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Article
Animal Concepts: Content and
Discontent

NICK CHATER AND CECILIA HEYES

1. Introduction: The Status of Research on ‘Animal Concepts’

1.1 Preliminaries

The psychology of human concepts is concerned with the structure of
concepts such as FISH, PERSON, LIKES and so on. The stock of concepts
that we are assumed to have corresponds rather directly to the stock of
predicates of natural language. The nature of this relationship between
human concepts and natural language is central to research on animal
concepts, since, unless there is some way of understanding concepts that
is independent of their connection with natural language, nonlinguistic
animals cannot have concepts.

This problem has not prevented comparative psychologists from describ-
ing themselves as studying ‘concept formation’ in animals. Nor should it
have done. Just as intuitions about infinity and the geometry of space
have been overthrown by mathematical and scientific advances (Putnam,
1962), so speculations about the impossibility of animal concepts may be
overtaken by intellectual progress. Experimental research may have made
sense of the claim that animals have concepts; a sense that is simply not
evident to pretheoretic intuition. The empirical literature certainly gives
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the impression that animals’ concepts have been clearly demonstrated,
and ipso facto that concepts need not depend on natural language.

To assess whether this has indeed been shown, we examine the various
accounts of concepts to be found in human and animal psychology and
in philosophy. In particular, we search for a sense of ‘concept’ that:

(1) applies to humans, and assigns to them concepts corresponding to
terms of natural language;

(2) can be applied to nonlinguistic animals;

(3) allows empirical investigation of animal concepts. In animal con-
cepts research, such empirical investigation has generally taken the
form of behavioural experiments, rather than, for example, neuro-
physiological studies.

If any of these criteria are unfulfilled then it is difficult to see how animal
concepts research could be coherent. If (1) and (2) cannot both be fulfilled,
then we cannot even sensibly ask.whether animals, like humans, have
concepts. If (1) and (2) are fulfilled but (3) is not, then it may be possible
te formulate clearly the questions of whether and what concepts animals
have, but animal concepts research will be unable to answer them. We
will argue that there are currently no accounts that fulfil all three of these
criteria. That is, the idea of a concept has not been successfully decoupled
from natural language, and hence there is currently no coherent account
of what animal concepts might be. Notice that we are not adopting the
familiar line of stressing that possessing concepts is a major cognitive
feat, of which few or no animals may be capable. Rather, we argue that
we simply have no account of what cognitive feat possessing a concept
amounts to for nonlinguistic agents, and hence cannot assess whether this
or that animal possesses concepts or not, still less ascertain the content of
its putative concepts.

1.2 Background

In comparative psychology, categorization experiments are variously
described as studies of ‘discrimination learning’ and ‘concept formation’.
The latter description began to be applied consistently by comparative
psychologists about 80 years ago (Bingham, 1914; Hunter, 1913; Johnson,
1914), and achieved some currency in the 1920s and 1930s when exper-
iments by Lashley and others (Fields, 1932; Lashley, 1930; Munn, 1931)
suggested that rats that had been trained to discriminate, say, an equilateral
triangle from a rectangle, would, with only minimal training, continue to
select the triangular stimulus despite variations in its form (e.g. isosceles
or scalene), orientation, brightness or background. This led to the sugges-
tion that rats can acquire the ‘abstract idea’ or ‘concept’ TRIANGLE
(Washburn, 1926). In the 1940s and 1950s the investigation of animal
concepts was less vigorous, but since the 1960s it has undergone a revival
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and an increasing number of animal studies have been described by their
authors as studies of ‘categorical concept formation’ (e.g. Cerella, 1982,
1986; D’ Amato and Van Sant, 1988; Greene, 1983; Herrnstein and Loveland,
1964; Herrnstein, Loveland and Cable, 1976; Lubow, 1974; Malott and
Siddall, 1972; Morgan, Fitch, Holman and Lea, 1976; Roberts and Mazman-
ian, 1988; Schrier, Angarella and Povar, 1984; Siegel and Honig, 1970;
Wasserman, Kiedinger and Bhatt, 1988). The current preoccupation is,
however, with the possibility that animals have or can acquire ‘natural’
categories such as TREE and FISH rather than ‘artificial’ concepts such
as TRIANGLE. Whereas artificial concepts experiments use very simple,
specially constructed stimuli, such as simple geometric shapes, natural
concepts experiments attempt to teach the animal highly complex, real-
world categories, generally using photographs of real scenes or objects.
For example, the ability of a pigeon to learn to discriminate slides depicting
trees from slides not depicting trees has been interpreted as evidence that
pigeons can acquire the TREE concept (Herrnstein et al., 1976).

