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Sociological Versus Metascientific
Views of Risk Assessment

DEBORAH G. MAYO

In this chapter I shall discuss what seems to me to be a systematic ambiguity
running through the large and complex risk-assessment literature. The ambiguity
concerns the question of separability: can (and ought) risk assessment be sep-
arated from the policy values of risk management? Roughly, risk assessment is
the process of estimating the risks associated with a practice or substance, and
risk management is the process of deciding what to do about such risks. The
separability question asks whether the empirical, scientific, and technical ques-
tions in estimating the risks either can or should be separated (conceptually or
institutionally) from the social, political, and ethical questions of how the risks
should be managed. For example, is it possible (advisable) for risk-estimation
methods to be separated from social or policy values? Can (should) risk analysts
work independently of policymakers (or at least of policy pressures)? The pre-
ponderant answer to the variants of the separability question in recent risk-
research literature is no. Such denials of either the possibility or desirability of
separation may be termed nonseparatist positions. What needs to be recognized,
however, is that advocating a nonseparatist position masks radically different
views about the nature of risk-assessment controversies and of how best to
improve risk assessment.

These nonseparatist views, I suggest, may be divided into two broad camps
(although individuals in each camp differ in degree), which I label the sociological
view and the metascientific view. The difference between the two may be found
in what each finds to be problematic about any attempt to separate assessment
and management. Whereas the former (sociological) view argues against sepa-
ratist attempts on the grounds that they give too small a role to societal (and
other nonscientific) values, the latter (metascientific) view does so on the grounds
that they give too small a role to scientific and methodological understanding.
Examples of those I place under the sociological view are the cultural reduc-
tionists discussed in the preceding chapter by Shrader-Frechette. Examples of
those I place under the metascientific view are the contributors to this volume
themselves. A major theme running through this volume is that risk assessment
cannot and should not be separated from societal and policy values (e.g., Sil-
bergeld's uneasy divorce). However, these calls for nonseparatism have been
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250 PHILOSOPHY AND SCIENTIFIC EVIDENCE

accompanied by calls for greater scientific and methodological understanding,
albeit an understanding that allows for a critical (or metascientific) scrutiny of
the uncertainties involved. The problem I am raising results because nonsepar-
atists of the metascientific stripe are lumped along with nonseparatists of the
sociological stripe.

Although they are not often put forward as such, I believe that each of the
two camps of nonseparatists corresponds to a different underlying philosophy
of scientific knowledge and scientific rationality. I grant that the distinction I
am seeking is neither clear-cut nor uniform, which is doubtless part of the reason
it has largely gone unrecognized. However, failing to see this key difference
between those who argue against separatism has, in my opinion, so obscured
the debates over how to improve risk assessment that even an oversimplified
partitioning of nonseparatists seems necessary.

Processes of Risk Assessment

The term risk assessment may be used more broadly1 than I intend here, to
include risk perceptions (or even risk management). To avoid a further ambiguity
that often infects discussions of risk-assessment controversies, I shall delineate
at the outset what I understand risk assessment to cover. It then will be possible
to ask, without begging key questions, whether the components of risk assess-
ment do or do not include these broader aspects. Following the characterization
spelled out in a 1983 report by the National Academy of Science (p. 18), I
understand risk assessment to include the following four steps:

1. Hazard identification: Characterizing the nature and strength of the
causal evidence as to whether exposure to an agent can increase the
incidence of a health condition (cancer, birth defect, etc.) in humans,
lab animals, or other test systems.

2. Dose Response Assessment: Estimating the incidence of an effect as a
function of exposure in various populations of interest, extrapolating
from high to low dose and from animals to humans. It should describe
and justify the methods of extrapolation used and should characterize
the statistical and biological uncertainties.

3. Exposure Assessment: Measuring or estimating the extent of human ex-
posure to an agent that exists or would exist under specified circumstances
in various subgroups.

4. Risk Characterization: Estimating the incidence of health effect under the
various conditions in the specified subgroups. This combines the previous
steps and includes a description of the uncertainties at each step.

The NAS-NRC Report and Separability

Far from being of merely conceptual interest, the issue of separability is fun-
damental to debates directly affecting actual practices of government regulation
of hazards. An extremely rich source of material in which to trace recent ar-
guments concerning separability is the period from the early 1980s to the present.
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SOCIOLOGICAL VERSUS METASCIENTIFIC VIEWS 251

I shall focus on the practices and the philosophy of the Environmental Protection
Agency (EPA) during 1981 and 1982, referring to it as the "Gorsuch EPA," as
Ann Gorsuch (later Ann Burford) was the EPA administrator at the time.

The problem that arose in case after case2 (often resulting in the Gorsuch
EPA's being brought to trial) was that many widespread procedures for risk as-
sessment were being repudiated in favor of "scientific" assessments (and in some
cases reassessments) that fairly blatantly reflected the antiregulatory policy fa-
vored by the affected industry and by the Reagan administration generally. As an
outgrowth of such concerns, Congress requested a study of these problems and
some proposals for reforms. This resulted in a report by the National Academy of
Science-National Research Council (NAS-NRC) in 1983. The concern, as the re-
port states, is this:

With a scientific base that is still evolving, with large uncertainties to be addressed in
each decision, and with the presence of great external pressures, some see a danger
that the scientific interpretations in risk assessments will be distorted by policy consid-
erations, and they seek new institutional safeguards against such distortion, (p. 14)

To avoid such distortion, the proposed reforms suggest that risk assessment be
separated from risk management.

Among the institutional reforms suggested, the NAS-NRC report focuses
on two: reorganization, to ensure that risk assessments are protected from in-
appropriate policy influences, and the development and use of uniform guidelines
for carrying out risk assessment. Although the report did not recommend in-
stitutional separation, it did believe it important to strive to enable risk analysts
to work independently of policy pressures and to distinguish risk assessment
from risk management conceptually:

We recommend that regulatory agencies take steps to establish and maintain a clear
conceptual distinction between assessment of risks and consideration of risk man-
agement alternatives; that is, the scientific findings and policy judgments embodied
in risk assessments should be explicitly distinguished from the political, economic,
and technical considerations that influence the design and choice of regulatory strat-
egies, (p. 7)

To implement its recommendations the NAS-NRC proposed setting out uniform
inference guidelines for interpretating scientific and technical information rel-
evant to risk assessment. The use of such guidelines, it believes, "will aid in
maintaining the distinction between risk assessment and risk management" (p.
7). It also recommends an independent Board on Risk Assessment Methods
whose main function would be to assess critically the evolving scientific basis of
risk assessment and to make explicit the underlying assumptions and policy
ramifications of the inference options (p. 8).

The NAS-NRC report, then, was the basis for implementing separation at
regulatory agencies such as the EPA (Environmental Protection Agency) and
OSHA (Occupational Safety and Health Administration). William Ruckelshaus,
who replaced Gorsuch after this controversy erupted, made it clear in his 1983
statement that he was relying on the NAS-NRC report in stressing the impor-
tance of separating risk assessment and risk management. Even in the face of
conflicting political pressures, Ruckelshaus declared that "risk assessment at
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252 PHILOSOPHY AND SCIENTIFIC EVIDENCE

EPA must be based only on scientific evidence and scientific consensus. Nothing
will erode public confidence faster than the suspicion that policy considerations
have been allowed to influence the assessment of risk" (Ruckelshaus 1983,
pp. 1027-28).

The attempt to improve risk assessment through such separation has been
challenged both in principle and in regard to the form it has actually taken. It is
often argued in work in the social studies of science that any attempt to enhance
the neutrality of risk assessment by separating risk assessment and risk manage-
ment is wrongheaded because it presupposes a view of risk assessment as a matter
of objective, impartial, empirical fact, while viewing risk-management policy as
invested with social values, subjective, emotional or aesthetic feelings not adjud-
icable in a "rational" manner. What is being contested is the view underlying
Ruckelshaus's remark that "although there is an objective way to assess risk,
there is, of course, no purely objective way to manage it" (Ruckelshaus 1983,
p. 1028). Not surprisingly, challenges to the objectivity and rationality of scien-
tific risk assessment, and the corresponding arguments against separatism, are
closely connected with the more general challenge from philosophers, historians,
and sociologists to a certain image of scientific rationality and objectivity. The im-
age being questioned is the naive positivist or what I shall call the old image of sci-
entific rationality, in which science is thought to be value free.

Overview

I shall begin by considering how the challenge to the plausibility of separating
assessment from policy relates to a more general philosophical challenge to what
may be called the old image of scientific rationality, and I shall outline the
argument that leads the sociological view to reject separability. Then I shall
compare the implications of the metascientific view, which also rejects separa-
bility, with those of the sociological view and two other positions. My conclusion
is that what matters most is not whether or not a view espouses separatism but
whether it adheres (implicitly or explicitly) to the old image of science or,
alternatively, sets the stage for a new or postpositive image, in which scientific
scrutiny—though neither algorithmic nor value free—can nevertheless appraise
objectively the adequacy of risk assessments. By "appraising objectively" I mean
determining (at least approximately) what the data do and do not say about the
actual extent of a given risk. Last I shall illustrate these issues and arguments
by considering a controversial ruling during the Gorsuch EPA pertaining to the
significance of the risks associated with formaldehyde.

