
Abstract
There has been no histori-

cally stable consensus about
the relationship between psy-
chological and biological con-
cepts and data. A naively re-
d u c t i o n i s t v i e w o f t h i s
relationship is prevalent in
psychology, medicine, and ba-
sic and clinical neuroscience.
This view undermines the abil-
ity of psychology and related
sciences to achieve their indi-
vidual and combined potential.
A nondualistic, nonreduction-
ist, noninteractive perspective
is recommended, with psycho-
logical and biological concepts
both having central, distinct
roles.
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With the Decade of the Brain
just ended, it is useful to consider
the impact that it has had on psy-
chological research and what
should come next. Impressive
progress occurred on many fronts,
including methodologies used to
understand the brain events asso-
ciated with psychological func-

tions. However, much controversy
remains about where biological
phenomena fit into psychological
science and vice versa. This contro-
versy is especially pronounced in
research on psychopathology, a
field in which ambitious claims on
behalf of narrowly conceived psy-
chological or biological factors of-
ten arise, but this fundamental is-
sue applies to the full range of
psychological research. Unfortu-
nately, the Decade of the Brain has
fostered a naively reductionist
view that sets biology and psychol-
ogy at odds and often casts psycho-
logical events as unimportant
epiphenomena. We and other re-
searchers have been developing a
proposal that rejects this view and
provides a different perspective on
the relationship between biology
and psychology.

A FAILURE OF
REDUCTIONISM

A term defined in one domain is
characterized as reduced to terms in
another domain (called the reduc-
tion science) when all meaning in
the former is captured in the latter.
The reduced term thus becomes

unnecessary. If, for example, the
meaning of the (traditionally psy-
chological) term “fear” is entirely
representable in language about a
brain region called the amygdala,
one does not need the (psychologi-
cal) term “fear,” or one can rede-
fine “fear” to refer merely to a par-
ticular biological phenomenon.

Impressive progress in the char-
acterization of neural circuits typi-
cally active in (psychologically
defined) fear does not justify
dismissing the concept or altering
the meaning of the term. The phe-
nomena that “fear” typically refers
to include a functional state (a way
of being or being prepared to act), a
cognitive processing bias, and a va-
riety of judgments and associations
all of which are conceived psycho-
logically (Miller & Kozak, 1993).
Because “fear” means more than a
given type of neural activity, the
concept of fear is not reducible to
neural activity. Researchers are
learning a great deal about the bi-
ology of fear—and the psychology
of fear—from studies of the
amygdala (e.g., Lang, Davis, &
Öhman, in press), but this does not
mean that fear is activity in the
amygdala. That is simply not the
meaning of the term. “Fear” is not
reducible to biology.

This logical fact is widely mis-
understood, as evidenced in
phrases such as “underlying brain
dysfunction” or “neurochemical
basis of psychopathology.” Most
remarkably, major portions of the
federal research establishment
have recently adopted a distinctly
nonmental notion of mental health,
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referring to “the biobehavioral fac-
tors which may underly [sic] mood
states” (National Institute of Men-
tal Health, 1999). Similarly, a plan
to reorganize grant review commit-
tees reflects “the context of the bio-
logical question that is being inves-
tigated” (National Institutes of
Health, 1999, p. 2). Mental health
researchers motivated by psycho-
logical or sociological questions ap-
parently should take their applica-
tions elsewhere.

More subtly problematic than
such naive reductionism are terms,
such as “biobehavioral marker” or
“neurocognitive measure,” that ap-
pear to cross the boundary be-
tween psychological and biological
domains. It is not at all apparent
what meaning the “bio” or “neuro”
prefix adds in these terms, as typi-
cally the data referred to are behav-
ioral. Under the political pressures
of the Decade of the Brain, psy-
chologists were tempted to repack-
age their phenomena to sound bio-
logical, but the relationship of
psychology and biology cannot be
addressed by confusing them.

WHOSE WORK IS MORE
FUNDAMENTAL?