The foregoing is typical of recent experiments on categorical concept
formation in that (1) complex visual stimuli are used, (2) subjects are
pigeons (monkeys are also sometimes tested), and (3) the procedure is
successive discrimination, in which pecking a response key in the presence
of stimuli belonging to one category (S+) is rewarded with food, while
pecking the same response key in the presence of stimuli belonging to
another category (S—) is not rewarded. Subjects are judged to have
acquired the discrimination if they respond at a higher rate in the presence
of S+ stimuli than in the presence of S— stimuli, but this is seldom
regarded as evidence of concept formation unless a difference in rate of
responding is maintained when novel stimuli are substituted for those
used during training, i.e. unless ‘transfer’ is observed. Finally, the study
of Herrnstein et al. (1976) is typical in using two complementary stimulus
categories, with the S— category or negative set defined as consisting of
stimuli lacking something that is present in the S+ or positive set.

This may remind nonspecialist readers of behaviourist methods, but in
fact most contemporary comparative psychologists working in this area
are willing to explain behaviour with reference to internal states and
processes. Indeed, many would describe themselves as ‘animal cognitive
psychologists’, or contributors to the field of ‘animal cognition’, and one
of the primary aims of research in this field is to find out precisely
what kind of internal structures and processes underlie the categorization
performance of animals (e.g. Roitblat, 1982). Research on animal concepts
is certainly not unique in this respect; the majority of contemporary
research on learning and memory in animals could be described as
investigating internal structures and processes. (For convenience, however,
we shall use ‘comparative psychology’ to refer to the study of nonhuman
species and reserve the label ‘cognitive psychology’ for the study of
humans.) What is distinctive about animal concepts research is the extent
to which it aims to specify not only the structure of animals’ internal
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representations, but also their content; what an animal.can discrimina.te,
learn, remember or know. Furthermore, the use of exp.)erlmfental categories
such as ‘tree’, ‘person’ and ‘cat’, which are paradl.gmahc examples of
human concepts, suggests that researchers want to find out whether the
content of animals’ internal structures is, or can be, the same as that of
humans.

Thus, comparative psychology has undergone a change not only in
theoretical orientation but also in theoretical ambition. This is problematic,
we shall argue, because the literature on human concepts has little to
contribute to fulfilment of the ambition of animal concepts research; it
does not provide good leads in the form of appropriate theoretical tools
or empirical methods. Specifically, concepts and natural language are so
closely tied together that it is not clear how to make sense of animal
concepts.

1.3 Structure of the Paper

A natural interpretation of what it would be for animals to have concepts
is simply that their categorization behaviour is mediated by mental struc-
tures of the same sort that are postulated in theories of human concepts—
definitions, sets of exemplars or prototypes. We consider this possibility
in Section 2, and argue that it does not provide a foundation for animal
concepts research since it ties concepts to natural language. Only the
prototype view can be formulated nonlinguistically, and even this is unsat-
isfactory for independent reasons. Nor does empirical research on human
concepts provide methods that can be applied to other species, since the
stock of concepts is taken as given (by natural language predicates), rather
than being the object of investigation, as in comparative psychology. In
consequence, comparative psychologists have been compelled to chart a
relatively lone experimental course and have reached an impasse.
Section 3 explores a different potential connection between human con-
cepts and putative animals concepts. Rather than assuming that animals
have internal structures or mechanisms in common with humans, perhaps
animals may be judged to have concepts because they can learn discrimi-
nations that correspond to human categories. This requires some account
of what it is to categorize in a particular way, to have a concept with a
particular content (e.g. TREE or FISH), which allows humans and animals
to be compared. Experiments on animal concepts have presupposed a
‘correlational” view of categorization which identifies concepts perceptually
rather than linguistically. Considerations derived from informational sem-
antics (Dretske, 1981; Fodor, 1990; Stampe, 1977) reveal theoretical prob-
lems with this approach, which are reflected in the practical difficulties
that animals concepts researchers have encountered in determining which
features of stimuli are the basis for performance in discrimination learning
experiments. Viewing these difficulties as symptomatic of the problems
identified through informational semantics suggests that they are not
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merely technical; that more ingenious experimentation will not make them
go away.