THE OLD IMAGE OF SCIENTIFIC RATIONALITY
AND THE SOCIOLOGICAL CHALLENGE TO
SEPARABILITY

The Old (or Naive Positivist) Image of
Scientific Rationality

According to the old image of science, stemming from the positivist tradition
that prevailed from 1930 to 1960, the rationality of science rested on objective
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SOCIOLOGICAL VERSUS METASCIENTIFIC VIEWS 253

rules for appraising hypotheses and adjudicating between competing hypotheses.
Demonstrating the rationality of science required articulating objective, value-
free rules to assess hypotheses.

Philosophers, however, failed to articulate such rules satisfactorily, and the
entire view that science follows impartial algorithms came under challenge by
Kuhn (1962) and others. Actual scientific debates often last several decades and
are not adjudicated simply by empirical rules; "extrascientific" values enter as
well. This has been taken to show the untenability of the old image of scientific
rationality. But some philosophers, presumably holding the old image ideal to
be the only type of rationality worth having, have taken this as grounds for
abandoning altogether the view that science is characterized by rational methods.
Instead they hold that such extrascientific values—metaphysical beliefs, goals,
subjective interests and the like—play a greater role than does empirical evidence
in evaluating hypotheses and adjudicating scientific disputes. According to ex-
treme versions of this view (e.g., Feyerabend) beliefs about the world are not
constrained at all by what we learn from empirical evidence in science. Sociology
of knowledge has further strengthened this "antipositivist" sentiment by re-
vealing how social contexts have influenced scientific theory appraisal in specific
instances.3

Based on the old image, if scientists disagree in the face of the same empirical
data—one group concluding that a substance is carcinogenic, say, and another
group concluding it is not—there is a violation of scientific rationality. Such
disagreement seems to illustrate, as Hamlin (1986) notes, that "experts on one
side, or even both sides, are falling so much under the sway of 'interests' that
they violate central norms of impartiality, emotional neutrality, universality . . .
and the like. .. their behavior has been seen as the prostituting of science, as
the selling of credibility to the highest bidder" (p. 486). Were it possible to avoid
or somehow to neutralize these interests, adjudication of the scientific dis-
agreement would be forthcoming. According to this old image perspective, it
makes sense to seek reforms by means of new alignments among experts and
policymakers, for example, the type of independent board recommended in the
NAS-NRC report.

But this perspective has been questioned in both philosophy of science gen-
erally and the social studies of science. As Hamlin continues:

A growing body of literature in the social studies of science takes issue with this
formulation. It suggests that it is meaningless to think about a disinterested science;
especially in such policy-relevant areas as ecology and public health, it will be im-
possible to impose any unarbitrary separation of scientific from social issues, and
unreasonable to expect that "unbiased" assessors will have no interest of their own
to represent. In this view there can be no disinterested parties, but simply parties
with different, more-or~less conflicting or compatible interests. (1986, p. 487)

The Sociological View

Such questioning of the old image is taken as the basis for variants of what I
shall call the sociological view. An example of such a view is put forward by
Brian Wynne, who claims:
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254 PHILOSOPHY AND SCIENTIFIC EVIDENCE

The debates over the safety of many environmental pollutants are structurally con-
ditioned by the fact that underlying the overt technical discourse is a symbolic
discourse in which those who have previously committed themselves to a particular
scientific point of view, with particular policy implications, are attempting to defend
their long-term credibility. (1982, p. 133)

The meaning of such "symbolic discourse" (which he compares with poetry, art,
and religion) is "socially malleable," in contrast with the "cold steel of hard
empirical fact" assumed in the old or positivistic view to be characteristic of
science. Wynne still employs the term "scientific rationality," but now it is seen
as "intrinsically conditioned by social commitments" (p. 139).

Another type of sociological view stems from a variant of this criticism of
the old image. The criticism begins with the recognition that facts are not only
necessarily theory laden but also fail unequivocally to pick out a best hypothesis,
that is, facts underdetermine hypotheses. Thus, if decisions about hypotheses
are reached despite these knowledge gaps, they must be the result of "subjective
judgments" influenced, if not wholly determined by, social and ethical values.
This is one of the tacks employed by Douglas and Wildavsky (1982) (see Chapter
11, this volume) in their sociocultural theory of risk. They maintain that "the
risk assessors offer an objective analysis. We know that it is not objective so
long as they are dealing with uncertainties and operating on big guesses. They
slide their personal bias into the calculations unobserved" (p. 80). The knowl-
edge gaps, they continue, must be filled with educated guesses, and the remainder
of their book is devoted to showing "that the kinds of guesses about natural
existence depend very largely on the kinds of moral education of the people
doing the guessing" (p. 80).

Douglas and Wildavsky go even further: In their view, not only do such
social values enter to fill knowledge gaps in reaching risk assessments, but the
very methods, models, and interpretations are themselves social constructions.
They are led to the extreme position that reduces risk assessment to cultural or
moral judgment—a "social reductionism." As S. O. Funtowicz and J. R. Ravetz
put it, social reductionism may be seen as "a methodological position which
assumes that every debate over technological risks is really a conflict among
contradictory 'ways of life' and that the awareness of this would be enough to
settle the question" (1985, p. 223).4

For our discussion, we can place under the heading of the sociological view
of risk assessment two views (both of which come in degrees):

1. Social factors necessarily enter into risk assessment because where there
are knowledge gaps, there is nothing to fill them with except social and
moral judgments (social relativism).

2. Risk assessment is entirely the outcome of socially determined methods
and judgments, which are social constructs (social reductionism).

What matters for my argument is that both of these views lead to similar con-
sequences for risk assessment: Risk-assessment judgments (at least those con-
taining uncertainty) are policy judgments, and risk-assessment disagreements
largely reflect disagreements about policy (including moral, social, economic,
or other nonscientific5) values. Thus, risk-assessment judgments and the adju-
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SOCIOLOGICAL VERSUS METASCIENTIFIC VIEWS 255

dication of disagreements necessitate going beyond empirical evidence, scientific
criteria, and analytic methods to extra scientific (social and policy) considera-
tions. In the sociological view, the primary issue is not estimating objective
physical risks, but instead social and politically conditioned attitudes toward
physical risk. Wynne adds: "Determining objective physical risks will still be
valid of course, but the lingering tendency to start from this scientific vantage
point and add social perceptions as qualifications to the 'objective' physical
picture must be completely reversed" (1982, p. 138).

The result is that the methods of science are given little, if any, role in an
unbiased adjudication of disagreements over risk assessments. How could they,
after all, if each view is as biased as the next? According to Douglas and Wil-
davsky, "everyone, expert and layman alike, is biased. No one has a social
theory above the battle" (1982, p. 80). If a judgment is biased as long as it is
the output of a human or of a method that humans articulate, then, of course,
all judgments are biased. But then for a risk assessment to be biased becomes
trivially true: By definition there is no way to criticize an assessment as biased.
There would be no sense in criticizing a risk assessment as a misinterpretation
of data, in the sense of incorrectly asserting what the data indicate about the
actual extent of a given risk. Because in the sociological view, interpreting
scientific results is necessarily colored by social and political contexts, such crit-
icism would be simply a criticism of the social and moral views of the assessor.
The claim is not just that science cannot tell us which risks to find acceptable—
that much is not controversial. The claim is that science cannot tell us the extent
of a given harm, because given the uncertainties such an assessment is always
a matter of one's ethical and policy values. No wonder, then, that Douglas and
Wildavsky conclude: "Science and risk assessment cannot tell us what we need
to know about threats of danger since they explicitly try to exclude moral ideas
about the good life" (p. 81). Can this conclusion be avoided?

The Sociological Argument Recapitulated: Premise (P)

Let us recapitulate the link between rejecting the old image of rationality and
the view that risk-assessment views reflect (to varying degrees) prior policy or
social commitments. The first part of the argument is that a strict demarcation
between risk assessment and risk management (or of "facts" and "values") is
plausible only if the old image of science can be maintained—that is, only if
there are methods for a strictly factual appraisal of hypotheses—in this case
hypotheses about the actual risks caused by a given substance. The old image
is unattainable; therefore strict separability is unattainable. Let us accept the
argument thus far as sound. But how does this lead to the further claims (of the
sociological view) that the risk estimate is largely or solely determined by prior
social policy positions, that disagreements about estimates reflect different ex-
trascientific values, and that there can be no unbiased scientific court of appeals?
The additional premise required is something like this:

P: If strict separability is unattainable, then empirical, technical, and scientific meth-
ods cannot provide unbiased risk assessments or adjudicate objectively between
conflicting assessments.
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256 PHILOSOPHY AND SCIENTIFIC EVIDENCE

Again, by an objective adjudication I mean one that reflects what is actually
the case about a risk, regardless of one's policy preferences.

However, to assume premise (P) is tantamount to assuming that the old
image of scientific rationality is the only one possible or worth having. Although
it is not typically recognized, workers in social studies of science are led to this
sociological view not as a consequence of repudiating the old image of scientific
rationality but by taking it all too seriously. Laudan (1989) makes an analogous
point concerning the postpositivists Kuhn, Feyerabend, and Quine, as does
Shapere (1986) with regard to work in social studies of science. For what sup-
porters of the sociological view must be arguing is that unless risk assessment
can be accomplished by (value-free) logical rules or algorithms, it is outside the
domain of science proper (falling instead into the domain of extrascientific
policy), and we are led to dethrone science as an adjudicator in assessment
disputes. That is, their grounds for denying that risk assessment consists of
applying scientific methods separable from policy stem from implicitly holding
to the old image philosophy in which scientific methods must be dictated by
neutral, logical rules.