Such phrases often appear in
contexts that assume that biologi-
cal phenomena are somehow more
fundamental than psychological
phenomena. Statements that psy-
chological events are nothing more
than brain events are clearly logical
errors (see the extensive analysis
by Marr, 1982). More cautious
statements, such as that psycho-
logical events “reflect” or “arise
from” brain events, are at best in-
complete in what they convey
about the relationship between
psychology and biology. It is not a
property of biological data that
they “underlie” psychological data.
A given theory may explicitly pro-
pose such a relationship, but it

must be treated as a proposal, not
as a fact about the data. Biological
data provide valuable information
that may not be obtainable with
self-report or overt behavioral
measures, but biological informa-
tion is not inherently more funda-
mental, more accurate, more repre-
sentative, or even more objective.

The converse problem also
arises—psychology allegedly “un-
derlying” or being more funda-
mental than biology. There is a
long tradition of ignoring biologi-
cal phenomena in clinical psychol-
ogy. As Zuckerman (1999) noted,
“One thing that both behavioral
and post-Freudian psychoanalytic
theories had in common was the
conviction that learning and life ex-
periences alone could account for
all disorders” (p. 413). In those tra-
ditions, it is psychology that “un-
derlies” biology, not the converse.
Biology is seen as merely the
implementation of psychology,
and psychology is where the intel-
lectually interesting action is. Cog-
nitive theory can thus evolve with-
out the discipline of biological
plausibility. As suggested at the
midpoint of the Decade of the
Brain (Miller, 1995), such a view
would justify a Decade of Cogni-
tion.

Such a one-sided emphasis
would once again be misguided.
Anderson and Scott (1999) ex-
pressed concern that “the majority
of research in the health sciences
occurs within a single level of
analysis, closely tied to specific dis-
ciplines” (p. 5), with most psy-
chologists studying phenomena
only in terms of behavior. We ad-
vocate not that every study employ
both psychological and biological
methods, but that researchers not
ignore or dismiss relevant litera-
tures, particularly in the conceptu-
alization of their research.

Psychological and biological ap-
proaches offer distinct types of
data of potentially equal relevance
for understanding psychological

phenomena. For example, we use
magnetoencephalography (MEG)
recordings of the magnetic fields
generated by neural activity to
identify multiple areas of brain tis-
sue that are generating what is
typically measured electrically at
the scalp (via electroencephalogra-
phy, or EEG) as the response of the
brain associated with cognitive
tasks (Cañive, Edgar, Miller, &
Weisend, 1999). One of the most
firmly established biological find-
ings in schizophrenia is a smaller
than normal brain response called
the P300 component (Ford, 1999),
and there is considerable consen-
sus on the functional significance
of P300 in the psychological do-
main. There is, however, no con-
sensus on what neural generators
produce the electrical activity or on
what distinct functions those gen-
erators serve. Neural sources are
often difficult to identify with con-
fidence from EEG alone, whereas
for biophysical reasons MEG
(which shows brain function)
coupled with structural magnetic
resonance data (which show brain
anatomy) promises localization as
good as any other available nonin-
vasive method. If researchers un-
derstand the distinct functional sig-
n i f i cance of var ious neura l
generators of P300, and if only
some generators are compromised
in schizophrenia, this will be infor-
mative about the nature of cogni-
tive deficits in schizophrenia. Con-
versely, what researchers know
about cognitive deficits will be in-
formative about the function of the
different generators.

MEG and EEG do not “under-
lie” and are not the “basis” of
(the psychological phenomena that
define) the functions or mental
operations invoked in tasks associ-
ated with the P300 response. Neu-
ral generators implement func-
tions, but functions do not have
locations (Fodor, 1968). For ex-
ample, a working memory deficit
in schizophrenia could not be lo-
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cated in a specific brain region. The
psychological and the neuromag-
netic are not simply different “lev-
els” of analysis, except in a very
loose (and unhelpful) metaphorical
sense. Neither underlies the other,
neither is more fundamental, and
neither explains away the other.
There are simply two domains of
data, and each can help to explicate
the other because of the relation-
ships theories propose.