In Section 4 we broaden the focus to consider studies of animal com-
munication, so-called ‘relational’ concepts and more ‘naturalistic’ studies.
Finally, in Section 5, we consider the implications of the problems we
have identified in animal concepts research for comparative psychology
in general. We suggest that these problems may be avoided insofar as
comparative psychologists are able to make only very general, rather bland,
assumptions about the content of animals’ internal representations.

2. The Structure of Concepts: Leads from Cognitive Psychology?

2.1 Introduction

One suggestion concerning how concepts can be identified nonlinguisti-
cally is that a concept is an internal state with a particular structure (a
definition, a prototype, or a set of exemplars), which, in the human case,
may or may not have the same meaning as terms of a natural language.
According to such a view, in human natural language terms inherit their
meaning from the corresponding concepts, but nonlinguistic animals may
also be concept-holders in good standing. Equating the structure of animal
and human concepts in this way might provide the basis for explaining
the content of animal concepts. To explore this suggestion, we now con-
sider the extent to which a range of theories of human concepts can be
applied to animals, taking definitional, exemplar and prototype theories
in turn, and find none to provide an adequate starting point for animal
concepts research.

2.2 Definitions: Failing on Criteria 2 and 3

According to the definitional view, to possess a lexical concept is to know
a set of necessary and sufficient conditions for category membership. For
example, to have the concept BACHELOR is to know that a bachelor must
be adult, male and unmarried (although see Lakoff, 1973). In contemporary
formulations, this means that lexical items of natural language are rep-
resented in terms of complex definitions in a system of internal represen-
tation, the ‘language of thought’ (Fodor, 1975). Opponents of the defi-
nitional view (e.g. Fodor, 1981) argue that lexical items of natural language
correspond directly to primitives of the language of thought, and hence
have no non-trivial definition in that language.

In the literature on human concepts, the definitional view has been
tested both by attempting to formulate good definitions for particular
classes of lexical items (Miller and Johnson-Laird, 1976; Schank and Abel-
son, 1975) and has been challenged on the grounds that such definitions
are seldom or never adequate (Fodor, 1981; Medin and Smith, 1984; Smith
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and Medin, 1981; Wittgenstein, 1953). It has also been tested using sentence
comprehension tasks. For example, if the word ‘bachelor’ is internally
represented not simply as BACHELOR, but with the explicit negation—
NOT MARRIED—then this explicit negation may be expected to interact
predictably with other logical connectives in a comprehension task (Fodor,
Garrett, Walker and Parkes, 1980, use such a method to undermine the
definitional account).

The definitional view of concepts concerns the relationship between
lexical items of natural language and a putative human language of thought.
Since animals do not have natural languages, similar or even related questions
simply do not arise. It seems that criterion (2) cannot be met.

It might be objected that the definitional view might be applied in
comparative psychology by asking whether lexical items of human natural
language correspond to definitions in an animal’s language of thought.
This assumes that animal concepts correspond closely to the terms of
human language (this is denied by, for example, Dummett, 1978; Gillett,
1987, 1988). Even if this anthropomorphic assumption could be justified,
this recasting of the definitional view of concepts is problematic. First,
the definitional view appears to be a nonstarter from an experimental
perspective. It is hard to imagine how the kinds of reasoning and compre-
hension tasks used to test the definitional view in the human case could
possibly be adapted for nonlinguistic agents. Second, the availability of the
concepts in the putative definitions will presumably be just as uncertain as
the concept to be defined. For example, to suggest that an animal’s concept
WOMAN is internally defined as FEMALE, ADULT and PERSON presup-
poses three controversial concepts in an attempt to account for one. Perhaps
these difficulties could be circumvented if the primitives in terms of which
definitions are couched were perceptual. However, while it is difficult to
provide plausible definitions of most natural language terms using any
primitives, it has proved impossible, despite two centuries of empiricist
labour, to provide definitions of a perceptual kind (Austin, 1962; Ayer,
1956; Fodor, 1981). Thus, even if the definitional view could be plausibly
adapted to apply to animals (i.e. to meet criterion (2)), it appears unable
to support the empirical investigation of animal concepts (i.e. to meet
criterion (3)).