So prevalent is the view underlying premise (P) that it seems to be assumed
with little argument. Indeed, in the first issue of Risk Analysis, as Funtowicz
and Ravetz (1985) note and criticize, Kaplan and Garrick (1981) assume from
the outset that risk is radically relative and that there is no difference between
risk and perceived risk. This view is a corollary of premise (P).

If premise (P) were true, then anyone rejecting the separability of risk as-
sessment and policy (i.e., any nonseparatist) must embrace (P)'s consequent
and repudiate the adjudicating power of science. And because (P) is so widely
assumed, every contribution to the literature that takes a nonseparatist line tends
to be regarded as giving yet further support for this repudiation. But this is a
mistake. There is another view that, like the sociological view, challenges the
tenability of separating risk assessment and policy, yet, unlike the sociological
view, denies premise (P). This second view also argues against a rigid separation
of risk assessment as cold hard facts divorced from risk management; it too
objects to the old image. Where this second view differs from the sociological
view is in upholding the ability of scientific methods and criteria to criticize
objectively those risk-assessment judgments involving knowledge gaps. For rea-
sons to be explained later, I shall refer to this second, critical view as the
metascientific view.

THE METASCIENTIFIC CHALLENGE TO SEPARATISM
AND THE DENIAL OF PREMISE (P)

My understanding of the term metascience should be distinguished from the term
transstience. The latter is defined by Weinberg (1972) as being outside science
proper, but metascience is within science, at least if science is understood in a
genuinely postpositivist (new image) manner, which I shall be discussing. The
term "metascience" seems appropriate because the critical scrutiny of the un-
certainties in risk assessment involves a critical reflection that might be seen as
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one level removed from the process of risk assessment itself—much as we term
metalogic the scrutiny of the philosophical foundations of logic.

The metascientific view need not actually be put forward in terms of an
argument in favor of any general philosophy of science. In practice, in fact, it
is typically presented within a repudiation of the actual form that attempts at
separation have taken, as in the period since the NAS-NRC report. A major
criticism is that such an attempt hampers communication between risk assessors
and risk managers, thereby hindering rather than helping ensure adequate as-
sessments (e.g., Jasanoff and Silbergeld, Chapters 2 and 5, this volume). The
result is that managers are left to use assessments without knowing the underlying
methodological assumptions and their associated uncertainties. The suggestion
is that the problem can be ameliorated or at least improved by a better under-
standing of the uncertainties underlying choices of risk-assessment estimates. In
striking contrast with the sociological view, these calls for nonseparatism are
calls for greater scientific and methodological understanding, albeit an under-
standing that is based on a critical (or metascientific) scrutiny of the uncertainties
involved.

Thus, although both the sociological and the metascientific views are non-
separatist—they both hold that risk assessment involves both science and pol-
icy—each sees this nonseparability as having very different consequences for
the role of science in risk assessment. The proponent of the sociological view
argues against separatist attempts because he considers it impossible to perform
adequately the science of assessment without being involved in the policy and
ethical values of risk management. The metascientist argues against separatist
attempts because he considers it impossible to perform risk management ade-
quately without understanding the science underlying the assessments. To clarify
the distinction between the two positions, we need to begin by asking where
the policy input into risk assessment lies according to the metascientific view.
Although in the sociological view the answer is essentially "everywhere," what
I am calling the metascientific view is concerned with the entry of policy con-
siderations only in the specific places that the NAS-NRC report labels risk-
assessment policy (RAP) judgments.

Risk-Assessment Policy (RAP)

Risk-assessment policy refers to the various judgments and decisions, sometimes
called inference options, that are required to carry out risk-assessment estimates.
Because these judgments include choices with no unequivocal scientific answers
and because these choices have policy implications, they are intertwined with
policy. The NAS-NRC report (1983, pp. 29-33) offers a useful delineation of
more than fifty junctures at which, owing to uncertainty, an inferential or an-
alytical choice must be made in the course of making risk assessments. Some of
those relevant to the metascientific standpoint are the following:

1. Some RAP questions under different components of hazard identification:
a. Epidemiologic data
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• What weight should be given to studies with different results? Should
a study be weighted in accordance with its statistical power?

• What weight should be given to different types of studies (pro-
spective versus case control?)

• What statistical significance level should be required for results to
be considered positive?

b. Animal-bioassay data
• What degree of confirmation of positive results should be necessary?
• Should negative results be disregarded or given less weight?
• Should a study be weighed according to its statistical power?
• How should the occurrence of rare tumors be treated? (Should it

be considered evidence of carcinogenicity even if the finding is not
statistically significant?)

« What models should be used to extrapolate to humans?
2. Some RAP questions concerning dose response assessments

a. Epidemiological data
• What dose response models should be used to extrapolate from

observed doses to relevant doses?
b. Animal bioassay data

• What mathematical models should be used to extrapolate from ex-
perimental doses to human exposures?

• Should dose response relations be extrapolated according to best
estimates or according to upper confidence limits? If the latter, what
confidence limits should be used?

Although science and policy are intermingled in selecting among inference
options at each stage of risk assessment (hazard identification, dose response
assessment, exposure assessment, etc.), the policy entry here is intended to be
distinguished from the broader social, ethical, and economic policy decisions in
risk management. According to the NAS-NRC report: "At least some of the
controversy surrounding regulatory actions has resulted from a blurring of the
distinction between risk assessment policy and risk management policy" (1983,
p. 3). To see how this blurring occurs and to consider whether it may be avoided,
we need to be clear on how policy enters in RAP.6

How Policy Enters into Risk-Assessment
Policy (RAP) Judgments

Policy enters into RAP judgments as follows: Insofar as there is more than one
scientifically acceptable answer to these RAP questions, there will be latitude
for choice among possible plausible responses. Each choice influences the risk
assessment and so has a policy implication. In particular, the choice will influence
the likelihood that a substance will be judged to pose a significant hazard to
human health. The more an inference choice increases the likelihood that a
substance will be judged a significant risk, the more protective or conservative
it is. For example, deciding to use positive results from animal data as indicative
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of human risk is more conservative than, say, requiring positive human data.
Although animal data provide imperfect predictions of human risk, deciding to
use them makes it more likely that a human risk will be uncovered.

Because RAP options differ in their degree of protectiveness, it is possible
to advance one's policy values—one's view of how protective an estimate should
be required to be—by making suitable choices of these inference options. The
criticism lodged against the Gorsuch EPA (and other agencies during the early
Reagan administration) was that antiregulatory (i.e., less protective) RAP
choices were systematically allowed to influence risk assessments made by agency
scientists. The result was to politicize the agency. Science in the Gorsuch EPA
was science in support of the policy of freedom from regulation (dubbed "reg-
ulatory relief"). Under the guise of demanding stringent scientific evidence,
these less protective RAP choices made it extremely unlikely that a substance
would be deemed a significant human risk. Indeed, as Silbergeld (Chapter 5,
this volume) notes, scientists who did not toe the antiregulatory line were ex-
cluded from serving on the agency's scientific staff or as advisers. This resulted
in the explicit effort by Ruckelshaus in 1983 to separate risk assessment from
risk management (the new separatism). But these separatist reforms failed to
have their intended effect, which is the basis of the objections from the meta-
science corner.

We can now make plain what the metascience view finds objectionable about
attempts to separate risk assessment from management. The problem in a nut-
shell is that in all separatist models, the purely scientific components of risk
assessment are to be performed by scientists, and the components in which
policy enters are to be performed by policymakers. Once it is recognized that
risk assessment involves policy in the form of RAP choices, it follows that such
choices should be the policymaker's task. But this allows two undesirable con-
sequences: It permits policymakers (1) to fall into all manner of misinterpre-
tations of the assessment evidence and (2) to introduce, either consciously or
unconsciously, the very same biases in assessments that led to the separatist
"reforms" in the first place.

In order to avoid such hidden biases in assessments, it is necessary to rec-
ognize the specific policy influences and implications of specific RAP choices—
for example, the implications for protectiveness of choosing a maximum like-
lihood estimate, in contrast with an upper 95 percent confidence interval. But
understanding the protectiveness of the RAP choices requires understanding the
evidential meaning of the different types of risk estimates. And this requires
understanding the scientific uncertainties involved. If RAP judgments are made
by nonscientist policymakers, they are likely to be made by persons divorced
from the original issues and uncertainties underlying the different risk estimates.
At the same time, the scientist is limited to presenting possible RAP choices
but is involved neither in making them nor in bringing out the implications for
protectiveness.7 For example, if the scientific work ends after reporting two
possible estimates that may be used, say, a maximum likelihood estimate and
an upper 95 percent confidence-bound estimate, then the scientist will not be
around to explain how far off each is likely to be from the actual risk and why.
Under the Gorsuch EPA, the risk assessor could choose either, supporting his
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or her choice as good science. Under the new separatist reforms, the risk assessor
could also choose either, supporting his or her choice as selecting from among
two scientifically plausible options. Neither case requires the assessor to artic-
ulate and defend the standard of protectiveness effectively being held by choosing
a given option.

Recapitulation of Four Positions:
Some Shared Consequences

As with any attempt to analyze positions that differ in degree and often exist
without explicit articulation, my description of four positions will be somewhat
oversimplified. However, I believe it will bring to light their key consequences
and philosophical underpinnings. The four positions are those of (1) the Gorsuch
EPA, (2) the separatist reform that it engendered (the new separatism), (3) the
sociological view, and (4) the metascientific view.

