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I

The turn of the millennium excites the full gamut of human emotions, from
the panic, fear, or resignation with the imminent end of the world, to the hopes
and joys of a new beginning. As true heirs of Pythagoras, we often wrap our
number system in mysticism and then take the alignment of ones, tens, or
hundreds as deeply meaningful events. For scientists, the spell of the new
millennium is none the less real, but its expression is likely to be more
sublimated—it may take the form of reassessing the past in order to shape and
predict the future.

William R. Uttal’s new book, Toward A New Behaviorism: The Case Against
Perceptual Reductionism, is not about decimal numbers, although the role of
mathematics in psychology is part of its content; nor is it about Pythagorean
philosophy, although strong philosophical arguments permeate the book; and, its
title notwithstanding, it is also not exclusively about perception. Rather, it is an
end-of-millennium book. It surveys the field of psychology, identifies historical
trends, analyzes the logical, methodological, and theoretical shortcomings of some
recent (and not so recent) claims, and proposes a novel approach to circumvent
these shortcomings during the next millennium.

The book’s central theme is what the author calls ontological reductionism,
the attempt to explain the phenomena at one level by concepts and principles
from another, more microscopic, level. In other words, an ontological
reductionistic approach uses a more basic theory to explain the phenomena
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described by a more general theory. Thus, if one states that “face recognition is the
same thing as the response of a neuron (or a group or neurons) at some place in
the nervous system and can be explained in terms of neuronal responses” (p. 12),
then one is engaged in ontological reductionism.

Ontological reductionism comes in multiple flavors and Uttal addresses three
of them. The first, mathematical reductionism, claims that brain mechanisms can
be described accurately by mathematical models based on input-output relations.
The second, neuroreductionism, claims that neural structures and mechanisms can
explain complex molar behavior and assumes that neurophysiological and
psychophysical data sets can be linked in a straightforward way. The third,
cognitive reductionism, claims that cognitive psychology can grasp the
architecture of the mind, its organizational principles and its computational rules.
As Uttal puts it, reductionism is expressed in “our science’s efforts to explain
perceptual (and other mental functions) in the terms of either internal cognitive
mechanisms, formal models, or the neural structures from which the brain, the
organ of the mind, is constructed” (p. 9).

According to Uttal, the current popularity of ontological reductionism stems
from a variety of sources. First, scientists have a natural propensity to replace the
molar and complex by the molecular and simpler, the “intangible” psychological
by the “tangible” neural. Second, reductionism is reinforced by current social
practices, for nowadays it is useful “to cloak perceptual science in a biological-
cum-medical garb for grants, fame, and name” (p. 21). Third, we have witnessed
some successes at reducing simple perceptual experiences to properties and
mechanisms of the nervous system (e.g., dark adaptation, Mach bands, color
sensitivity), and these successes seem to confirm the fruitfulness of the reductionist
approach. Fourth, the materialistic worldview espoused by most scientists
conceives of the mental, if it exists at all, as neural functioning or a product of
neural functioning.

Intrinsic urges, socioeconomic pressures, a few successes, and a sympathetic
zeitgeist combine to make the appeal of reductionism almost irresistible. And yet,
resist is what we should do according to Uttal, for reductionism distorts the
significance of our science’s findings, inflates its accomplishments, and creates the
illusion that we have achieved more progress than we effectively have.1 “Let us
bring our current approach to perceptual science out of a world of weak

                                                
1 Uttal compares this illusion to that which characterized large sectors of the medical profession
during the 1950’s, namely, the belief that psychosurgery in general, and prefrontal lobotomy in
particular, were effective, scientifically tested treatments for a variety of mental disorders (see
Valenstein, 1986). The spirit of Uttal’s book is also very much like that of Valenstein’s (1998).
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correlations, buckling conceptual bridges, fantastic extrapolations, unreplicated
findings, and flawed assumptions. . . . Only by achieving a level of true, if limited,
understanding can we avoid the historical tendency to change our fundamental
interpretations of our science every couple of decades or so” (pp. xiv-xv).

The arguments against mathematical, neural, and cognitive reductionism
constitute the bulk of the book, which then closes with an unexpected proposal to
solve the problems created by reductionism and correct the mirages and illusions
of contemporary psychology: “It is necessary that we return to a perceptual science
that is mathematically descriptive, nonreductionist, holist, rationalist, and
mentalist. (. . .) If one puts this all together, one comes up with a new way to look
at an old friend, nothing other than a new version of an operational and
nonreductionist behaviorism” (p. xvi).

In what follows, I present Uttal’s main arguments against reductionism
(sections II, III, and IV), then summarize the major tenets of his new brand of
behaviorism (section V), and finally comment critically on his arguments and
proposals (sections VI, VII, and VIII).

II

The criticism against mathematical reductionism is concentrated in the
second chapter of the book, with title “Barriers Between Theories and
Mechanisms.” Uttal’s main point—here and throughout the book—is that from
the observation of how stimulus and response variables are related nothing can be
said with a minimum of certainty about the underlying neural mechanisms,
particularly if we focus on relatively complex performance. On the other hand,
when we open the black box we face such a bewildering complexity that, for all
practical purposes, the box is effectively closed. Uttal offers three reasons for this
conclusion. First he reminds us of the incredibly large number of cells that
compose the brain tissue (≈1010), and of the even larger number of
interconnections among them. To describe the brain in terms of the properties of
individual neurons or small groups of neurons seems to be an impossible task. To
circumvent the numerousness obstacle researchers take advantage of some
“simplifying” factors such as the uniformity of neuronal firing, or the anatomical
and functional differentiations of the brain. They also try to abstract the molar
properties of neural networks and move from the high density of their
intertwinings to the lower density of neural centers and their interconnections.
But enormous difficulties remain. For example, the visual system alone seems to
be composed of some 30-odd centers connected by some 300-odd tracts; the
interactions between two or more centers is typically nonlinear, and the tracts are
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often bidirectional. The system of equations describing the neural interactions
among the centers, even if available, would be quite unmanageable.