Before leaving the definitional view, we should stress that it requires
much more than that animals be able to represent definitions of some
sort. As Fodor (1981) points out, for humans, phrases of natural language
(such as ‘green tree’) are almost invariably assumed to have definitions
in the language of thought (in terms of the internal representations for
‘green’ and for ‘tree’). However, this fact does not bear on the question
of whether the definitional view of concepts is correct for humans. The
point at issue is whether lexical items of natural language map onto
definitions in the language of thought. Thus, even if animals have a
language of thought, and can frame definitions within it, the definitional
view still does not apply to them.
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2.3 Exemplars: Failing on Criterion (2)

A wide range of theories of concepts falls under the heading of exemplar
accounts (Estes, 1986; Hintzman, 1986; Hintzman and Ludman, .1980;
Medin and Schaffer, 1978; Nosofsky, 1984, 1986; Reed, 1972; Var}dleren-
donck, 1990). Rather than attempt a survey, let us simPly consider the
view in its purest, if least sophisticated, form. A concept 1s held to consist
of a set of representations of particular instances of that concept. For
example, to have the concept PODIUM is to have a set or list of sto?ed
representations of podia that have been encounten?d in 'the‘r past. Ar_l c?b]ect
is judged to be, and typically named as, a podium if it is sufficiently
similar to a stored instance. Exemplar theory has been su_pported by
experiments showing that membership judgments _for novel instances of
the category are more rapid, accurate, and conm_stent when the new
instance closely resembles a familiar instance (Medin and Schaffer, 1978).
Unlike the definitional view, the exemplar view of concepts appears to
have an analogue in the comparative literature, in thf: form of stlrnu!lus
generalization accounts of categorization. However, in the comparative
field, stimulus generalization is commonly regarded as an alternative to
concept-mediated accounts of categorization (D’ Amato and Van Sant, 1988;
Fersen and Lea, 1990; Pearce, 1989; Vaughan and Greene_, 1984). Generally
speaking, stimulus generalization theories assume that in the course o_f a
typical categorization experiment (outlined in Sectlor} 1.2) a re}?rese;'ntatlon
of all or part of each training stimulus is formed in the an_lmal s l_ong-
term memory. Some of these representations become asspcmted with a
representation of reward, or of the response that follomted stimulus presen-
tation, as a function of the extent to which the stimulus or response
predicted reward. When a novel stimulus is presented in a tran.sf'er trial,
it is compared with all of the representations formed during training anAcl
activates each to the extent that it resembles the incoming stimulus. It is
assumed that, once it is activated, a representation will excite any rewar‘d
or response representation with which it is associated to a degree that is
determined by the level of its own current activation and by the str'ength
of the pre-existing association. The combined influence of the activated
representations is taken to determine the identity and/or vigour of the
animal’s response to the test stimulus. o
Given the similarity between exemplar and stimulus ge_nerahza_t{on
accounts, it may seem puzzling (and somewhat ironic) that while c9gmt1ve
psychologists regard the former as a thelory of concepts, comparative psy-
chologists regard the latter as an alternative to a concept-medlated account
of categorization. This is less puzzling when one considers that, according
to the exemplar view, each stored representation of a category, say TBEE,
is labelled as a instance of that category. The stimulus generalization view,
in contrast, assumes that stored representations of positive instances 'have
in common only the fact that they have each been independently ass?mated
with reward or with a particular response. According to the stimulus
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generalization view, instances that are category members from the point
of view of the experimenter need not be recognized by the animal as
having anything in common.

Experiments suggesting that animals can form ‘equivalence classes’ may
be mistakenly interpreted as evidence that, contrary to the predictions of
standard stimulus generalization models, animals’ stored representations
of category members do have something in common beyond the fact that
each is independently associated with a common response or trial outcome,
Such experiments show, for example, ‘transfer of reversal’ initially,
responding to stimuli A,,..., A, is associated with reward and responding
to B,,..., B, is not. Then the opposite contingency is adopted, so that
responding is rewarded for the B,,..., B, but not the A,,..., A,. Exposure
to some stimulus items under the opposite contingency facilitates reversal
of discrimination performance with respect to the rest of the training
set (e.g. Nakagawa, 1986; Vaughan, 1988; Zentall, Steirn, Sherburne and
Urcuioli, 1991). The most plausible explanation for transfer of reversal is
that associations have been formed between the stored representations of
stimuli associated with a common response or trial outcome. In this case,
rather than having a common label, as exemplar theories postulate, the
stored instances would be connected with one another.