Psychophysiological research
provides many other examples in
which the notion of “underlying”
is unhelpful. Rather than attribut-
ing mood changes to activity in
specific brain regions, why not at-
tribute changes in brain activity to
changes in mood? In light of EEG
(Deldin, Keller, Gergen, & Miller,
2000) or behavioral (Keller et al.,
2000) data on regional brain activ-
ity in depression, are people de-
pressed because of low activity in
left frontal areas of the brain, or do
they have low activity in these ar-
eas because they are depressed?
Under the present view, such a
question, trying to establish causal
relations between psychology and
biology, is misguided. These are
not empirical issues but logical and
theoretical issues. They turn on the
kind of relationship that psycho-
logical and biological concepts are
proposed to have.

CLINICAL IMPLICATIONS

In psychopathology, one of the
most unfortunate consequences of
the naive competition between
psychology and biology is the as-
sumption that dysfunctions con-
ceptualized biologically require
biological interventions and that
those conceptualized psychologi-
cally require psychological inter-
ventions. The best way to alter one
system may be a direct interven-
tion in another system. Even, for
example, if the chemistry of cate-

cholamines (chemicals used for
communication to nerve, muscle,
and other cells) were the best place
to intervene in schizophrenia, it
does not follow that a direct bio-
logical intervention in that system
would be optimal. A variety of ex-
periences that people construe as
psychosocial prompt their adrenal
glands to flood them with catechol-
amines. There are psychological in-
terventions associated with this
chemistry that can work more ef-
fectively or with fewer side effects
than medications aimed directly at
the chemistry.

Unfortunately, the assumption
that disorders construed biologi-
cally warrant exclusively biological
interventions influences not only
theories of psychopathology but
also available treatments. For ex-
ample, major depression is increas-
ingly viewed as a “chemical imbal-
ance.” If such (psychological)
disorders are assumed to “be” bio-
logical, then medical insurers are
more likely to fund only biological
treatments. Yet Thase et al. (1997)
found that medication and psycho-
therapy were equally effective in
treating moderately depressed pa-
tients and that the combination of
these treatments was more effec-
tive than either alone in treating
more severely depressed patients.
Hollon (1995) discussed how nega-
tive life events may alter biological
factors that increase risk for de-
pression. Meany (1998) explained
how the psychological environ-
ment can affect gene activity. The
indefensible conceptualization of
depression solely as a biological
disorder prompts inappropriately
narrow (biological) interventions.
Thus, treatment as well as theory is
hampered by naive reductionism.

WHAT TO DO?

“Underlying” (implying one is
more fundamental than the other)

is not a satisfactory way to charac-
terize the relationship between bio-
logical and psychological concepts.
We recommend characterizing the
biological as “implementing” the
psychology—that is, we see cogni-
tion and emotion as implemented
in neural systems. Fodor (1968) dis-
tinguished between contingent and
necessary identity in the relation-
ship between psychological and
biological phenomena. A person in
any given psychological state is
momentarily in some biological
state as well: There is a contingent
identity between the psychological
and the biological at that moment.
The psychological phenomenon
implemented in a given neural cir-
cuit is not the same as, is not ac-
counted for by, and is not reducible
to that circuit. There is an indefinite
set of potential neural implementa-
tions of a given psychological phe-
nomenon. Conversely, a given neu-
ral circuit might implement
different psychological functions at
different times or in different indi-
viduals. Thus, there is no necessary
identity between psychological
states and brain states. Distinct
psychological and biological theo-
ries are needed to explain their re-
spective domains, and additional
theoretical work is needed to relate
them.

Nor is it viable (though it is com-
mon) to say that psychological and
biological phenomena “interact.”
Such a claim begs the question of
how they interact and even what it
means to interact. The concept of
the experience of “red” does not
“interact” with the concept of pho-
ton-driven chemical changes in the
retina and their neural sequelae.
One may propose that those neural
sequelae implement the perceptual
experience of “red,” but “red”
means not the neural sequelae, but
something psychological—a per-
ception.