According to Uttal the numerousness and complexity obstacles may
constitute an insurmountable barrier for yet another, and perhaps more cogent,
reason: “A general analysis of the brain at the level of networks of individual
neurons is algorithmically unlikely because of its enormous complexity and
numerousness. Nevertheless, if we were to ask, what is the critical level of
information interaction, the level at which cognition is most likely encoded?, the
answer would most likely have to be phrased in the terminology of this intractable
network of these wonderful cells” (p. 40). In other words, to move away from the
dense interconnections of neural networks toward the more rarified neural centers
and pathways may well reduce the combinatorial problem but only by letting the
very phenomena escape our hands.

A second obstacle to mathematical reductionism is, according to Uttal, a
consequence of Moore’s theorem on finite state machines. To understand the
theorem, consider first a simplified coke machine. Its acceptable inputs are nickels,
dimes, or quarters, and its outputs consist of three actions, “Keep the coin and
deliver a coke,” “Keep the coin but do not deliver a coke,” and “Do not keep the
coin,” which we represent by +1, 0, and -1, respectively. The inputs change the
internal state of the machine, and the changes in the internal state are
accompanied by one output. The matrix below shows the state transitions
produced by the input coins; the matrix on the following page shows the output
produced by the allowed state transitions (I have assumed that the machine sells
each coke for 25 cents and accepts only exact change).

State transition matrix

Staten

S0 S1 S2 S3 S4

Nickel S1 S2 S3 S4 S0

Input Dime S2 S3 S4 S0 S4

Quarter S0 S1 S2 S3 S4
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Output matrix

Staten+1

S0 S1 S2 S3 S4

S0 +1 0 0

S1 -1 0 0

Staten S2 -1 0 0

S3 +1 -1 0

S4 +1 -1

The preceding example illustrates a simple finite state machine. More
generally, a finite state machine is characterized by its input and output sets, I and
O, respectively, a set of internal states, S, and two functions, a state transition
function f : I × S → S and an output function g : S × S → O.

Working on automata theory, Moore has shown that from a history of input-
output relations one cannot uniquely determine the class to which a finite state
machine belongs because other machines exist that, although experimentally
distinguishable, generate the same relations. In the example above, the study of
the sequence of coins we introduce and the corresponding sequence of actions
taken by the machine could not uniquely determine the internal organization of
the machine (i.e., the two matrices) because it is always possible to advance other
organizations that reproduce the same input-output relations.

Uttal believes that the brain satisfies the conditions required to apply Moore’s
theorem (i.e., the brain is a finite state machine) and concludes from the theorem
that no psychological experiment can ever say anything definitive about the
internal workings of the mind or nervous system. Hence models based on
functional relations between stimuli and responses, be they mathematical,
computational, connectionist, or otherwise, should not be conceived as
descriptions of internal mechanisms: “No formal model of any cognitive process is
verifiable and validatable, or even testable with regard to internal mechanisms” (p.
66). A fortiori, formal models based on stimulus-response studies do not reduce,
but simply describe functional relations.
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A third obstacle to mathematical reductionism is provided by the second
principle of thermodynamics and by chaos theory. The author’s arguments are
somewhat confusing, but the idea seems to be that to try to explain a mental
process with a modicum of complexity by its neural basis may be like trying to
unscramble an egg. The information bridge connecting the mental experience to
its neural equivalents may be irretrievably lost during the very occurrence of the
process. Along similar lines, Uttal argues from the standpoint of chaos theory that
the difficulties are not eliminated when the black box is opened and directly
inspected. For although the behavior of individual neurons or small groups of
neurons may accord to simple laws, the behavior of the networks that subsume
mental experiences may be unpredictable, chaotic, random-like, and hence
irreducible. This much is suggested when we view the brain as a nonlinear system
composed of a vast number of highly interconnected components—local
interactions and uncertainties snowball to such extent that information, once
available in both time and space, is now and forever lost. Unpredictable and
irreducible to its elements, neural networks may also be time irreversible in the
sense that even with complete knowledge of its current state we could not
reconstruct its history.

Numerousness, combinatorial explosion, Moore’s theorem, entropy,
nonlinearity and chaos are not just obstacles that can be transposed given enough
time and technological progress. For Uttal, they form an insurmountable barrier:

The complexity of that web is so great that it is impossible in both a practical
sense and in principle (due to the limits on analyzibility imposed by
thermodynamics, numerousness, and chaos), to unravel it. That is, the simple
facts of the huge numbers of involved neurons and computational complexity
will forever prohibit us from understanding how central neural processes
become perceptual experience. (p. 3)

It is the ensemble of details [of neural interaction] that leads from brain to
mind. The molar measures lose the details, whereas the cumulative study of the
details is prohibitive because there are so many of them. In a nutshell, this may
be the reason why a true (as opposed to a superficial) neuroreductionism is not
possible. (p. 58)

The preceding analyses lead Uttal to propose an ontological monism but an
epistemological dualism. Repeatedly the author states that “the mind and all of its
accoutrements are nothing more nor nothing less than the processes of the
material brain” (p. xvii), but the aforementioned barriers effectively prevent us
from linking in our theories mind and behavior to brain. Therefore, according to
Uttal we need to espouse dual theories and reconsider the role of formal models in
psychology and what they can realistically accomplish. Formal models are
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certainly better than prequantitative, verbal, and imprecise models. They are
sources of new hypotheses and, by abstracting the major properties of phenomena,
they help organize our empirical findings, sharpen our language, and simplify our
pictures of the world. But formal models are neutral regarding internal
mechanisms; they are analogies, not homologies, of the workings of the brain.
Parenthetically, this distinction partly explains why models based on vastly
different assumptions about internal mechanisms often predict the same
behavioral outcome. That is to say, substantive differences in the assumptions
about the brain often seem to make no difference! Neuralese is a fashionable but
often dispensable garment, for it changes more the appearance of models than
their substance.

III

In the third and longest chapter of the book, titled “The Case Against
Neuroreductionism,” Uttal claims that the central question in neuroreductionism
is not whether the brain is “responsible” [sic] for the mind, nor even where in the
brain some mental function takes place, but “whether or not the details of [the
brain-mind] association can be unraveled, explained, and understood in a way that
transcends simple metaphors, analogies, or even scientific puns” (p. 80). The
question, in other words, is how the microscopic interactions among the neural
components constitute what Uttal calls the psychoneural equivalent.