Evidence that even this kind of unification of representations is not the
norm in animals comes from the many studies which have failed to find
transfer of reversal (e.g. D’Amato, Salmon, Loukas and Tomie, 1985;
Preston, Dickinson and Mackintosh, 1986; Sidman, Rauzin, Lazar,
Cunningham, Tailby and Carrigan, 1982), and from experiments showing
that learning to categorize stimuli using one response does not facilitate
their categorization using another response (Bhatt and Wasserman, 1989).
Pigeons that had learned to peck four different response keys when
shown slides of cats, flowers, cars and chairs, respectively, did not
learn any faster than control birds to peck a single response key at a
different rate in the presence of each of the four different categories of
stimuli.

Even if animals typically showed evidence of having formed associations
between stored instances, this would not be sufficient to ascribe them
concepts. First, it is not clear how associated sets of instances can be used
in inference. Second, the significance of the distinction between symbolic
labelling and association is that the same set of exemplars can be labelled
by many different labels (so that, for example, a given pair of exemplars
can be represented as both being instances of ANIMAL, DOG and FURRY,
but as differing regarding FIERCE) whereas association between exemplars
is merely present or absent. Therefore while it is possible for different
labels to capture many different classifications, which may cross-classify
or be arranged in hierarchies, associations can only produce a single
partition of exemplars into two or more disjoint sets (related points are
made in the context of a critique of connectionist models, by Fodor and
Pylyshyn, 1988). In short, stimulus generalization may be able to explain
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the ability to distinguish dogs from non-dogs, or furry from non-furry
i t not both at once.
th'lrnog:r}:i extent then does the exemplar vit.:w.provide a _lead for compali.-a~
tive research? Although it is superficially 51r‘mlar to a s'tlmEJIUS generaliz-
ation account, the exemplar view cannot be directly applied in comparative
fields as an account of the kind of {nental structure that constltultes a
concept. In order to apply this view,_ it would be_necgss_ary to de\fi.;.- ((:;p a
theory suggesting how exemplars might be n‘onl}ngulstl!:ally labelle ;s
members of the same category, and what principles might govern the
assignment of particular exemplars to par_tlcular_ labels. In the human cacsje
it is assumed that stored exemplars are assigned {ntemal labels correspond-
ing to the natural language labels lit‘erally assigned to the.stlmull theg
represent. Thus, those exemplars which are enc!ountered with the wo}:
‘tree’, will be marked with a cognitive label ‘tree’, and become part of the
TREE concept. But this view of how exemplar labels are learned cannot,
ly to animals.

Ofltr:\otli-z(::r é:)lzpt}{is, it seems that, to proceed at all, comparative rese:?rch
must provide an alternative account of how exemplars‘are ‘bound.énto
concepts. It bodes ill that where similar problep'ls have arisen in consider-
ation of the numerical competence of animals it has proved lmp().EiSlblE to
find consistent evidence of an overt (behavioural) or 'covert (1nte.rr}al)
system of indexing (Davis and Perusse, 1988). Hence, it is not surprising
that animal researchers have not attempted to develop a nonlinguistic
exemplar view of concepts. Instead they have 1ntgrprefed exemplar effects
(in which the identity of particular training stlmull.ap}.)arently affects
transfer performance) as evidence that stimulus generalization, rather than
a concept, underlies categorization performance.