Although risk assessment in the Gorsuch EPA was thought to be in need of
the separatist reforms, it could be said to have been espousing a separatist
framework (though it did not actually succeed in following one). In the Gorsuch
EPA, as in the new separatism, the "scientific" aspects of risk assessment were
seen as separable from the value-laden management decisions. But the line
between these two was drawn in different places. The Gorsuch EPA—as its
defenders' arguments indicate—reflected the view that the decisions that we
would call RAP decisions were within the province of science. What was effec-
tively a call for less protective standards was typically couched as a call for better
and more rigorous science.

The challenges to the Gorsuch EPA (analogous to the challenges to the
positivist image) essentially claim that the cutoff between science and policy
needs to be moved: The judgments needed to generate and interpret data in
order to arrive at risk assessments also permit the entry of policy values (hence
the term risk-assessment policy or RAP judgments). Thus, in the new separatist
reforms, the judgments that go beyond the "hard facts" of science enter the
domain of policy judgments: RAP judgments are moved from the domain of
science to the domain of policy. So science qua science cannot help in deciding
among RAP options. But allowing RAP to be performed by policymakers with-
out a critical scientific oversight, we said, permits the original problem to recur.
The consequence is that RAP judgments are made without bringing out the
different implications for the protectiveness of different choices.

Before illustrating how this occurs, it should be noted that this consequence
has implications beyond the separatist views. The same consequence follows
from seriously embracing the sociological view. The reason is this: If going
beyond the hard facts introduces subjective policy judgments, then any judg-
ments beyond pure science belong to the realm of policymaking and ought to
be made by policymakers, not scientists. This would follow for both the new
separatists and for adherents to the sociological view. If according to the soci-
ological view, policy judgments about risk estimates are more like "symbolic
discourse"—more like moral or aesthetic judgments—then the judgment se-
lected is a matter of subjective preference. I am not saying that the new separatist
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reforms explicitly endorse this sociological view of RAP judgments, for they do
not. Rather, I am saying that the operationalization of these separatist reforms
in fact yields the same results willingly embraced by the sociological view.8

That the separatist view embodied in the reforms and the sociological view
should have this shared consequence is not surprising if one remembers that the
latter implicitly holds to the old image of science, as does the former only more
explicitly. What follows is that the real difference in views turns not on whether
they espouse separatism or nonseparatism but on whether or not they are based
on the old image of science.

The philosophical underpinnings of a metascientific approach, I claim, gen-
uinely depart from this old image of science to a postpositivist or "new image"
of science. In contrast with the old image of science, the metascientific view
acknowledges the lack of value-free, universal, algorithmic methods for reaching
and evaluating claims about the world (in our case, risk-assessment claims). But
far from understanding this to preclude objectivity, an explicit recognition of
how value judgments can influence the statistical risk assessments (in RAP)
can—according to the metascientist—be used to interpret assessments more
objectively. One way to recognize the policy influences and implications of RAP
judgments is to evaluate their corresponding protectiveness for the case at hand.9

This requires critical metascientific tools.
I shall now turn to the question of why a metascientific approach is more

adequate than the alternatives just considered are. As is appropriate for ap-
praising any postpositivist view, I shall judge its adequacy not by a priori ar-
guments but by considering how well it would fare (in contrast with the other
views outlined) in an actual risk-assessment controversy.

THE FORMALDEHYDE CONTROVERSY

The formaldehyde controversy at the EPA illustrates the problems that arose
from the agency's politicization of science, and the attempted cure—the new
separatism.

The RAP Controversy in Assessing Formaldehyde

In order to arrive at a risk assessment in the case of formaldehyde—that is, to
determine whether and the extent to which formaldehyde increases the risk of
cancer in humans—many of the key RAP judgments discussed earlier had to be
made. This is an unusually instructive example of disagreements at each of these
decision points and of policy controversies that erupted from such disagreements.
My focus will be on.the RAP option around which the bulk of the risk-assessment
controversy centered: the importance of positive animal studies in the face of
negative or inconclusive epidemiological studies. As is often the case with car-
cinogenic risk assessment, information from prospective randomized treatment-
control experiments was available only on animals, that is, in the case of form-
aldehyde, rats. Epidemiological studies on humans, in contrast, allowed only a
retrospective analysis of cancer rates in various occupations. On the basis of the
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statistically significant increases in (nasal) cancer among treated rats, the Chem-
ical Industry Institute of Toxicology (CUT) reached the assessment that for-
maldehyde is carcinogenic in laboratory rats and reported this to the
Environmental Protection Agency in November 1980. A panel of eminent sci-
entists convened by the National Toxicology Program confirmed this hazard
assessment and concluded that "formaldehyde should be presumed to pose a
risk of cancer to humans."10 The lengthy document detailing the formaldehyde
risk assessments was entitled the "Priority Review Level 1" (PRL-1) and dated
February 1981.

On the basis of hazard assessments, the EPA staff reached the policy decision
to designate formaldehyde as a priority chemical under the EPA provision known
as 4(f). On May 20, 1982, the U.S. House of Representatives, Subcommittee
on Investigations and Oversight of the Committee on Science and Technology,
held a hearing on this matter. Its review, entitled Formaldehyde: Review of the
Scientific Basis of EPA's Carcinogenic Risk Assessment (hereafter referred to as
Hearing) concluded:

EPA believes that formaldehyde has met the criteria for 4(f) for the following
reasons. First, the results of a recently reported bioassay study demonstrate that
formaldehyde is carcinogenic in rats. A National Toxicology Program (NTP) panel,
which evaluated the 18-month data, concluded that formaldehyde should be pre-
sumed to pose a risk of cancer to humans.. . . Second, review of the available in-
formation on the use of formaldehyde and resulting human exposure suggests that
large numbers of people are potentially exposed to harmful concentrations of for-
maldehyde. Accordingly, the Agency finds that there may be a reasonable basis to
conclude that formaldehyde presents a significant risk of widespread harm to humans
from cancer, (pp. 5-6)

This last sentence is important because statute 4(f) requires only that there may
be a reasonable basis and not that there is a reasonable basis to conclude that
a significant risk exists.11 In itself it does not call for any regulation but is simply
a call for closer scrutiny based on an indication that there may be a significant
cancer risk.

Then there was a change in administration; the Reagan administration en-
tered, and along with it a new EPA administrator, Anne Gorsuch, and some
new staff. In fact, formaldehyde was the first 4(f) recommendation brought
before the new administrator for signing. But instead of signing it she had
members of the new EPA staff carry out a reassessment of the hazard data in
the PRL-1. The new and revised version of the data became the Todhunter
memorandum, named for John Todhunter, a new EPA assistant administrator.
Some of the changes included blatant erasures of the highest-risk estimates that
had been given in the PRL-1. The original document read, "For most of identified
subpopulations, the estimated risks are equal to or greater than 1 in 10,000,
however in some instances the risks are in the range of 1 in 10... 1 in 100 and
1 in 1,000." The Todhunter memorandum cut out everything after "1 in 10,000"
and reported, "For most of identified subpopulations, the estimated risks are
equal to or greater than 1 in 10,000."12 (At least one witness at the hearing
(referred to earlier) that resulted testified that he quit rather than make these
changes.) Among the other most important changes was deciding to de-empha~
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size the positive rat studies and to emphasize the negative epidemiological studies
on humans. Todhunter concludes, for example, "There does not appear to be
any relationship, based on the existing data base on humans, between exposure
[to formaldehyde] and cancer. Real human risk could be considered to be low
on such a basis" (Hearing, p. 260). This hazard reassessment was given as the
basis of a changed policy. On September 11, 1981, the original EPA staff rec-
ommendation to designate formaldehyde as a 4(f) priority chemical was reversed,
and the opposite policy choice was made. Whether or not this shift in hazard
assessment was justified was the subject of an enormous controversy leading to
the aforementioned congressional hearing on formaldehyde. As the title of the
report of the hearing makes plain, it was intended as a "review of the scientific
basis of the EPA's carcinogenic risk assessment." (It makes for fascinating read-
ing.) A key question for the subcommittee, as its chairman, Senator Albert
Gore, Jr., states, is, "To what extent has EPA and Dr. Todhunter departed
from the long standing principles for carcinogenic risk assessment and given the
wide acceptance of these principles is there an accepted scientific basis for such
departure?" (Hearing, p. 3).

Science Politicized in the Gorsuch EPA

RAP judgments, in the Gorsuch EPA, overtly reflected the agency's predeter-
mined policy—to hold a very stringent standard before deeming a risk to be
significant. As Ashford, Ryan, and Caldart (1983) note in their insightful article
on this case:

EPA's formaldehyde deliberations powerfully illustrate the ease with which matters
of policy may be confused with matters of science. The agency's technical analysis
hides significant procedural deficiencies. Whether intentional or not, the result is an
invidious one: the analysis purports to justify, in the name of science, a risk assess-
ment policy far less protective of human health than the agency's prior policy, (p.
342)

How was the political agenda (antiregulation) masked as science? We can answer
this by referring to our points concerning the RAP decisions. Each choice has
implications for the protectiveness of the risk assessment (the chance that it will
be considered a significant hazard to humans). With an EPA purged of scientists
(save those leaning toward avoiding regulation), there was plenty of leeway for
them to choose, consistently, the inference option most likely to have a less
protective outcome. (In addition to giving less weight to the well-documented
positive animal results and interpreting negative epidemiological studies as in-
dicating low or no increased human risk, they endorsed other less protective
choices in the formaldehyde assessment, such as holding to the existence of a
threshold for carcinogenicity of formaldehyde, discounting benign tumors, and
preferring maximum likelihood estimates over upper confidence level estimates.)

