both the rhetorical actor and the rhetorical analyst with
lictle to say.

But we've also seen that in the EMF debate the conceptual dif-
ferences are exacerbated by disciplinary politics and by the operation
of interests that originate in the public sphere but have ways of influ-
encing the conduct of the debate within the disciplinary community.
In addition, the interdisciplinary nature of the field has encouraged
the transfer of the debate into the public sphere where those socio-
economic-political interests can exert even greater influence. Thus it
seems too simple to chalk up the EMF debate to incommensurability.
My argument, then, is that incommensurability is an impression, which
can be created not only by the differing intellectual commitments and
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habits that constitute a disciplinary matrix but also by argumentative
positionings—Dby accusation or defense, presumptions of authority, ex-
pected alliances—and which can be magnified by socio-political in-
terests. Argumentation is complexly socio-cognitive, and the continu-
ing EMF controversy demonstrates multiple dynamics that the incom-
mensurability model tends to obscure. A rhetorical description of the
debate accounts for more of its multiple features, its twists and turns,
its partisan strategies, its contested forums. A rhetorical description is
also just more interesting. In the study of scientific change and contro-
versy, incommensurability is an idea we can probably just do without.

(GLOSSARY OF ABBREVIATIONS USED

APS American Physical Society

CIRRPC Committee on Interagency Radiation Research and Policy
Coordination, a unit of the White House Office of Science
and Technology Policy

ELF Extremely low frequency band; fields with frequencies be-
low 300 Hz; includes powerline frequency of 60 Hz and
some submarine communications

EMF Electromagnetic fields; a form of energy produced by the
motion of a charged particle or object, consisting of sepa-
rate, but related, electric fields and magnetic fields (for the
electromagnetic spectrum, see Figure 1). Engineers have
divided the spectrum into somewhat arbitrary bands, such

ELF and VLE.

EPA Environmental Protection Agency; an agency of the U.S.
government

Hz Hertz, a measure of frequency, or cycles per second

LBL Lawrence Berkeley National Laboratory

MW Microwave; fields with frequencies between 10" and 10"
Hz

NIEHS National Institute for Environmental Health Sciences, a
division of the National Institutes of Health

NRC National Research Council

NCRP National Council on Radiation Protection and
Measurements; an independent organization chartered by
Congress in 1964 to formulate and disseminate informa-
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tion and recommendations on radiation protection and
measurements

ORI Office of Research Integrity, a division of the National
Institutes of Health

RF Radio frequency; generally refers to a broad band of fields
in the range from 10° to 10" Hz (0.5 MHz to 100 GHz);
includes frequencies assigned to uses such as radar, satellite
communications, CB radio, radio, television, marine com-
munications, and cell phones.

SIN Signal-to-noise ratio

VLF Very low frequency band; these fields have frequencies
from 10° to 10* Hz (3—30 kHz); used primarily for naviga-
tion

NoTES

! Media coverage has included three controversial books by Paul Bro-
deur and the New Yorker articles on which they are based (Brodeur 1977;
Brodeur 1989; Brodeur 1993).

% See Harris’s introduction and the essays in this volume by Hoynin-
gen-Huene and Gross for more detailed discussions of the proposal and de-
velopment of the incommensurability notion by both Kuhn and Feyerabend.
Here I focus on Kuhn’s use of it, partly because 'm more familiar with it and
partly because his notion, at least in its early form, presents a more widely
known model.

3 The EMF controversy has been discussed before in the science stud-
ies literature; one study, similar in some ways to the present one, examined
the argumentative strategies of proponents and opponents of high voltage
powerlines in the Australian state of New South Wales (Mercer 2002), and
the other examined the use of dosimetry to construct risk (Mitchell 1997).
Mercer focuses on differential representations about the nature of science and
scientific method in public submissions to the Gibbs Inquiry in 1990-91.

% See Bazerman and De los Santos’s contribution to this volume for an-
other look at incommensurability through a case study of interdisciplinarity.
Their findings are almost inverse to mine, suggesting that interdisciplinary
developments can pursue assimilation, as well as (in my case) division.