Having concluded that the barriers identified in the preceding chapter bar us
from effectively building the methodological and theoretical bridges between
psychological and neurophysiological laboratories, Uttal attempts to show that
studies which claim otherwise are either conceptually flawed or based on fragile
data. To that end, he selected five studies on the grounds that they “exemplify
some of the best of their genre. They are examples of high-quality research that
has had a noticeable impact in our collective search for reductionistic bridges
between psychophysical and neurophysiological findings” (p. 80). The studies
address a variety of issues—illusory contours, low versus high level visual
processing, occluded objects, receptive versus perceptive fields, and imagery and
perception. After analyzing their hypotheses, methods, results, and
interpretations, Uttal concludes that their authors incurred major conceptual
confusions, failed to appreciate the true nature of parallel processing, biased the
selection of neural data, overestimated the significance of their findings, and even
engaged in neuromythology. I will not review Uttal’s specific objections to each
study, although I believe that there is much of interest to psychologists and
neuroscientists in the technical details of his objections. Instead, I will identify the



MACHADO

58

major arguments that Uttal advances against the five studies, for these arguments,
or rather the themes that inform them, are the heart of his attack on
neuroreductionism.

A common theme identified by Uttal is that when a researcher finds a
correlation between the responses of a neuron and variation in some stimulus
attribute, he is tempted to conclude that the neuron in question encodes the
stimulus attribute. Not far ahead is the stronger conclusion that the firing activity
of the neuron is the neural equivalent of one’s experience, or that mental functions
are reducible to relatively peripheral, low-level neural mechanisms such as those
that take place in the visual pathway from the retina to the early cortical regions.
Contour illusions, for example, may be due to the firing of some V2 neurons.
According to Uttal, the logic of this argument is flawed because it confuses the
transmission function with the encoding function of neurons, the covariations of
neuronal responses with a stimulus that have no subsequent perceptual effect with
covariations that do have subsequent effects. “This,” says Uttal, “is the crux of the
misinterpretation of a considerable amount of thought about the problem of the
relationship between neural activity and perceptual experience” (p. 116).

Moreover, the argument also privileges without principled justification one
specific neuron at one specific level of neural processing. The major reason for
thinking that single neurons may actually be the loci where transmitted signals
become the mental experiences is “the environment driving so much of our data—
the single point in space explored at the tip of the microelectrode” (p. 87).
Oblivious to the effects of their own technology, to the fact that the fish caught
with a net may tell us more about the size of its mesh than about the variety of
fish in the ocean, some researchers have ignored that a tremendous number of
neurons is activated by any stimulus, no matter how trivial that stimulus may be.
Hence, according to Uttal, “the probability of finding something, somewhere, that
correlates with the perceptual experience approaches unity. . . . This raises the
question of false associations between percepts and neuronal responses, which is
rarely, if ever, considered in the postulation of the ‘linking’ theories, modules, and
explanations” (p. 112).

For example, opponent color codes are used by some neurons early in the
visual pathway, but from this fact it does not follow that neural activities relevant
to our experience of color do not exist at other levels of the pathway including the
receptors. Uttal comments: “What is most disturbing is that the neuroreductionist
approach of comparing selected psychophysical data to selected neurophysiological
findings continues to be extremely popular. This is so in spite of the fact that such
comparisons are often flawed by an almost ad hoc selection of both the relevant
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phenomena and neural structures” (p. 99). And about neurons in the primate
cortex that are seemingly tuned to faces and hands, Uttal remarks “I believe,
however, that these exciting, charming, and dramatic findings are among the most
misleading set of scientific data presented in recent years” (p. 125). In fact, studies
in which the stimulus was simplified by breaking it down into progressively more
abstract caricatures showed that the cortical neurons were sensitive to generalized
geometrical shapes, a white square with a pair of superposed black rectangles, for
example, or to parts of the original complex configuration, the lips instead of the
entire face. Hence, for Uttal these neurons are not “tiger’s head,” “hand,” or “face”
sensitive neurons, but simply neurons that have a somewhat more complicated,
but still broadly tuned, geometrical sensitivity than the simple, complex, and
hypercomplex cells discovered by Hubel and Wiesel.

Some studies also seem to invent the implausible, as when they claim that
feedback from high level regions of the cortex on lower level regions (e.g., V1 or
V2 neurons) plays a central role in imagery. Somehow, the argument goes, the
centrifugal activation of retinotopically mapped mechanisms is the basis of mental
images. Uttal comments: “This is an extraordinary and highly unusual suggestion.
It suggests that we are able to unscramble high-level symbolic codes back to the
retinotopic images that generated them. Although going from a isomorphic or
retinotopic map to a symbolic (i.e., heavily encoded and transformed)
representation seems plausible, going from symbol to map is highly implausible
and probably a violation of the principles of chaos and thermodynamics” (p. 92).

In his epistemological dualism, the relation between neuroscience and
psychology is one of conceptual cross-fertilization, not of the reduction of the
latter to the former. More generally, Uttal suggests that the whole
neuroreductionist enterprise be rejected and replaced by a more realistic and
plausible operational, positivist, behavioral approach.

IV

The fourth chapter presents “The Case Against Cognitive Reductionism.”
Cognitive reductionism is characterized by the attempt to explain the molar
phenomena of the mind in terms of molecular processes. To understand the whole
we need to break it into its component parts, analyze the parts separately and
interactively, and then synthesize the whole back again. In many texts of cognitive
psychology, the parts are represented by boxes and their interconnections by
arrows. Thus, inputs from stimuli feed into an iconic memory box, which is linked
to a short-term memory box, which in turn is linked to a long-term memory box
and to one or more output boxes. The ensemble of the boxes and arrows
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constitutes the functional architecture of the mind. For some cognitive
psychologists, the boxes correspond to specific neural structures, but for others
they remain functional descriptions without an attached neural substrate.
Occasionally, the properties of the boxes and their interconnections are described
in a mathematical model; most often, though, they remain purely verbal.
Regardless of these differences, the common thread of cognitive reductionism is
the assumption that the mind may be unassembled into distinct parts, that the
parts are stable across tasks, and that psychological methods are appropriate to
identify their separate roles in the production of mental phenomena and behavior.