After all, if RAP judgments are viewed as part of the science of risk as-
sessment—as they were in the Gorsuch EPA—then it is appropriate for agency
scientists to choose among RAP options. And when the choice among options
is not determined by "hard scientific fact," then each option may be presented
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as scientifically plausible. In his attempt to demonstrate that each of the RAP
options in the formaldehyde dispute were scientifically plausible, Todhunter
strove to document "expert scientific support" of the positions he favored. It
was precisely this tendency, in this case and others, that led to the suspicion
that "expert scientific support" was being enlisted to justify any position that
the EPA favored. This suspicion of the EPA—and the need to avoid it—led to
the formaldehyde hearings. The chairman, Senator Albert Gore, Jr., remarked
in his opening statement: "We have witnessed . . . a belief, becoming widespread,
that industry has special access to EPA and that EPA is becoming a captive to
the industries it was established to regulate" (Hearing, p. 1).

One of the main reasons for this suspicion was that the new administration
did not base its decision against a 4(f) designation on any new data beyond the
PRL-1 document that had been the basis for the original, and opposite, rec-
ommendation to designate formaldehyde under 4(f)—though, as we mentioned,
it did conceal some evidence supporting a 4(f) designation. Rather, the new
administration proceeded to hold a series of secret meetings restricted only to
certain scientists and lawyers from the Formaldehyde Institute, the Formalde-
hyde Trade Association, and the EPA staff. These meetings were claimed to
consist solely of scientific discussions. In these "scientific" meetings the partic-
ipants reinterpreted the data and came to a conclusion opposite to the one that
had been reached and approved by numerous scientists and agencies. As one
attorney with the Natural Resources Defense council (Jacquelin Warren) testi-
fied:

There are no new data to support the reversal, only a reinterpretation which has
been advocated by and is quite favorable to the interests of the formaldehyde in-
dustry. Those new assumptions, as we have heard, depart radically from accepted
principles of cancer risk assessment. They lack a sound scientific basis and leave the
public subject to cancer risks tha t . . . regulatory statutes were designed to protect
against. In our view, this has been an effort to get the Government off the back of
the formaldehyde industry. (Hearing, p. 188)

The usual peer review was absent in the reassessment they carried out, and
Todhunter denied that any such review was called for.13

Todhunter's defense reveals most clearly how policy may be masked as sci-
ence and why it might be expedient to hold a view of risk assessment that permits
such masking. Todhunter and his supporters urged the view that each of the
RAP options in the formaldehyde dispute was scientifically plausible and that
the choices made—in support of not triggering 4(f)—reflected not an implicit
bias in favor of an antiregulatory outcome (favorable to the Formaldehyde
Institute) but, rather, legitimate scientific disagreement. Consider the following
portion of an exchange between Robert Walker—who is defending Todhunter—
and Senator Gore:

Mr. Walker: .. . we cannot even come up with good enough science to de-
cide whether or not we ought to ban this substance, so I think
that there is plenty of room for some discussion about the
science involved in all of this and that there can be a variety
of interpretations about the science that is available.
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We have one scientist here who is disagreeing with other
scientists. That is entirely acceptable within the science com-
munity, or I did not realize that science was walking in lock
step on all of these things.

Mr. Gore: . . . Dr. Todhunter has stated . . . that the epidemiological evi-
dence indicates that there is no increased risk to human beings.
There is not really much of an argument about that. There are
two people who say that, Dr. Todhunter and the Formaldehyde
Institute. The rest of science takes a contrary view.

Reluctant to accept this, Walker continues:

Mr. Walker: . . . a study that the Du Pont Co. now has that indicates that
they would agree with Dr. Todhunter's assessment, so there
seems to be considerable disagreement within the scientific
community. . . . It seems to me that what we are into here is
the politics of science and whose decision base you are going
to use. (Hearing, pp. 137-38)

Walker, like the others defending Todhunter, is led in this last sentence to
claim that the choice of data and their interpretation are inevitably political.
(Only Todhunter, it seems, sticks to the position that his interpretation is free
of policy bias.) In the belief that such intermingling of science and policy is a
perversion of good science and of how science is supposed to operate at agencies
such as the EPA, the hearing and subsequent proposed reforms called for sep-
aration. As one scientist: (Roy Albert) testifying at the formaldehyde hearings
put it: "It is absolutely essential to the soundness of regulatory decisions that
their underlying scientific assessments of health risks be shielded from the po-
litical forces that operate at the level of the regulatory offices" (Hearing, p. 36).

The sociological view, we saw, rejects such an ideal of neutrality, which
assumes that science can be separated from policy. But in taking this rejection
as grounds for the various sociological positions outlined earlier, I shall argue
that the sociological view effectively strengthens arguments that could be and
were offered in defense of the Gorsuch EPA.

The Sociological View and the Defense of the
Gorsuch EPA

In the sociological view, one cannot hope to appeal to science to arbitrate
between the judgment of scientists claiming that the evidence warrants a 4(f)
ruling and those such as Todhunter (and representatives of industry) who claim
that it does not. For in this view, the conflict is inevitably an ad hoc attempt to
justify a previously held social policy: All views are biased. If it is true that the
acceptability of an interpretation of data leading to risk assessments largely
reflects policy values, then the main ground for criticizing an interpretation is
that it leads to policies deemed unfavorable, such as triggering 4(f). For example,
to offer a criticism of the original assessment that formaldehyde may pose a
significant harm on the grounds that a 4(f) designation would be economically
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undesirable (as lodged by the lobby for the Formadehyde Institute), becomes
as legitimate a criticism of the assessment as is an argument against its evidential
warrant. This view just endorses as inevitable the position that conflicts over
hazard assessments are largely conflicts over competing policy values. But if
disagreements over hazard assessments are primarily disagreements over policy
values, there would seem to be little justification for the allegations of a number
of scientists at the hearings that Todhunter's assessment was irresponsible or
incompetent on objective scientific grounds—for example, on grounds that it
misconstrues what the data say about the actual extent of cancer risk. Indeed,
the existence of objective grounds for criticism is what the sociological view
wishes to deny.

Unsurprisingly, but of interest to us, this was precisely the argument given
by those defending Todhunter's assessment against such allegations of incom-
petence and invalidity. The committee's minority member, Walker, expressed
vehement opposition to the hearings altogether because they were framed as
dealing with a scientific issue, whereas in his opinion "what we are dealing with
here is a regulatory issue" (Hearing, p. 73). If this automatically entails that
disagreements simply reflect differences in subjective policy values, one can
perhaps understand Walker's portraying the hearings as "an obvious result of
the efforts of a few disloyal and disgruntled employees of the EPA who" simply
because they disagree with the decision not to place formaldehyde under 4(f)
"feel justified in waging guerrilla warfare against the Agency and those in po-
sitions of authority" (Hearing, p. 4).

One of the few scientists who defended Todhunter's assessment against
charges of poor science, Sorell Schwartz, did so by denying that there was
anything scientific in the Todhunter memo. If it is not science, it cannot be poor
science. The exchange between him and the chairman of the subcommittee,
Senator Gore, is interesting:

Mr. Gore: Do you accept the scientific judgments in the Todhunter Feb-
ruary 10 memo? Do you think it is good science?

Dr. Schwartz: I have not read anything in the Todhunter memo—
Mr. Gore: Oh—
Dr. Schwartz: No, no. I have read the Todhunter memo. However, I have

never read anything in the Todhunter memo which to me
involves science. I think what Dr. Todhunter did was act as
a nonscientist, and that is to make a determination whether
the risk as presented by the data was significant enough to
be unacceptable under 4(f).

Mr. Gore: That is a little odd. He is the chief scientist responsible for
the EPA toxics program and the agency published this doc-
ument and released it to the public as the scientific justifi-
cation for the decision. It discusses scientific judgments
throughout. How can you say that it is written as a nonscien-
tist, as a nonscientific document? (Hearing, p. 239)

When pressed, Schwartz admitted to disagreeing with the memo's state-
ments on level of risk. He declared, for example, "I do not favor the idea
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that negative epidemiologic data signifies negative human effect." But he de-
fended the Todhunter memo on the grounds that it dealt with "not the level
of risk but the acceptability of that risk" (p. 239). However, Schwartz's de-
fense misconstrues 4(f). The 4(f) priority unambiguously states that it is not
about risk acceptability—which explicitly takes benefits into consideration
(Hearing, pp. 491, 773). Rather, it is to indicate only whether there may be
a reasonable basis for concluding that a substance presents a significant risk
of human harm. The few other defenses of the Todhunter memo were also
based on equating evidential issues with those of policy preferences. This
seems to illustrate the rather disturbing point of Roberts, Thomas, and
Dowling (1984): "Too many of the participants have good reasons not to
distinguish scientific evidence from policy preferences, not to analyze care-
fully the various sources of technical disagreement and not to accept respon-
sibility for some decisions or judgments" (p. 120).