2.4 Prototypes: Failing on Criteria (1) and (3)

rding to the prototype view, a stimulus will be categorized as a tree
;?Cictois sugfﬁcientlypsimiﬁ:r to the central tendenc.y, or prc‘)totype‘of trees.
Since similarity is a matter of degree, membershlP is typically viewed as
a graded, rather than an all-or-nothing property. Evidence for the prototype
view has been adduced from a number of experimental methods. People
are able to rate reliably the extent to which a member of a category fits
the meaning of the word which stands for that category (Rosch, 1973,
1975). Such ratings covary reliably with how quickly category membfer'sb1p
can be verified (Rips, Shoben and Smith, 1973), or‘der of acqmsﬂmn
(Anglin, 1970), the speed and probability of generation of an instance
when subjects are required to list all the members of a category that they
can think of, and so on. Thus, in a task involving the category JEWEL, a
diamond will be classified more rapidly, reliably and accurately as a category
member than, for example, an opal or bloodstone; in response to a request
to name a jewel, ‘diamond’ is a swift, high-frequency response; and a
diamond is rated as a better example of JEWEL than an opal, or a bloodstone.
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Unlike the definitional and exemplar views, the prototype view appears
to have a natural nonlinguistic formulation. The linguistic version is that
instances of concepts corresponding to lexical items will cluster together
in an appropriate feature space. However, the existence of such clusters
does not depend on there being a lexical item to which each cluster
corresponds. Indeed, there are a variety of statistical and neural network
methods which find clusters in unlabelled data (e.g. Carpenter and
Grossberg, 1988; Hartigan, 1975; Kohonen, 1984). Thus, if category
instances genuinely cluster in some perceptual feature space, categories
can be learnt without reference to labels provided by natural language.

The majority of the paradigms used to test whether human concepts
have a prototype structure are inherently linguistic, and therefore cannot
readily be applied to animals. However, prototype theories have also been
evaluated (principally in comparison with exemplar theories) by asking
people to categorize artificial stimuli (Medin and Schaffer, 1978; Nosofsky,
1984; Posner and Keele, 1968) and there have been isolated attempts to
test animals in the same way (Lea and Harrison, 1978; Pearce, 1989).

In Pearce’s autoshaping experiment, pigeons learned a discrimination
between two groups of histograms which differed in terms of the total
height of their three bars. Slides of histograms with a total height of 9
units were followed by reward, while histograms with a total height of
15 units were not. It was assumed that with respect to the dimensions or
features in terms of which the pigeons classified the stimuli, the central
tendency (in this case, both mean and mode) of each category would be,
respectively, three bars of three units each (3-3-3), and three bars of five
units each (5-5-5). These prototypical instances were not presented during
the training phase of the experiment, but were presented among a number
of transfer stimuli. Pearce argued that if differential responding to the two
kinds of histogram were mediated by comparison of each stimulus with
a prototype, then the pigeons’ discrimination performance would be maxi-
mal when they were presented with the prototypical stimuli. Specifically,
the birds were expected to peck the 3-3-3 slide vigorously, and to respond
little to the 5-5-5 slide. Pearce did not observe this pattern of results and
concluded that a stimulus generalization account may be appropriate.
However, even if Pearce had obtained the pattern of results he predicted
on the basis of the prototype view, it is not clear that an account in terms
of stimulus generalization could have been ruled out.

The predictions of the prototype and stimulus generalization views may
be harder to distinguish than originally thought. It is normally assumed
that if there are ‘exemplar effects’—if responding to transfer stimuli is a
function of their proximity to specific training stimuli—then the stimulus
generalization view is confirmed. Conversely, the occurrence of ‘prototype
effects’—responding to transfer stimuli as a function of their proximity to
the central tendency—is taken to support the prototype view. However,
there are two considerations that muddy the waters. First, whether a
stimulus generalization model generates exemplar or prototype effects
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depends on the precise details of the account {Nosofsky, 198? ; see Shepard,
Hovland and Jenkins, 1961 for a related analysm): Second, s?mple associat-
ijve networks may generate exemplar_effects without storing exe(r)nplars,
and prototype effects without computing prototypes (Shs.mks, 199 }1:, .

Thus, as a model of concepts to be us_ed_ in comparative researc t{ L 1e
prototype view has the weakness that it is not read_lly distinguisha (:
from stimulus generalization accounts, wh.lch do not 1nv0_lve. concepts a
all. This problem, which is a deficiency_wlth respec_t to criterion (3), mag
not be insuperable given a more precise formulation of the_ Fontraste
views, but there are independent reasons to doubt .t}lxeteu(t;lilttgrigi ;111);?

e view. Specifically, the prototype view may viola ]
ﬁr(:ri(;??ail to appliy to theyhuman categories DOG, TREE and PERSC;N.
The prototype view assumes that instances of a category cluster toget fer
in some feature space; in terms of some set of features, most members o e;
category are closer to the central tendency of that category th_an to the centra
tendencies of other categories. However, as we hope to show in the_.- pemal.nfier
of this section, the literature on pattern recogn.irion and computational vision
strongly suggests that this assumption is false in the case of human categoriz-
ation, and arguably also false for animal categorization.