Uttal’s case against this picture is based on a variety of arguments, some
specific to cognitive reductionism, others of the sort he advanced against
mathematical and neural reductionism. To expose his case, the author examined
the logic of studies that dealt with the serial- versus parallel-processing
controversy. A person sees a list of items and then is asked to report if a target
item was part of the list. The experimenter measures how accuracy and reaction
time change with one or more variables, for example, list length, position of the
target within the list, amount of training, and the like. From the results the
experimenter attempts to determine whether the underlying processes are best
conceived of as a sequence of subprocesses or as the simultaneous execution of two
or more subprocesses. Alas, the results of two decades of research have been
anything but conclusive.

According to Uttal, drawing inferences from the addition, subtraction, or
interaction of reaction times to the architecture of the mind is of questionable
value, particularly when researchers remain silent about the components,
processes, or events that supposedly intervene between stimulus and response or,
having specified the components, when researchers fail to justify them empirically.
Moreover, because information-processing models presuppose that the properties
of the boxes are stable or permanent across time and tasks, they have often failed
to account for the enormous variability in the reaction time data and for the wide
range of individual differences. These failures are problematic for at least two
reasons. First, the variability within and between subjects suggests a degree of
flexibility and adaptability in behavior that is fundamentally at odds with the
rigidity and stability assumed by most information-processing models. And
second, variability and wide-ranging individual differences question the wisdom of
drawing inferences to the mental architecture on the basis of whether a set of four
data points, obtained from a 2 by 2 factorial design, reveals a statistically
significant interaction effect.
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Some cognitive studies have also uncritically presupposed the independence of
the components of the model. Indeed, for some researchers boxes can even be
inserted and deleted from the flowchart without disrupting the functioning of the
other boxes. But when little or nothing is stated about the specific nature of the
boxes as intermediate processing stages, the door is wide open to numerous
alternative, and a priori equally valid, descriptions of the architecture. What
according to one model is evidence for serial processing, for another is the outcome
of a parallel architecture; what for one model is evidence of two independent
stages, for another is evidence for one single stage, albeit of an altogether different
nature. When too many degrees of freedom are left unaccounted for, the
experimental results can reject only the most unlikely architectures. For Uttal this
is another expression of a general fact mentioned before, that the resolvability of
the internal representation cannot be settled on the basis of input-output relations.

But if the blocks of information-processing models do not represent the
components of the mind, if they do not possess the required properties of
independence and stability, for example, what are they then? For Uttal, they
express metaphorically our experimental methods and the attributes of our
research paradigms; they are “artifactual” (p. 159). For this reason, almost any
new research paradigm begets a new memory store, a new box in the series with
its own rules and representations. Also for this reason there has been little
continuity in information-processing models—we are hard pressed to find
persistent concepts and explanatory formulations in cognitive psychology, ones for
which we can readily identify even a modicum of historical consensus and growth.

In summary, whereas cognitive models suggest linearity of information
processing across rigid, stable, and independent blocks, Uttal suggests a dynamic,
context- or task-dependent view of the mind; whereas cognitive models stress the
syntactical and rule-following properties of the system, Uttal prefers to stress its
semantic, meaning-related features; and where cognitive models see genuine
dichotomies (e.g., serial versus parallel) Uttal sees only “straw men” on which
researchers exercise their theoretical penchants. The difference between the two
views of mental functioning is therefore not a question of degree but of kind: “The
‘flow of information’ in real life is conceptual, associative, and dependent on the
meaning of the information itself. It is not simply a matter of a passive flow of
coded information from block to block along well-defined pathways between units
with precise functions. The basic logic of the mind is fundamentally different from
that suggested by the block diagram—a tool that had its origins and utility in the
description of relatively simple engineering or business systems” (p. 157).
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V

In the penultimate chapter, titled “Toward a New Behaviorism—a Summary
and Some Conclusions,” Uttal sketches the major principles of his new
behaviorism. But first he notes how current psychological science is in a complete
disarray, with researchers rarely agreeing on the important empirical findings,
concepts, and theories in their field, on how fragmentation is the norm in
psychology, or on how often empirical findings see their interpretation changed.
The following quotes illustrate the range and the tone of Uttal’s remarks on the
sad state of the science2 and help us understand why the author proposes a return
to a behavioristic approach.

I sincerely believe, however, that much of the progress that has been made in
reductionist explanations of visual processes is illusory and will in the long run
be rejected and replaced with new ideas. (p. 189)

Rather than organizing our discoveries into a coherent taxonomic system,
modern perceptual scientists seem to behave like a huge disorganized mass of
hyper-empirical data collectors, rather than observers—organizers—
interpreters. . . . Perceptual science is usually taught and studied as a mélange
of microuniverses, each of which seems unconnected to any other. This leads to
great difficulty in replication of findings, so much so that the very database of
our science is often questionable. (pp. 196-197)

Even beset by this complexity [the author is referring to the number of
dimensions of psychological phenomena and their interactions], it should have
been possible to divide the field of experimental psychology into subsets that
should have been more amenable to some kind of systematization than the field
currently is. Why it was not, like the other sciences, so organized, however, still
remains a mystery to me. (p. 197)

One of the great mysteries of this science [Psychology] is why there has been so
little recognition of the fact that the interpretation of data has been so variable.
(p. 212)

For many [researchers], science is nothing but controlled observation and
experimentation; everything else is viewed as being not quite respectable (p.
200) . . . mere data collection, without reason or possible extrapolation, is waste
incarnate (p. 203) . . . much of neuroscience is atheoretical. (p. 206)

At the risk of offending some very active scientists, I would include in these
displacement activities the new techniques for examining chemical functions or
anatomical structures inside the head, such as PET and fMRI imaging
procedures. All of these techniques may be of some utility . . . but they have

                                                
2 Although the author restricts some of his statements to perceptual science, it is clear that much
the same can be said about other areas of psychological inquiry.
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minimum theoretical significance for the key psychobiological question of
neural net interactions. (p. 207)

According to Uttal, the remedy for these maladies, as well as for those
identified above, is a new way of conceiving the aims, results, theories, and
limitations of psychology. First, psychologists should recognize that it is
impossible to extrapolate logically from behavior to the architecture of the mind or
to brain mechanisms. Second, as a consequence of the first point psychologists
should embrace an ontological monism and an epistemological dualism. For Uttal,
mind and behavior are products of the brain, but insurmountable barriers prevent
psychologists from reducing psychological theories to brain theories—imitation by
analogy should not be confused with reduction to homologous mechanisms. Third,
as a consequence of the first two points psychologists should conceive of theories of
mental processes not as reductive explanations but as perspicuous summaries of
the knowledge obtained by input-output analyses, or as tools to describe, classify,
and organize empirical results.