The sociological view, we have seen, offers no ammunition with which to
fight the type of politicization of science characteristic of the Gorsuch EPA.
Unwittingly or not, it offers a basis for defending the status quo of that period.
Although it is unclear whether holders of the sociological view would take this
as a weakness of their view, it is clear that those proposing the new separatist
reforms were striving to alter the status quo and to help ensure that risk as-
sessment was free of political bias. Thus, if it turns out that separatist reforms
also permit politicization to go unchecked, the reforms will have failed to reach
their goal.

The new separatism recognizes that deciding which way to interpret data
involves policy, that is, RAP judgments. Thus it places such decisions under the
policy rubric. For example, after giving the scientific report of the positive rat
studies and the negative epidemiological studies in the formaldehyde case, the
RAP decision as to how to weigh them falls under policy. In this way, the
sociological view, based on a general challenge to scientific rationality, under-
mines both the importance of and the ability to discern the actual physical risks.
The new separatist reforms do the same, not by means of any general philo-
sophical arguments, but by allowing the RAP choices to be made by nonscientists
who can not or do not articulate the implications for protectiveness of the given
inference option. This is the basis for the metascientific criticism of the new
separatism.

The Metascientific (or Metastatistical) Approach

How would the metascientific approach deal with this case? The metascientific
view, we said, denies premise (P): It denies that the inability to divorce science
from policy entails the inability to adjudicate objectively among risk assessments.
The metascientist grants that the judgments required to reach risk assessments
may reflect policy values, conventions, and the like and that political interests
may be adduced to explain particular choices of RAP judgments (as the for-
maldehyde case clearly shows). Nevertheless, the metascientist holds that the
question whether a given risk assessment is warranted by the evidence is not a
matter of social and political values; it is a matter of what the risk actually is.
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One may hold, in other words, that what counts as "good science" in a given
context may in fact be negotiated, while still maintaining that whether evidence
and inferences based on that evidence are acceptable are not negotiable. Instead,
the acceptability of evidence is constrained by the extent to which it actually
warrants given risk inferences based on it. The question of whether a risk in-
ference is warranted is a question of how well it reflects what is really the case
about the causal effect of the risky substance or the practice in question. The
latitude in choosing RAP options does not preclude the objective scrutiny needed
to answer this question.

An analogy with a weighing instrument is useful. My interest in whether I
have gained as little as one-tenth pound may be a matter of my subjective values.
But whether a scale with a digital readout in whole pounds, say, is a good tool
for finding this out is not a matter of my subjective values. Given the scale
chosen, whether or not a gain is detected depends on how much I have actually
gained! And understanding the scale enables one to determine (at least ap-
proximately) what a given reading indicates about how much this is. Analo-
gously, a critical understanding of tools used for estimating risks enables an
understanding of the actual extent of risk that is or is not indicated by a given
piece of evidence. This in turn enables one to determine the protectiveness of
a given RAP judgment. It allows one to answer the question: According to the
standard being required, what extent of risk must be fairly clearly indicated
before it is taken to point to a significant human risk? Answering this question
requires critical metascientific tools. What sort of tools can accomplish this in
the case of formaldehyde?

My focus is on the RAP judgment in interpreting negative epidemiological
results. One of the main questions raised at the hearings was: Does a failure
to find a positive result (i.e., a statistically significant increase in risk) indicate
that there is little or no risk? Todhunter and the Formaldehyde Institute say
yes—that the negative epidemiological results are evidence that there is no
increased risk to human beings. Yet Todhunter's own epidemiologist on the
staff responsible for this work, wrote: "Before leaving [the EPA], I would
again like to emphasize that the available epidemiologic data from studies
on formaldehyde exposure are inconclusive and not supportive of no asso-
ciation, as purported by the Formaldehyde Institute" (Hearing, p. 137). What
is the nature of this dispute? Only by understanding the principles of the
statistical reasoning involved were the critics able to tell. What was pivotal
was understanding how to interpret negative statistical results, as will be
generally true in judicial (or other) reviews of decisions not to regulate or
prioritize. But lacking this understanding, the courts may be unable to decide
correctly between conflicting "expert" assessments. In order to rectify this
situation the metascientist urges that we clarify what the disagreement really
amounts to, that we go back and unearth what negative results do and do
not warrant. Even without seeking an algorithm for risk assessment in general,
understanding the implications of RAP judgments does admit systematization.
In our example, what is called for is a way to systematize the reasoning for
criticizing certain uses of statistical instruments (which unfortunately lend
themselves to uncritical use).
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Neyman-Pearson (NP) Tests

The type of statistical test standardly used in reaching risk assessments is the
Orthodox or Neyman-Pearson test (NP test). In the formaldehyde case, the
hypotheses tested are assertions about a parameter that I will call A, the increased
cancer risk in the population of humans. The NP test splits the possible parameter
values into two: one representing the test (or null) hypothesis H and the other
the set of alternative hypotheses /. The test hypothesis H in the formaldehyde
case asserts that formaldehyde does not cause an increase in a person's risk of
dying from cancer of a given type. That is, it asserts that there is a zero increase
in the risk rate: A = 0. The alternative hypotheses assert that formaldehyde
causes a positive increase: A > 0. Because we are looking for positive discrep-
ancies from zero, this is a one-sided test, which I call test T +:

TEST T+ : Test (null) hypothesis H asserts A = 0 (no
increased risk),14 and alternative hypothesis J asserts A
> 0 (a positive increased risk).

The test considers a test statistic that describes an aspect of the outcome of
interest. One statistic in testing formaldehyde is D, the difference in cancer rates
between the subjects exposed and those not exposed to formaldehyde:

TEST STATISTIC D: the difference in cancer rates
between the subjects exposed and those not exposed to
formaldehyde.

Corresponding to each observed difference, Z)obs, is its level of statistical sig-
nificance, defined as follows:

The statistical significance level of an observed differ-
ence, £>obs, is the probability that so large a difference
arises, assuming that the null hypothesis H is true;
Prob(Z> > Dobs, given that H is true).

A good way to see significance levels is as standard measures of distance from
H, except with this inversion: The larger (and more significant) the distance is,
the smaller its significance level will be.

An NP test consists of a rule that specifies, before the observation is
made, how statistically significant (i.e., how improbably far) an observed dif-
ference must be before it should be taken to reject //. The maximum signifi-
cance level chosen beyond which Dahs is taken to reject H is called the size
of the test and is denoted by a. Thus, test T+ with size a consists of the fol-
lowing rule:

TEST T+ (with size a): Reject H if, and only if, the
observed difference Dobs is statistically significant at
level a.

Observed differences that are not large enough to reach this preset size are taken
to accept H. These are negative results. In this way the test maps the possible
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Figure 12.1 Neyman-Pearson Test T+ as a mapping rule.

outcomes—the sample space—into either reject H (and accept /) or accept H,
The partitioning that results from the test is shown in Figure 12.1.

As long as there is variability in the effect (e.g., not all who are exposed
get cancer, and not all who get cancer are exposed) and as long as only a
sample from the population is observed, there is a chance that the test will
make an error. Two types of errors are considered: First, the test rejects H
(accepts /), even though H is true (a Type I error); second, the test accepts
H, even though H is false (a Type II error). A test with size a rejects H
when in fact H is true—that is, it commits a Type I error—with a probability
of no more than a. The smaller the test's size ot is, the less frequent the Type
I error will be. But by making a smaller, the test suffers an increase in the
frequency with which it accepts H, even when in fact H is false (and so
should be rejected)—that is, an increase in the frequency of a Type II error.
The probability of a Type II error is denoted by (3, and a and (3 are the test's
error probabilities.

Because these two error probabilities cannot be simultaneously mini-
mized, the NP model instructs one to first fix a, the size of the test, at some
small number, such as .05 or .01. (In other words, the test is specified so as
to ensure that it is very improbable for the test to reject H when the hypoth-
esis H is true.) One then seeks out the test that at the same time has a small
(5; thus, 1 — (3 is the corresponding power of the test. Because in our case,
alternative hypothesis / contains more than a single value of the parameter;
that is, it is composite, the value of (3 varies according to which alternative in
/ is assumed to be true. I shall refer to a specific simple alternative hypothe-
sis as A'.

When used as automatic procedures for rejecting or accepting substantive
hypotheses, NP tests result in common misinterpretations, such as automatically
equating rejections of H (statistically significant differences) with finding sub-
stantively important discrepancies from H, and automatically equating failures
to reject H with finding zero or unimportant discrepancies. To avoid misinter-
pretations we need a more critical understanding of the statistical results. My
focus will be on interpreting failures to reject //, that is, negative results, as that
was the main issue in the formaldehyde case. (For a discussion of how to interpret
positive results, see Mayo, 1988.)

SAMPLE SPACE PARAMETER SPACE
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How to Tell the Truth (About Negative Results)
with Metastatistics

Ideally, the policy question of what counts as a substantively important increase
in cancer risk is answered at the start, so that the test may be specified in order
to have appropriately high probabilities of detecting all and only those increases.
Substantively important increases in the formaldehyde case are those increases
in cancer risk deemed serious enough to trigger 4(f)—a policy judgment. How-
ever, regardless of how the test has been specified—whether based on policy or
other values—knowledge of the test's error probabilities, I claim, allows inter-
preting objectively what the data do and do not indicate about the increased
risk—that is, about A. The way in which they may be used to this end involves
reasoning that is both obvious and familiar.