The discussion so far has proceeded on the assumption that the featl{res
in terms of which the environment is perceived are known. In practice,
of course, not only do we not know what the rel('evant features are, ]Jut
we do not know what kind or level of features might be an a'pproprlate
basis for natural categorization in pigeons or any .other z.ammals. The
relevant features might be the kind of things to which a single cortical
cell responds (Hubel and Wiesel, 1962, 1968; Kuffler, 195?), or much more
complex aspects of the image or envimnn'.le‘nt. Com?aratlv? psychologflsts
studying categorization seldom state e;cphc:ty ‘h_o_w coarse’ they takg ea-
tures to be, but clearly a wide variety of possibilities has been entert‘amed.
For examp<e, Morgan et al. (1976) wonder whether the features that pigeons
use to discriminate ‘A’s from ‘2’s concern the presence or absence of an
apex, the number of vertical strokes, degree of curvature, and so on.
On the other hand, D’Amato and Van Sant (1988) suggest that mor_lkf:ys
discriminate between slides depicting a person and f;lides not depicting
a person using ’...conjoint features of red patc_h;’ammal’ (p.S?). le:arly
there is a considerable difference in the complexity of putative ‘apex and
‘animal’ features. ‘ .

The attraction of relatively low-level features is that neurophysiological
research is able to suggest appropriate primitives—for bexample, blobs,
edges, moving bars and the like; and that there is a considerable compu-
tational literature that indicates how such features might bg used in catego-
rization. However, this literature also suggests that theories of categoriz-
ation that are directly based on low-level featural representations are
fundamentally inadequate. Commenting on featural views of categoriz-
ation entertained in the 1950s and 1960s (Barlow, 1953; Kruskal, 1964),

Marr (1982, pp. 340-1) says:
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The hope was that you looked at the image, detected features on
it, and used the features you found to classify and hence recognize
what you were looking at. The approach is based on an assumption
which essentially says that useful classes of objects define convex
or nearly convex regions in some multidimensional feature space
where the dimensions correspond to the individual features meas-
ured. That is, the ‘same’ objects—members of a common class—
have more similar features than objects that are not the same. It’s
just not true, unfortunately, because the visual world is so com-
plex... Different lighting conditions produce radically different
images, as do different vantage points. Even in the very restricted
world of isolated, two-dimensional, hand-printed characters, it is
difficult to decide what a feature should be. Think of a 5 turning
into a 6—a corner disappears, a gap narrows. Almost no single
feature is necessary for any numeral. The visual descriptions neces-
sary to solve this problem have to be more complex and less
directly related to what we naturally think of as their represen-
tation as a string of motor strokes.

In the comparative literature optimism regarding the prospect of a satisfac-
tory featural analysis of category discrimination (e.g. Lubow, 1974) has
given way to a recognition that the variability and complexity of natural
stimuli makes a featural approach intractable (D’Amato and Van Sant,
1988; Fersen and Lea, 1990). However, as this passage from Marr indicates,
the problem may be more profound than is typically recognized by com-
parative psychologists. Not only natural stimuli, but also stimuli from
relatively simple artificial domains are too variable and too complex to
permit featural analysis. Where comparative psychologists anticipate that
featural analysis will be difficult, Marr argued that it will be impossible.
He suggested that two key tenets of the featural view must be abandoned.
First, the assumption that category instances cluster in feature space must
be given up. This rules out a prototype view of animal concepts. Second,
it must be recognized that a simple featural representation is inadequate
for the categorization of natural objects, and that complex, structured
descriptions, at a variety of levels, must be computed from the retinal
image.