Uttal’s proposals amount to a new kind of “moderate behaviorism,” one in
which “mental responses are considered to be real and cognitive processes are
carried out, but that also limits our findings, conclusions, and theories to that
which can be observed. The fact that mind happens to be private does not mean
that it does not exist” (p. 190). In other words, although it relies on behavior as
the ultimate arbiter of any explanatory dispute, the new behaviorism allows
hypotheses to concern events at another level because, according to Uttal, it is
both useful and necessary to postulate mental events. The new behaviorism is also
described as pragmatic, not based on fad, fiat-doctrine, or imitation; it is prudent
with its resources but not parsimonious; it emphasizes molar, global, interactive,
and informative properties of events, not their atomistic or elemental features; it
aims at accurate description, not explanatory reduction. The new approach
remains behavioristic in the sense that its language is restricted to the “physically
and interpersonally communicable” (p. 192). Like Skinner’s, it rejects reductive
theories (not theories in general) and illusory bridges between behavior and poorly
understood and unmeasured internal states. Like Hull’s, it uses mathematical
models as heuristic devices, although it does not conceive of the models as
reductive explanations. To the reader’s disappointment, however, Uttal does not
elaborate much more on these issues and simply promises the reader a lengthier
treatment in a forthcoming book.

In the sixth and last chapter of the book with title “Emerging Principles”
Uttal summarizes his major arguments against the various reductionisms—false
analogies, superficial isomorphisms, spurious correlations, confusion between
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localization and representational issues, presumed rigidity of mental functioning,
“straw men” dichotomies, and so on. He reiterates his belief in an ontological
monism—“all mental acts are nothing more nor less than one set of the many
functions carried out by the nervous system” (p. 218)—but asserts that progress in
psychology requires an epistemological dualism. In particular, it requires a new
form of behaviorism. The book concludes with the following sentence: “What this
book does call for is an appreciation of the limits of the reductionist enterprise, the
fantastic nature of some bridge building efforts, and a reevaluation of the meaning
of our theories” (p. 223).

VI

The less a science has advanced, the more its terminology tends to rest on an
uncritical assumption of mutual understanding. (Quine, 1936, p. 90)

There is much to be learned from Uttal’s various criticisms of reductionism.
His claim that from input-output analyses little can be said about internal
mechanisms is persuasive, not only in the field of perception, where Uttal makes
his case, but in other fields as well. It is a sad reality of psychological science that
mathematical models continue to appear at a high rate but not much seems to
remain of each model a few years later. And even then it is not clear whether any
progress was achieved. Take the case of learning theory. Starting in the sixties and
seventies, bright researchers have proposed a number of models to formalize the
learning process of rats in T mazes and pigeons in Skinner boxes. In the late
nineties, however, those models are all but forgotten. Worse, one can hardly
identify any substantive contribution they have made to our understanding of
learning. Much the same could be said about the large number of models of
human memory, for example. With rare exceptions, psychological science in the
twentieth century has consisted mainly of negative findings, theoretical blind
alleys, and a constant return to new beginnings. Like poor Sisyphus, psychologists
seem to have been condemned by the gods to perform a repetitive, senseless task.
Perhaps it is time to take Uttal’s message seriously.

There is also merit in Uttal’s main message about neural and cognitive
reductionism: illusions and mirages apart, the hunt for the mental architecture has
been as barren as the hunt for the neural basis of complex behavior. But I reserve
the rest of my comments to address the less meritorious arguments by Uttal. First,
I will question the apparent implications of some of his remarks against
reductionism. Next, I will identify what seem to me a few mistakes in Uttal’s
handling of mathematical reductionism. Finally, and far more important, I will
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argue that Uttal’s conception of the mental and how the mental relates to the
brain is profoundly mistaken and therefore it cannot be a viable alternative to the
current zeitgeist. In fact, Uttal’s view of the mind as an internal causal process—a
view he shares with the majority of contemporary researchers, I might add—may
be the major source of the problems that Uttal so well identified in the book.

Consider Moore’s theorem, a recurrent theme in Uttal’s arguments: From
input-output analyses one cannot describe with certainty the inner workings of the
machine (read, mind or brain). That may well be true, but psychologists do not
need to limit their points of departure to input-output analyses. They may
consider also what is already known about the properties of neurons, the gross
anatomy of the brain, the functional specificity of some neural structures, and the
like. At present these additional sources of information may not constrain our
hypotheses about brain mechanisms to any significant degree, but as more direct
knowledge of the brain accumulates the constraints will surely increase. And as
this happens, the very conditions required to apply Moore’s theorem will be
violated.

Uttal would probably reply that even the direct study of the brain will not
unravel the fine grain of neural interactions because numerousness, complexity,
entropy, and chaos remain formidable barriers. And yet, for him, this fine grain is
in all likelihood the very locus of the higher mental functions. Again, Uttal may
be correct, but most researchers are simply not concerned with complete
ontological reductionism. They would settle for a partial reduction, for an
empirically correct, albeit partial, description of how the brain functions in a
specific situation. If on the basis of input-output relations and direct analyses of
the brain we cannot identify the class of finite state machines to which the brain
belongs, can we none the less restrict the set of potential classes? And who can
predict with a reasonable degree of certainty how much progress will be achieved
as the findings from embryology, comparative anatomy and physiology,
psychopharmacology, brain lesions, and the like, are brought to bear on the same
problem? Perhaps my case can be put in a simpler way: An argument, such as
Uttal’s, that starts by acknowledging our current ignorance cannot by definition
inform a persuasive forecast.

