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the 1980s (see Calabrese and Baldwin 2000). In contrast, the concepts of
"overcompensation" or "multiple-effects" hormesis appear to increase its
scientific legitimacy considerably. Each of these concepts characterizes
hormesis in terms of specific, plausible mechanistic phenomena (either
processes of overcompensation to toxins or multiple effects of a chemical
on different biological endpoints). Thus, they make it appear more likely
that hormesis is a legitimate phenomenon that deserves further research.
Nevertheless, It is not clear that these concepts, by themselves, strongly
support the significance of hormesis for public policy. For example, the
concept of overcompensation hormesis suggests that toxic chemicals pro-
duce beneficial low-dose effects for only a short time (during which the
overcompensation occurs), after which they could revert to neutral or
harmful effects. The eoncept of multiple-effects hormesis indicates that
hormetic effects may not be very generalizable from one chemical or
endpoint to another, because those effects depend on the unique potential
for particular chemicals to produce multiple effects on particular biolog-
ical systems.

In contrast with other concepts of hormesis, that of beneficial hormesis
does appear to draw attention to the potential policy significance of the
phenomenon. It suggests that toxic chemicals may produce beneficial ef-
fects for organisms when administered at sufficiently low doses (which
might seem to indicate that some regulations of toxic chemicals need to
be relaxed). Nevertheless, this concept also has the potential to create
confusion. It suggests that the new view about toxic chemicals is that they
may be beneficial at low doses, in contrast to the old view (which is that
they were harmful at low doses). But this dichotomy between old and
new views may gloss over the fact that a toxic chemical can produce a
beneficial effect on one endpoint over the short term while still having
harmful effects on the organism as a whole over the long term. Thus, less
normative concepts, such as U-shaped hormesis, might be preferable to
the concept of beneficial hormesis, because they might decrease the po-
tential for people to assume that hormetic etTects are beneficial for entire
organisms over extended periods of time.

This possibility for the concept of beneficial hormesis to frame debates
about hormesis in a manner that misleads the public is made even more
serious because of the potential for researchers to conflate different con-
cepts of the anomaly. For example, I have argued previously that Cala-
brese and Baldwin (1998) initially defended the generalizability of hor-
mesis by providing evidence for the occurrence of U-shaped hormesis
(Elliott 2000a). In the same publication (as well as in many other
publications by them and other authors), however, they shifted to the
concept of beneficial hormesis and suggested that their results encouraged
reevaluation of government risk-assessment policy based on the likely
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occurrence of beneficial effects produced by low doses of toxic chemicals.
They did not provide independent evidence, though, that opposite effects
on individual endpoints over the short term are genuinely beneficial for
the organism as a whole over the long term. Thus, Calabrese and Bald-
win's conflation of different concepts may increase the potential for policy
makers and members of the public to be confused about the likelihood
that toxic chemicals are producing genuinely beneficial effects at low doses.

4.2. Methodological Value Judgments. Account P can also contribute
to alleviating contemporary biological controversies over low-dose chem-
ical effects by highlighting the methodological value judgments that are
involved in choosing some characterizations of an anomaly rather than
others. In the case of hormesis, two value judgments appear to be par-
ticularly important. The first has already been introduced by the preceding
discussion of the beneficial hormesis concept and its framing effects. Re-
searchers have to decide whether the evidence that U-shaped hormesis
occurs provides adequate reason to think that beneficial hormesis also
occurs. Gerber et al. acknowledge that apparent beneficial effects on one
endpoint "might have the effect of altering an optimum resource allocation
among such functions as growth, maintenance, and reproduction. . . . A
higher level of performance in any one of these [as a result of a hormetic
effect] might be achieved at the expense of the other two [thus resulting
in negative effects for the organism as a whole]" (1999, 275). Nevertheless,
they make the methodological value judgment that Calabrese and Baldwin
have identified enough apparent instances of U-shaped hormesis on dif-
ferent endpoints to conclude that beneficial hormesis does occur (278).
Other researchers, such as University of Missouri biologist Fred vom Saal,
are very skeptical o^ the notion that U-shaped dose-response curves on
particular endpoints are likely to result in benefical effects for an organism
as a whole (see Kaiser 2003).

A second methodological judgment involves determining whether the
literature-study approach employed by Calabrese and Baldwin (1998) pro-
vides sufficient evidence to conclude that the hormesis anomaly constitutes
a widely generalizable phenomenon rather than an occasional set of anom-
alous data. On one hand, a number of researchers appear to think that
Calabrese and Baldwin have uncovered very convincing evidence for a
general phenomenon (e.g., Gerber et al. 1999). On the other hand, Jonas
(2001) represents the views of another group of scientists when he claims
that "Less than \% of over 20,000 studies reviewed [by Calabrese and
Baldwin] came close to true hypothesis testing of hormesis in experimental
settings. . . . The criteria for rigorous 'proof of hormesis will be different
than those the authors [i.e., Calabrese and Baldwin] have used simply to
'identify' hormesis [sic] may exist. In the former one would want to assure
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proper dose verification, randomization of samples, blinding of outcome
measures, proper statistical analysis, and full reporting of all data" (626-
627; see also Mayo and Spanos 2006J.

5. Conclusion. This paper argued that attention to a novel account of
scientific anomaly can contribute to the alleviation of biological contro-
versies concerning the low-dose effects of toxic chemicals. It developed a
new description of anomaly, called account P, that emphasizes how re-
searchers may employ multiple characterizations for a single anomaly.
These characterizations involve empirical and theoretical anomaly com-
ponents that vary in their "general" and "specific" types. The paper then
suggested how, in the case of the hormesis anomaly, attention to this
account can alleviate biological controversy. Account P encourages phi-
losophers of science to identify the framing effects of particular charac-
terizations and the methodological value judgments involved in employing
some characterizations over others. By doing so, they can highlight anom-
aly conceptualizations that are likely to exacerbate or mitigate controversy.
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