> The major precursor groups include the International Union of Radio
Science (URSI), the International Microwave Power Institute (IMPI), and
the IEEE Microwave Theory and Techniques Society.
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® A different way of examining disciplinary differences has been elab-
orated by Knorr-Cetina (Knorr-Cetina 1999), who develops the notion of
“epistemic cultures” as a way of emphasizing the disunity of science. Her two
cases are high-energy physics and molecular biology.

7 This is not to say that all physicists argue against bioeffects or that
all biological scientists argue in their favor. My point, rather, is that there are
certain types of arguments favored by physical scientists who do not accept
the biological effects research, and certain types of arguments favored by
biological scientists who believe the bioeffects require further research and
explanation.

8 Mercer notes the use of this argument in the Australian case (Mercer
2002, 218).

? Bennett’s book was based on the work he did for the CIRRPC panel.

1 The cold fusion debate between physicists and chemists in 1989
demonstrates that physics trumps chemistry, as well (Taylor 1996).

" In their discussion of how the “frontiers of science” are defended,
Grabner and Reiter attribute the trumping asymmetry to reductionism and
the presumed unity of the scientific method. They note, sarcastically, that
“physicists are expert in everything; other scientists only in those fields of
science that are not more basic than their own. But in any case, physicists are
the best experts” (Grabner 1979, 92). See Leah Ceccarelli’s contribution to
this volume for an account of how E. O. Wilson’s uncomprommising reduc-
tionist program in sociobiology has run afoul of social scientists.

12 He does admit that at the current state of development “it is certainly
not possible to derive the biological laws from the physical ones” (Carnap

1938, 60).

13 As T noted earlier, my characterization is necessarily general. Not all
physicists resist the hypothesis of nonthermal effects, and not all biological
and medical scientists adhere to it. Several physical scientists have proposed
models that would explain the mechanism by which nonthermal effects
could occur. But they represent a minority of those physicists involved in the
debate, and they have been less vocal and less visible.

1 Conceivably, the disciplinary positions could be reversed in another
debate, with physicists championing novelty and biologists defending a doc-
trine, although, given other dimensions of disciplinary politics I discuss a bit
later on, this seems unlikely.

1> Bromley had been a member of the APS committee that approved the
statement about EMFs quoted above.

16 Sullivan’s examples of correction are personal, including direct repri-
mand and censure by disciplinary or professional authorities (Sullivan 2000).
However, I prefer in the present case to use this category of forum control for
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the more routine dialectical exchange of scientific and public debate, partly
because it’s an important part of the struggle for forum control and partly
because it’s an open question just who the disciplinary or professional au-
thorities are in this case.

17 See Edmond and Mercer’s discussion of the origin and political uses
of the “junk science” model (Edmond 1998).

18 Like Bromley, Park was also on the committee that approved the

APS statement about EMFs. Interestingly, he does not take up creationism
in his book.

1 These three are the most adversarial and the most audible within the
public forum, though by no means the only physical scientists who engage
in boundary policing. Others include K. R. Foster, J. E. Moulder, and W. F.
Pickard.

20 The first eighteen science advisers are listed in Halber (2001), and I
verified their disciplinary backgrounds in American Men and Women of Sci-
ence; the current science adviser (as of 2005), John Marburger, has a Stanford
degree in applied physics (see http://www.ostp.gov).

2Similarly, Taylor notes in his discussion of the cold fusion contro-
versy, which at one level played out between physicists and chemists, that
physicists acted with a proprietary presumption to the field of fusion, hot or
cold (Taylor 1996, 213). The elite status of physics suggests that some of the
argumentative strategies used might be explained by Andrew King’s analysis
of the rhetoric of power maintenance, and in fact, two of the seven strategies
he discusses are clearly present in the examples above: ridicule and creat
ing boundaries by setting impossible standards (sound science, for example)
(King 1976). A closer examination might reveal more of these strategies in
this case.

2 The Office of Research Integrity was stripped of its ability to con-
duct investigations just four months after it made its judgment in the Li-
burdy case, in part because several of its decisions had been overturned on

appeal (Kaiser 1999).

% T am indebted to Dale Sullivan for noticing this particular point.
Mercer also notes this strategy in passing (Mercer 2002).

24 These accounts are taken from Brodeur (1989). I am not able to in-
clude here many details of research, technology, public reaction, and policy
decisions that complicate both these stories.

% Precision Acquisition of Vehicle Entry Phased Array Warning System.