Uttal’s case against mathematical reductionism is also weakened by several
mistakes. First, the author seems to confuse mathematics with that which is
described mathematically. To wit, he claims more than once that we “must await
a better mathematics” (p. 61, italics added), one capable of dealing with the molar
and inferential properties of perceptual processes, because the current mathematics
is “local, elementalist, feature oriented” (p. 209). However, mathematics is neither
elementalist, local, or feature-oriented, nor molar, global, or Gestalt-oriented.
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Whatever the worth of these distinctions may be, they refer to our descriptions of
the stimulus world, the brain, or the behavior of an organism; they characterize
the level of detail or the scale of measurement, as it were, of different descriptions
of the same phenomena. Precisely because mathematics is neither molar nor
molecular, global or local, Gestalt or elementalist, but simply abstract, the same
mathematical tools can be used to describe the movement of ions across a
membrane channel, the firing of an action potential, or the behavior of an intact
organism—not to mention phenomena that have little to do with neuroscience or
psychology. Mathematics is a garment oblivious to who wears it or for what
purpose.

Second, Uttal claims that because perception is inferential, mediated,
deductively invalid, and biased, “the rules of standard logic (and presumably the
rules of both mathematics and computational logic) do not hold with regard to the
mechanisms underlying our thoughts and perception” (p. 54). But this confuses
the properties of a mechanism with the language used to characterize it. The man
who concludes from the premises “If the sun is shining then John is at the beach”
and “John is at the beach” that the sun is shining is clearly violating a rule of logic.
But the same cannot be said of his neural mechanisms for they are not
propositions to which this or any other rule of logic applies. Conversely, if it makes
sense to say of a mechanism “It violates the second law of thermodynamics,” it is
absurd to say that the statement itself violates the principle. We have here a
failure to distinguish facts of nature from the language we use to describe and
explain them, a distinction often emphasized by the philosopher Carnap (e.g.,
1966/1995). Facts of nature cannot violate the rules of logic, but neither can they
conform to them.

Third, the peak of confusion is reached when Uttal states that current
“mathematics is so general that it is flawed in a fundamental way—we often tend
to infer more than it implies” (pp. 62-63, italics added). But it is patently obvious
that the language of mathematics should not be confused with its abuses by
mathematical modelers.

VII

But perhaps what is most problematic in Uttal’s book is his overall
conceptualization of the mental and how the mental relates to the brain. The issue
is addressed in the next section because I want to comment first on statements by
Uttal that hint on the nature of the underlying problem. Consider, for example,
his remark that we have gained little knowledge of how the interactions between
neural components become perceptual experience. He states:
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I cannot overstate my conviction as we progress through this book that, at the
present time, we have no idea what the rules and laws are that govern the
transmutation of neural activity into perceptions. Indeed, we do not even know
where in the brain that this [sic] mysterious and wonderful process takes place,
if it is localized at all. (p. 4, italics added)

Unfortunately, the sense of the italicized word is never explained. Perhaps
Uttal has in mind the transmutation of a chemical substance by radioactive decay,
or the alchemist dream of changing a worthless metal into a valuable one. If that
is the case, the analogies are misleading because the difference between the neural
and the perceptual is not akin to the difference between two chemical elements,
say copper and gold. Rather, it is a difference in what Wittgenstein has aptly
called language games. We say of persons that they perceive—John sees a glass of
water, smells a rose, feels the softness of the pillow, and tastes the ravioli.
Typically, we do not say of brains that they taste ravioli, feel the softness of the
pillow, smell the roses, or reach for a glass of water when thirsty. The language of
perception—seeing or hearing, clearly or unclearly, with or without effort, and the
like—does not apply intelligibly to the brain, although researchers may find out
the conditions of the brain that allow a person to see, hear, smell, etc., or the events
that occur in the brain when a person sees, hears, smells, etc. More generally, what
makes sense when said of a person (e.g., Mary is in pain) often makes no sense
when said of a part of a person (e.g., Mary’s hand is in pain). Hence the
transmutation of the neural into the perceptual is not an intelligible metaphor but
only the appearance of one.

Suppose I draw a curve on a paper and then ask “At what moment did the
curve become a circle?” A psychologist may be tempted to design a series of
experiments to determine the moment when an individual recognizes the circle,
and his experiments may show that this occurs when the line touches the starting
point, or as we might say, when the “circle” is closed. Before, there is no circle;
after, there is one. Perhaps this picture is closer to what Uttal has in mind when he
refers to the transmutation of the neural into the perceptual. The problem,
though, is that the discontinuity is about our conventions, not about our neural
processes, for in the latter nothing qualifies as a discontinuity between a noncircle
and a circle. And if a neuroscientist were to find that a particular event—perhaps
the synchronization of different neurons—always preceded a subject’s recognition
of a circle by a few milliseconds, then we would welcome the finding but then ask
where and when the transmutation had occurred and the sense in which the neural
synchronization is the perception. If my reasoning is correct, it follows that even
when researchers discover a great deal more about the neural interactions that
take place during perception, from the moment the light rays strike the retina



MACHADO

68

until the moment the subject acts, they will not find a place or a moment in which
the neural transmutes, magically one is tempted to say, into the perceptual.

For Uttal, perception is a private experience not directly sharable with others.
Percepts, he claims, “do not represent strict algorithmic transformations from the
stimulus to the response, but rather are the decodings and interpretations of the
meaning of heavily encoded and symbolic representations of the information
impinging on the receptors” (p. 122). In other words, when I see an apple, my
percept is an interpretation of an internal representation. The representation is
posited because, according to the account, my brain receives only the information
sent by the retinal cells—it cannot access the apple directly, as it were—and the
interpretation is required because the representation is symbolic and meaningful;
it encodes, heavily we are told, the pattern of light.