Biology and psychology often
are set up as competitors for public
mind-share, research funding, and
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scientific legitimacy. We are not ar-
guing for a psychological explana-
tion of cognition and emotion in-
stead of a biological explanation.
Rather, we are arguing against
framing biology and psychology in
a way that forces a choice between
those kinds of explanations. The
hyperbiological bias ascendant at
the end of the 20th century was no
wiser and no more fruitful than the
hyperpsychological bias of the be-
haviorist movement earlier in the
20th century. Scientists can avoid
turf battles by approaching the re-
lationship between the psychologi-
cal and the biological as fundamen-
tally theoretical, not empirical.
Working out the biology will not
make psychology obsolete, any
more than behaviorism rendered
biology obsolete. Scientists can
avoid dualism by avoiding interac-
tionism (having two distinct do-
mains in a position to interact im-
plies separate realities, hence
dualism). Psychological and bio-
logical domains can be viewed as
logically distinct but not physically
distinct, and hence neither dualistic
nor interacting. Psychological and
biological concepts are not merely
different terms for the same phe-
nomena (and thus not reducible in
either direction), and psychological
and biological explanations are not
explanations of the same things. If
one views brain tissue as imple-
menting psychological functions,
the expertise of cognitive science is
needed to characterize those func-
tions, and the expertise of neuro-
science is needed to study their
implementation. Each of those dis-
ciplines will benefit greatly from
the other, but neither encompasses,
reduces, or underlies the other.

Fundamentally psychological
concepts require fundamentally
psychological explanations. Stories
about biological phenomena can
richly inform, but not supplant,
those explanations. Yet when psy-
chological events unfold, they are
implemented in biology, and those

implementations are extremely im-
portant to study as well. For ex-
ample, rather than merely pursu-
ing, in quite separate literatures,
anomalies in either expressed emo-
tion or biochemistry, research on
schizophrenia should investigate
biological mechanisms involved in
expressed-emotion phenomena.
Similarly, the largely separate lit-
eratures on biological and psycho-
social mechanisms in emotion
should give way to conceptual and
methodological collaboration. Re-
search in the next few decades will
need not only the improving spa-
tial resolution of newer brain-
imaging technologies and the high
temporal resolution of established
brain-imaging technologies, but
also the advancing cognitive reso-
lution of the best psychological sci-
ence.

Recommended Reading

Anderson, N.B., & Scott, P.A. (1999).
(See References)

Cacioppo, J.T., & Berntson, G.G.
(1992). Social psychological con-
tributions to the Decade of the
Brain. American Psychologist, 47,
1019–1028.

Kosslyn, S.M., & Koenig, O. (1992).
Wet mind: The new cognitive neuro-
science. New York: Free Press.

Miller, G.A. (1996). Presidential ad-
dress: How we think about cog-
nition, emotion, and biology in
psychopathology. Psychophysiolo-
gy, 33, 615–628.

Ross, C.A., & Pam, A. (1995). Pseu-
doscience in biological psychiatry:
Blaming the body. New York:
Wiley.

Acknowledgments—The authors’ work
has been supported in part by National
Institute of Mental Health Grants R01
MH39628, F31 MH11758, and T32
MH19554; by the Department of Psychia-
try of Provena Covenant Medical Center;
and by the Research Board, the Beckman
Institute, and the Departments of Psy-
chology and Psychiatry of the University
of Illinois at Urbana-Champaign. The au-
thors appreciate the comments of How-
ard Berenbaum, Patricia Deldin, Wendy
Heller, Karen Rudolph, Judith Ford,
Michael Kozak, Sumie Okazaki, and Rob-
ert Simons on an earlier draft.

Note

1. Address correspondence to Greg-
ory A. Miller, Departments of Psychol-
ogy and Psychiatry, University of Illi-
nois, 603 E. Daniel St., Champaign, IL
61820; e-mail: gamiller@uiuc.edu.

References

Anderson, N.B., & Scott, P.A. (1999). Making the
case for psychophysiology during the era of
molecular biology. Psychophysiology, 36, 1–14.
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