It can be shown by the analogy with a weighing instrument. The null hy-
pothesis H may be that I have gained no weight since I weighed in last week,
say at 125 pounds. To test //, suppose I use this method: I weigh myself on a
digital readout scale that expresses weight in whole pound units, and reject H
only if a difference is registered. Suppose the result turns out to be the same
weight in pounds as last week (125). Am I warranted in concluding I have not
gained any weight, even as little say, as one-tenth pound? Because my method
had very little chance of detecting such a small increase, even if I had gained
it, this negative result would be poor grounds for thinking I had gained no more
than one-tenth pound. (My scale is too insensitive.) On the other hand, this
negative report is a good indication that I have not gained as much as a full
pound. For had I gained a pound, then it is likely that my scale would have
registered some gain. Moreover, my negative reading is an even better indication
that I have not gained as much as five pounds or more. A simple principle
emerges:

A failure to observe a difference in weight only indicates
that my actual weight gain is less than x if it is very
probable that the scale would have registered a larger
difference in weight, if in fact I have gained as much
as x pounds.

This leads to a precisely analogous metastatistical principle for interpreting a
negative statistical result, which 1 label rule (M):

RULE (M): A failure to observe a statistically signifi-
cant difference only indicates that the actual increase
is less than A' if it is very probable that the test would
have resulted in a more significant difference than was
observed, were the actual increase as large as A'.

To apply rule (M), we need a way to calculate the probability that a test T
would have resulted in a more significant difference than was observed, were
the actual increase as large as A'. Error probabilities allow such a calculation.
Let us call this probability the severity of the test (with a given result) against
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an alternative A'. Focusing on the test T+ in our formaldehyde example, this
becomes

The severity of (negative) result Dobs against an alter-
native A' equals the probability that T+ would have
resulted in a difference greater than Dob&, were the ac-
tual increase as large as A'.15

Rule (M) then becomes

RULE (M): A statistically msignificant result, £>obs,
only indicates that the actual increase is less than A' if
the severity of the result against A' is high.

It follows from (M) that failing to reject H does not rule out increases as large
as A' if there is a small probability of getting a more statistically significant result
even if the increased risk were as large as A'. For in that case, the severity
against A' is low.

Let us apply rule (M) to one of the negative results that Walker and others
cited in defense of the Todhunter interpretation (Hearing, pp. 137-38): the Du
Pont study. In a mortality study of Du Pont workers, the relative risk of dying
from cancer among those in the study exposed to formaldehyde was not statis-
tically significantly greater than among those not so exposed: The null hypothesis
H was not rejected.16 Du Pont concluded that "the data suggested that cancer
mortality rates in the company's formaldehyde exposed workers were no higher
than the rates among nonexposed workers" (Hearing, p. 284). They are infer-
ring, in other words, that the increased risk A equals zero. The error in such an
interpretation is that the failure to reject the null hypothesis of zero-increased
risk is not the same as having positive evidence that the increased risk is zero.
For such negative results may be common (i.e., probable) even if the underlying
increase in risk is greater than zero. In fact, the Du Pont study had a very small
chance of rejecting null hypothesis H even if the actual increase in risk had
exceeded zero by substantial amounts—that is, the severity against these alter-
natives is low. Hence, failing to reject H does not rule out these increases.

For example, the Du Pont study had only a 4 percent chance of rejecting H
even if there were a twofold increase in cancer of the pharynx or of the larynx
in those exposed to formaldehyde. Thus, failing to reject H does not rule out
twofold increases in these types of cancers. The situation was even worse with
nasal cancers and not much better with the others. This is indicated in the
following chart adapted from a review of the Du Pont study by the National
Institute for Occupational Safety and Health (NIOSH) (Hearing, p. 548):

Number of cases
Power to detect

odds ratio = 2*
Least significant

odds ratio detectable!

Lung

181

37%

2.9

Pharynx

7

4%

57.5

Larynx

8

4%

42.5

* Assumes ct = .05 (1 tail)
tAssumes a = .05 (I tail) and power (1 - f5) = .80
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Although I recommend interpreting tests by considering the severity function
rather than the usual NP power function, as used in this chart, this does not
alter our current point because high power entails high severity.17

Although failure to reject does not indicate that the increase is zero, it does
permit an inference about the likely upper bound of the unknown increase A.
That is, a failure to reject H provides a reason to say that the data provide good
grounds for asserting that the increased risk is no greater than such and such
(upper bound). To find plausible upper bounds requires determining the increase
(i.e., the value of A) against which the observed difference does have high
severity.18 The NIOSH chart serves this purpose (converting talk of risk ratios
into differences).

In the Du Pont study, the test had a fairly high probability (.8) of rejecting
H if the risk of lung cancer were three times higher among exposed than unex-
posed workers. Hence, a failure to reject H does indicate the increased risk of
lung cancer is not as high as threefold. The risk of cancer of the larynx would
have to be forty-two times higher among exposed than unexposed workers in
order for the test to have a fairly high probability (.8) of obtaining a statistically
significant difference (rejecting H). A failure to reject H, then, does indicate
that the actual increased risk is not as high as forty-two-fold. For cancer of the
pharynx, there would have to be a fifty-seven-fold increase in cancer risk before
the test could have a good chance of rejecting H. So, even ignoring some
methodological difficulties with the study, its negative statistical results at most
indicate that the various cancers are no more than three or forty-two or fifty-
seven times as likely among workers exposed to formaldehyde. They clearly do
not warrant the conclusion reached by Du Pont and others that the study supports
the claim of no increase in (relative) cancer risk among formaldehyde workers.
The study does not even support the claim of low increased risk, given what
Todhunter himself claimed the EPA counted as low.

Relevance to Assessing the Acceptability
of the Evidence

The main purpose of the formaldehyde hearing was not the policy question of
how high an increased risk may be before categorizing it as significant enough
to trigger 4(f). It was to decide whether the decision not to prioritize formal-
dehyde represented a shift in the principles being used to reach this categori-
zation. Doing so required understanding whether the evidence was acceptable
for the assessments reached. It is necessary to ascertain the implications for
protectiveness of the RAP judgments made. Metastatistical reasoning of the
sort in rule (M) is the basis for doing so.

Thus (M) may be used to ascertain the approximate bound that the negative
result warrants ruling out. This may be used to determine whether the standard
of protectiveness being employed is in accordance with what agencies or indi-
viduals deem tolerable. (M) also allows one to compare this calculated estimate
with the upper-bound risk associated with a different substance. If data on the
latter are found to indicate an increased risk no greater than the former, and
yet the latter leads to a different risk-management decision, then there are likely
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to be specific differences in policy values effectively operating in the two cases.
These indeed were found. For example, applying the reasoning embodied in
(M) showed that the epidemiological data could not rule out there being a risk
of cancer as great as or greater than 1 in 100,000. As one scientist (Warren)
testified:

By comparison, the Consumer Product Safety Commission banned urea formalde-
hyde foam insulation based on an estimated risk of fCT5 (one in fOO,000). That the
EPA would disparage as insufficient merely to justify a closer look at formaldehyde
[via 4(f)], risks others consider sufficient to warrant a ban is troubling indeed. (Hear-
ing, p. 198)

Because limited sensitivity (or severity) is common in epidemiological studies,
positive results are typically not thought to be required to indicate that a sub-
stance may pose a significant risk to humans,19 particularly when, as with form-
aldehyde, the substance is shown to cause cancer in rats and mice at doses
reasonably comparable to those to which people may be exposed. Using the
reasoning in rule (M), a number of scientists concluded: "The EPA decision on
formaldehyde may constitute an ad hoc revision of the principles for assessing
carcinogenic risk that have been widely accepted by the scientific community
for over a decade" (Hearing, p. 179).

Todhunter denies this alleged shift in the agency's policy values for managing
carcinogens. For example, Todhunter does not disagree with the general range
of risk that agencies have tended to deem of public concern. Nevertheless, he
claims formaldehyde does not meet the criteria of section 4(f) for the following
reasons: "There is a limited but suggestive epidemiological base which supports
the notion that any human problems with formaldehyde carcinogenicity may be
of low incidence or undetectable.. . . [The ranges of risks] are of from low priority
to no concern" (Hearing, p. 253). But even according to Todhunter's own inter-
pretation of this range, to interpret the (negative statistical) data as indicative
of a low incidence is, as rule (M) makes clear, to misinterpret it. Granted, the
increased hazard may be undetectable with the tests used, but to take that as
grounds against a 4(f) designation is to require positive epidemiological results
before even recommending that the EPA take a closer look at a substance—
which is a shift in the existing policy. Todhunter gives as the second reason for
the decision: "There is suggestive evidence that there may be human exposure
situations—which may not present carcinogenic risk which is of significance."
He is surely correct about this, as it is always true that "there may be human
exposure situations which may not present carcinogenic risk" of significance,
namely, a zero or extremely low exposure. Were one to take this reason seriously,
it seems one could always argue against a 4(f) designation. But this is to play a
logical trick on the 4(f) wording. For, as the statute clearly states, a reasonable
basis to conclude that exposure presents a significant risk is sufficient to trigger
4(f). Yet Todhunter's second reason is tantamount to construing the 4(f) des-
ignation as appropriate only if there is no exposure that does not present a
significant risk! Only then would it make sense to say that finding a single
exposure that does not present a risk is sufficient not to trigger 4(f). It is no
wonder that a number of scientists concluded—using considerations identified
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in rule (M)—that "in order to justify its failure to address formaldehyde under
4(f). .. EPA has rewritten both the science and the law" (Hearing, p. 195).