This is a profoundly misleading view. People interpret parables in the sense of
elucidating their meaning, texts in a sense of explaining them. In this sense,
obviously brains do not interpret internal representations, or anything else for that
matter. It is also unclear to me the sense in which a brain encodes a stimulus.
Light rays reach the retina and initiate a train of electrical impulses, but electrical
impulses are not symbols or ciphers, nor do they stand for, signify, or represent the
light rays or the apple. Dots and dashes may encode an English expression, but
they do so because a community of speakers established a set of rules—the Morse
code—a standard that is taught and explained, and against which actual uses of
the code may be compared in case doubt arises. English words and sentences
themselves do not encode anything, and therefore no decoding is necessary to
understand a language because nothing has been encoded. Finally, to assert that
information impinges on the receptors is also misleading, for if one means
information in the technical sense of information theory—a function of a set of
signals and their frequency distribution3—then information is not the sort of thing
that can impinge the eye; but if one means information in the everyday sense of
knowledge concerning particular facts and circumstances, then it also bedevils the
mind how patterns of light rays convey information.

                                                
3 Weaver puts it this way: “information must not be confused with meaning. . . . In fact, two
messages, one of which is heavily loaded with meaning and the other of which is pure nonsense,
can be exactly equivalent, from the present viewpoint, as regards information. . . . The concept of
information applies not to individual messages (as the concept of meaning would) but rather to the
situation as a whole” (Shannon & Weaver, 1963, pp. 8-9).
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Along similar lines, when Uttal defines the mind as “the sum total of all
intrapersonal brain responses of the organism to which the organism is aware and
many of which it may not be aware” (p. 143), one needs to ask if organisms are
ever aware of their brain responses. I may be aware of raising my arm, which
raising is certainly due to the firing of some neurons in my brain, but I am not
aware of those firings. Similarly, I may be aware that the apple in front of me is
red, but I am clearly not aware of the firings of my retinal cells. So much is
platitude, but Uttal’s statements express something more troublesome, a
viewpoint according to which parts of the brain are like little persons busily asking
questions to other parts, providing answers, sending and receiving messages,
doing calculations, hypothesizing, testing hypotheses, drawing conclusions,
forming concepts, and so on. This picture of the brain is part and parcel of the
general picture of the mind provided by the information-processing approach, a
picture in which the minds of animals and humans are populated with literally
dozens of agents filtering, storing, retrieving, classifying, checking, sorting,
associating, redescribing, representing, coding, decoding, computing, counting,
timing, estimating, deciphering, competing, you name it. And then one has the
illusion of understanding what has been said.

But am I just quibbling over words, taking metaphors literally and failing to
grasp their intended meaning? I do not believe so, for if these accounts were
metaphorical simply because this particular rhetorical device happened to be
chosen by their authors to communicate their ideas, then it should be possible to
offer more literal alternatives of these accounts. That no such alternative is ever
offered should make us ponder. But even more important are the potentially
disastrous consequences of harmful metaphors. Uttal expands on his views of
perception:

It is not too much of a stretch of theory to assume that all precepts [sic] are
illusions in the sense that they are not directly determined by the stimulus and
are, therefore, discrepant, illusory, or interpretive reconstructions of the
stimulus scene. Indeed, according to this point of view, nothing is directly
determined by the stimulus. Everything is so indirect and mediated by a series
of transformations and interpretations that it is amazing that we are able to
respond adaptively to events in our environment. . . . Such an interpretation
leads us to a rather lonely and chilling thought. Perhaps we are all far more
isolated from the external world than we had thought. Perhaps we . . . are
isolated sentiences at the end of a long series of codes and transformations.
Perhaps our contact with the world is far more an illusion itself than we would
like to believe. (pp. 122-123)

Amazing indeed. Having (mis)construed perceiving as interpreting internal
representations loaded with meaning, neural activity as encodings and decodings
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in a strange language of the brain, the author naturally arrives at the land of
nonsense—perhaps our perception is more illusory than we thought! How strange
it must be on this viewpoint that on most occasions I reach for the apple, grasp it,
and eat it; I hear the train whistle, stop at the railroad crossing, and avoid the
accident; I feel the cold rain and seek shelter; I smell something burning and
remove the pan from the stove. None of these perceptions is illusive, discrepant, or
inferential, although sometimes my judgments may be false and my inferences
may be incorrect. When in the preceding quote Uttal redefined the concept of
illusion—from a discrepancy between our judgments of length and the actual
length of two line segments, for example, to interpretive processes inside the
head—he was not stretching a plausible theory but rather composing an
unintelligible paragraph.

VIII

Someone once suggested that when we find ourselves in a conceptual mess we
should not ask how to solve it but how we got into it in the first place. I believe
that the ambiguities, confusions, questionable metaphors and analogies identified
above stem from Uttal’s picture of the mind as an internal causal process. For
Uttal, thoughts, motives, images, feelings, desires, perceptions, and learning have
the status of hypothetical constructs (p. 190), perhaps in the same sense as quarks
are hypothetical entities in physics. Mental states are characterized as private and
internal. They can be witnessed by the individual, but others have to rely
exclusively on behavior, a signal of the mind. But what is inside the skull is the
brain, and therefore the mind must be the brain. The resulting ontological
monism is characterized by Uttal in a variety of different, but not always
consistent, ways: Mental experiences are the actions of parts of the brain; mental
processes are generated by neural mechanisms; the brain “secretes” the mind; the
brain is to the mind as the revolutions of a wheel are to the wheel; mind is
identical to brain; mind is the brain; mind processes and some brain mechanisms
are so “tightly” [sic] correlated in space and time that they are equivalent. To
believe otherwise is, according to Uttal, to enter into a Cartesian world of
“mysticism, theology, and fantasy that is far beyond any logical or scientific
examination” (p. 13).

The picture of the mind as an internal causal process informs Uttal’s
ontological monism and forces him to dismiss as nonscientific any alternative
approach. But this picture is also the source of the ambiguities and confusions that
significantly reduce the thrust of his otherwise valid arguments against
reductionism. Fortunately, we can agree with the arguments without accepting
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the picture. Beliefs, thoughts, desires, and intentions are not brain states as Uttal
claims, but neither are they states of some ethereal substance that magically affects
our brain. So much has been written about this false dichotomy that I will confine
my remarks to a short story and what it tells us about the mental, the behavioral,
and the neural.

A ruthless king was extremely jealous of the popularity enjoyed by one of his
subjects, Father John. One day, unable to contain his anger, the king accused
the priest of betraying the country and ordered his execution. As people
interceded in behalf of their friend, the king decided to show his benevolence by
giving the priest one final chance. “Father John,” he said, “you have one week to
find the correct answer to the question ‘What is the king thinking?’ If you do,
you will be a free man; if you don’t you will be executed.” After six days, the
resigned priest revealed his misfortune to a dear friend, the baker. Astute as a
fox, the baker told Father John not to worry, for he had figured out a way to
save his life. On the seventh day, when the king saw John entering the palace he
asked sarcastically: “So, Father John, have you found the answer to my
question?” “Yes, your majesty, I have.” Angered by the impertinence of the
reply, the king challenged: “What then am I thinking, Father John?” “Your
majesty is thinking that he is talking with Father John but,” (removing his
disguise) “your majesty is in fact talking with his friend, the baker.”

The king’s thought is obviously not in his words and behavior, for the same
words could be uttered and the same behavior performed without expressing the
same thought. But neither is it in the brain, for clearly the baker had no access to
the king’s brain. To put thoughts or meanings inside the head in the form of
symbolic representations is conceptually mistaken, for thoughts or meanings
cannot be inside or outside the head, inside or outside of words, inside or outside
of pictures. To force us to locate them somewhere is as absurd as to force us to
decide whether numbers are white or black. Of course, other cases of thinking
differ from the preceding one—thinking is a remarkably polymorphous concept—
which is one more reason to realize that thoughts cannot be in the brain.

Thoughts, intentions, desires, and similar concepts gain their meaning from
their use by a community of speakers. Children learn the grammar of these and
other concepts as they interact with people in particular surroundings and
circumstances, as parents for example correct, illustrate, and explain how the
concepts are used appropriately. Knowledge of how this learning takes place
would help us understand how children and adults use these terms and therefore
what these terms actually mean. But one thing is not in doubt—neither children
nor adults learn to talk about intentions, thoughts, and desires by inspecting
brains or by inferring inner, private, mental occurrences. Hence the dichotomy
that conceives of these terms as referring to either (a) neural states that are now
hypothetical but one day will become fact, or (b) internal mental states, accessible
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only to the individual but which he attributes to others by inference from his own
experience, is, I believe, misleading. Fortunately we do not have to choose among
them. The alternative to understand thinking, believing, or intending is to look
not in space but in time, not into the brain but into the history of the individual
and his circumstances. The work of Piaget on thinking illustrates this approach,
for he conceptualized thinking in terms of progressive differentiation,
coordination, and regulation of actions, starting in the sensory-motor period of
reflexive exercises and “ending” in the period of formal operations. This approach
was also suggested by Wittgenstein who once put it this way:

No supposition seems to me more natural than that there is no process in the
brain correlated with associating or with thinking; so that it would be
impossible to read off thought-processes from brain processes. I mean this: if I
talk or write there is, I assume, a system of impulses going out from my brain
and correlated with my spoken or written thoughts. But why should the system
continue further in the direction of the centre? Why should this order not
proceed, so to speak, out of chaos? The case would be like the following—
certain kinds of plants multiply by seed, so that a seed always produces a plant
of the same kind as that from which it was produced—but nothing in the seed
corresponds to the plant which comes from it; so that it is impossible to infer
the properties or structure of the plant from those of the seed that comes out of
it—this can only be done from the history of the seed. So an organism might
come into being even out of something quite amorphous, as it were causelessly;
and there is no reason why this should not really hold for our thoughts, and
hence for our talking and writing. It is thus perfectly possible that certain
psychological phenomena cannot be investigated physiologically, because
physiologically nothing corresponds to them. (Wittgenstein, 1967, pp. 106e,
remarks 608 and 609)

Reductionism may fail for all or some of the reasons identified by Uttal.
However, no reason seems to me more convincing than the fact that the mind is
not an internal causal process, something of which we know the output but not
the internal workings. For mind is not even an output, a response, or a behavior,
or at least not just that. Mind requires appropriate surroundings and
circumstances, not as extraneous accoutrements that one may dispose of, but as
defining components without which it does not exist. Those surroundings and
circumstances cannot be reduced to neural firings.

Any science starts with familiar notions and their associated images.
However, as the science progresses, some concepts are abandoned whereas others
are greatly refined. After decades or centuries of scientific evolution, what remains
are new entities, concepts integrated into webs of concepts, with their use
regularized and their metaphorical connotations severely restricted by laws and
theories. The common-sense origins of a scientific concept become a matter of
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etymology or historical analyses. The concept of reflex, for example, was once
defined with reference to consciousness and volition—reflexes were involuntary
acts that were performed without consciousness. The concept evolved, lost some of
its associations, gained a few others. At one time consciousness was eliminated
from the web, at another time the idea of a psychical reflex was added, at yet
another time only a particular type of stimulus-response correlation qualified as a
reflex. The matter is still unsettled but the changes are as they should be, for they
constitute the very process of scientific evolution. But the changes also show that
more than reducing familiar concepts, science redefines them for its specific
purposes. It follows that although the concepts of thought, belief, and intention
may one day be used intelligibly to describe brain states, when (and if) that
happens they will be concepts with profoundly altered grammars. I do not reject
this possibility, but I remain skeptical. The meanings of belief, intention, and the
like are so variegated, so dependent on context and circumstance that these
concepts are unlikely to support the full weight of a mature scientific theory of
either brain or behavior. It is true that nowadays many scientists and philosophers
claim that animals and machines also have minds, thoughts, beliefs, intentions,
and desires. And some experts have gone as far as to assert that in order to
understand even the simplest forms of learning in rats and pigeons, the concepts of
mental state, representation, and internal computation are needed. But rhetoric
aside, the attentive reader will readily notice that the aforementioned concepts
rarely if ever enter the expert’s theory (when there is one!) in any meaningful and
strong way.

Despite my profound disagreements with Uttal’s conception of the mind and
its relation to the brain, I strongly recommend his book. It is a timely, serious,
informed, and sometimes passionate argument against all forms of reductionism.
The author makes a valiant effort to integrate principled argument with the
methodology, empirical results, and theoretical implications of the studies he
reviews. As the new millennium approaches, similar books are likely to appear and
that will be good, for psychology desperately needs them.
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