Because of the criticisms of the science underlying the EPA risk assessment,
in 1985 the EPA finally did place formaldehyde under the 4(f) category, and
the NAS-NRC report guidelines emphasized the importance of using power
considerations in interpreting negative results. Additional metastatistical rules
can be formulated for other types of RAP judgments. The appropriateness of
choosing different extrapolation models awaits further biological knowledge, but
here too, definite progress has been made, at least for carcinogenic assessments.
Despite this progress, it would be erroneous to suppose that we have gotten
past the sort of problems that arose in the formaldehyde episode. One thing is
certain: Progress in this direction will be hampered if nonseparatists of the
metascientific stripe continue to be confused with those of the sociological stripe.
For according to the latter view, such metascientific rules cannot help.

CONCLUSION

A major theme running through interdisciplinary discussions on risk is that risk
assessment cannot and should not be separated from societal and policy values.
However, under the banner of favoring nonseparatism are two radically different
views of risk assessment—something that the literature has not explicitly rec-
ognized. Typically, all such calls for nonseparation have been taken as evidence
for holding, to some degree, what I have termed the sociological view. The
untenability of strictly separating the science of assessment from the social and
policy values of risk management is typically taken as grounds for denying that
scientific methods can provide unbiased risk assessments or can adjudicate ob-
jectively between conflicting assessments—that is, for what 1 call the sociological
view. But to lump all nonseparatist positions under the sociological view, I have
argued, is a mistake. Other nonseparatists take a different position, which I
have called the metascientific view. In contrast with the sociological view, its
calls for nonseparation are accompanied by calls for greater scientific and meth-
odological understanding—albeit an understanding that allows for a critical or
metascientific scrutiny of the uncertainties involved. By implicitly holding the
overly stringent, old image conception of scientific objectivity—one that is pre-
cluded by the need to make uncertain judgments without algorithms—adherents
to the sociological view are led to deny the attainability or importance of ob-
jective assessments of physical risks. As such, what matters most is not whether
or not a view espouses separatism, but whether it adheres (implicitly or explicitly)
to the old image of science or, alternatively, sets the stage for a new or post-
positive image, in which metascientific scrutiny—not algorithms—can appraise
objectively the adequacy of risk assessments.

Our case study focused on a metascientific scrutiny of risk-assessment policy
(RAP) judgments as they arise in statistical tests of the existence of increases
in risk. According to the sociological view, statistical methods in the arena of
RAP judgments are tools for manipulation rather than instruments for an un-
biased adjudication of conflicting risk assessments. Conflicting risk assessments
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are seen as largely, if not solely, conflicts over policy values or over different
"ways of life." Ironically, this entails an extreme subjectivism or relativism that
undercuts the raison d'etre of the sociological view for many of its adherents:
to hold risk assessors and managers accountable to various societal values. As
the metascientific view stresses, only by means of a critical understanding of the
uncertainties underlying RAP judgments is it possible to distinguish adequately
what is warranted by the evidence and what is prejudged by policy values. Thus,
to exclude or downplay critical scientific scrutiny from this arena is to forfeit a
crucial tool for holding risk policymakers accountable to the degrees of protec-
tiveness deemed acceptable by society.

By concentrating on acceptable evidence—on the entry of values in collecting,
interpreting, communicating and evaluating the evidence of risks—this volume
attempts to avoid two extremes that have been barriers to progress in this area.
The first extreme supposes that issues of evidence of risk can and should be
separated from the values that necessarily are part of policies regarding risk
(i.e., risk management). The second extreme sees the untenability of such a
separation as implying that there is little objective or empirical basis on which
to criticize risk assessments—that is, in my terminology, the sociological view.
This chapter and, indeed, this volume show that both extremes share the same
consequence: Both thwart the goal of determining the acceptability of evidence.
We argue instead for a more constructive conclusion, that understanding the
interrelations of scientific with value issues enables a critical scrutiny of risk
assessments. With further constructive work in this direction, we may begin to
make progress in developing criteria for judging the acceptability of evidence
on which policy decisions are based.
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NOTES

1. It may also be used more narrowly to include only strictly quantitative risk
estimates.

2. For a good account of the practices of the EPA and other agencies during the
Reagan administration, see Lash, Gillman, and Sheridan (1984).

3. For an excellent delineation of these positions, see Shapere (1986).
4. They go on to give excellent criticisms of the arguments for social relativism and

social reductionism.
5. These are nonscientific, it should be kept in mind, in the traditional old image

of science.
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6. Many of these fifty-one or so components are straighforwardly statistical. If only
in order to ascertain the consequences of adopting one or another answer or choice, one
uses statistical considerations.

7. The NAS-NRC report had intended reforms far more amenable to the metas-
cientific view than what actually came to pass. For example, the report stresses:

The importance of distinguishing between risk assessment and risk management does
not imply that they should be isolated from each other; in practice they interact,
and communication in both directions is desirable and should not be disrupted,
(p. 6)

Although we conclude that the mixing of science and policy in risk assessment cannot
be eliminated, we believe that most of the intrusions of policy can be identified and
that a major contribution to the integrity of the risk assessment process would be
the development of a procedure to ensure that the judgments made in risk assess-
ments, and the underlying rationale for such judgments, be made explicit, (p. 49)

8. What is more, as Silbergeld notes (Chapter 5, this volume), it has led to such
sociological tactics as focusing on differences of opinions about risk rather than the original
disagreements, which are not about opinions but evidential uncertainties.

9. Some options, such as choosing to count positive animal studies as indicative of
human risks, will always be more protective than will requiring positive human results,
say. But the protectiveness of other options will depend on the substance being
considered.

10. Among those judging the CUT assessment valid were the National Toxicology
Program, the Mt. Sinai School of Medicine Environmental Cancer Information Unit,
and the International Agency for Research on Cancer (IARC). Ashford, Ryan, and
Caldart (1983) provide a good discussion in support of the validity of this assessment, in
contrast with an assessment by the Consumer Product and Safety Commission.

11. Section 4(f) provides that "Upon the receipt of—

(1) any test data required . . . or
(2) any other information available to the Administrator, which indicates to the
Administrator that there may be a reasonable basis to conclude that a chemical
substance or mixture presents or will present a significant risk of serious or widespread
harm to human beings from cancer, gene mutations, or birth defects, the Admin-
istrator shall, within the 180-day period beginning on the date of the receipt of such
data or information, initiate appropriate action . . . to prevent or reduce to a sufficient
extent such risk or publish in the Federal Register a finding that such risk is not
unreasonable. (Hearing, pp. 476-77)

An excellent discussion of the implications of and requirements under 4(f) occurs in the
Primer on 4(f), Hearing, pp. 475-523.

12. I have replaced the exponential notation in the original document with equivalent
fractions here. For documentation of this and several other of Todhunter's revisions, see
Hearing, pp. 349-65.

13. Todhunter claimed additional review was not needed because the data had been
well reviewed already by the many scientists who concurred with the original PRL-1.
The fact that his reassessment of these same data was now being used to support the
opposite policy on 4(f) did not seem to faze him.

14. The same test would be used were the null hypothesis to assert that A < 0.
15. That is, the severity of observed difference Dobs against the alternative hypothesis

that A = A' equals Prob (D 2 £>ohs, given that A = A'), for the given test T+.
16. In the Du Pont study, 481 cancer deaths among male employees between 1957
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and 1979 constituted the cases. These were matched on relevant factors with controls
who did not die of cancer. The statistic observed was the relative odds ratio, the ratio
of the odds of having been exposed to formaldehyde among cases and controls. For
simplicity, I refer here to the risk rather than the relative risk.

17. The difference between power and severity is that although severity is a function
of the particular observed difference Dobs, power is a function of the smallest difference
judged significant by a given test. Let D* be the smallest difference test T+ judges
significant (i.e., D* is the critical boundary shown in Figure 12.1 beyond which the result
is taken to reject H). Then, power is defined as follows:

The power of test T+ against alternative A = A' is equal to
the probability of a difference as large as D*, given that A =
A'.

Severity, in contrast, substitutes Z>obs for D*. The advantage of the severity function, I
claim, is that it affords an understanding that reflects the difference that has actually
been observed.

18. But how high, it might be asked, must the degree of severity be? We can get a
feel for the increase indicated by using benchmarks such as .8, .9, or .95. But by inter-
preting tests along the lines suggested in (M), the use of statistical tests should no longer
be a matter of prespecified error probabilities alone. Instead, we can understand what
the actual negative result £>ol)s indicates more or less well by calculating all (or several)
of the upper bounds for different degrees of severity. This would yield severity curves.
Although each upper bound of a given degree of severity is mathematically equivalent
to formulating the upper confidence bound at the corresponding level of confidence, the
difference is that not all values within the interval are treated equally. It most closely
corresponds to forming a series of upper confidence intervals, one for each confidence
level. For further discussion of this relationship, see Mayo (1985a). Poole (1987) uses
what are essentially severity curves in interpreting statistical results. Such curves are also
employed by Kempthorne and Folks (1971).

19. As the formaldehyde options report notes:

Generally, even the largest and most expertly performed epidemiological studies can
seldom detect increases in cancer risk of less that 10% (1 in 10). However, from the
public health standpoint, exposures to carcinogens may be considered problems if
they increase the risk of cancer by 1 case in 1000 exposed persons or less. (Hearing,
p. 763)

For a discussion of a study performed to document the problem of insufficiently powerful
tests, see Freiman et al. (1978).
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