One may be tempted to assume that Marr's critique, while valid for
low-level perceptual features, does not apply if we attribute the use of
high-level features (such as ‘animal’) to the categorizing individual. This
high-level approach has certainly been adopted by prototype theorists
investigating human concepts (e.g. Glass, Holyoak and Santa, 1979; Smith
and Medin, 1981). For example, the features underlying the human concept
BIRD are usually thought to be concerned with properties such as being
able to fly, having feathers, eating worms, building nests, laying eggs,
and the like (Glass et al., 1979). However, the assumption that high-level
features are in use has its own problems. First, the perception of candidate
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features seems' to be just as complex, and just as mug‘h in nfeecl Of, expla-
nation, as the concepts they are supposed to unde1_-l1e. ’Takmg.D P_;mato
and Van Sant’s (1988) example, it is not clear that”amma! detection is any
simpler than ‘person’ detection (though ‘red patch’ detection presuma_b]y is
much easier). If a concept such as ANIMAL.. can l:!e fr.eely assumed, wlthost
careful experimentation, then why is such 1mfres_t1gat1c.m necessary to esta -f
lish the target concept PERSON? Second, it is unlikely thgt cluster§d0
even high-level primitives will correspond to natural categories. Cons_l er
the case of trees described in terms of volumetric primitives (vano}t:s
classes of cylinder, cone, etc., which correspom.:[ to tru.nks,. tw1gs and the
like). What distinguishes trees from, say, a pile of kindling, is nothF }(:
presence or absence of particular features, but rather the way in whic

those features are arranged. As in the case of low-level analysis, a schema

ipti i imilari
‘or, in Marr’s terms, a structured description (over which a similarity

measure, which is required for a prototype view, cannot readily be
defined), rather than a simple feature list, is likely to be required. Al.thougz
these points were originally made in th.e context of.human perception an
categorization, they seem equally appllcabl.e to animals. N
In this section we have examined theories of concepts from cognftwti
psychology and found that they do not provide gpod leads for ar;u'nad
concepts research. The definitional and exemplar views cannot b.e Tee .
from their links with natural language and therefore fail on criterion (2);
they cannot be applied to nonlinguistic anirpa}s. The prototype view can
be formulated in perceptual rather than linguistic termsvbut since prototype
models are based on highly questionable assumptions regarding the
relationship between natural categories and perceptual feature cl_uste;rs,
and are difficult to distinguish empirically from st1mulu.s generahza_tlon
accounts of categorization performance, the prototype view has serwtlls
deficiences with respect to criteria (1) and (3); it appears neither to apply
to humans nor to permit experimental investigation or a.m_rrfal concepts.
Since none of the candidate internal structures'{deflmtlons, sets pf
exemplars and prototypes) meets criteria (1)~(3), animals cannot _be.- salc}
to have concepts on the grounds that they possess the same 1nterna.1
structures that underlie human concepts. Hence, it may be argugd that it
is simply obscurantist to ascribe concepts to amrnal_s, on the baS{s c:: any
empirical data, since there is no clear um:.ierstandmg of.w.hat is being
postulated. However, the possibility remains that what '1t is to ha_we a
particular concept, say TREE, is not a matter of possessing a particular
i al structure.
mf;!}l]'fel ‘functional’ approach to the study of anir.nal concepts seeks to
identify animal concepts behaviourally, by studying what animals can
learn to discriminate (Keller and Schoenfeld, 1950; Lea, 1984)‘. To pursue
this line, the comparative psychologist needs leads concerning wl}at is
required for an internal structure (of whatever sort) to bave a parqcu}ar
content; leads providing a common basis for the ascription qf. particular
concepts to animals and humans alike. To assess the feasibility of this
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strategy, we must turn from cognitive psychology to the philosophy of
representation and also to suggestions from within comparative psy-
chology itself.

3. The Content of Concepts: Leads from Philosophy?

3.1 Representation and Language: Failing on Criterion (2)

As with structure, many accounts of content are fundamentally bound
up with natural language, and cannot be directly appropriated by the
comparative psychologist to specify the content of animals’ internal rep-
resentations. For example, ‘meaning-as-use’ approaches to content are
typically taken to apply in principle only to external, public languages.
Equally, the ‘reference borrowing’ (Devitt and Sterelny, 1987) aspects of
the so-called ‘New Theories of Reference’ (Kripke, 1972; Putnam, 1975),
which concern the importance of causal chains between the current use
of a word and its original usage, the social character of meaning in
linguistic communities, and so on, necessarily apply only to language
users. These mismatches between much standard philosophy of represen-
tation and a notion of representation appropriate for animal concepts
research arise because natural languages are external to the agent, and
putative concepts are internal to the agent. But even to the extent that
philosophy applies to internal languages, there is still an apparent mis-
match with animal concepts research, which focuses on the content of
particular internal structures, not that of whole internal languages.

This difference of subject matter may or may not appear to pose serious
problems depending on one’s philosophical viewpoint. On the one hand,
it may be argued that the meaning of particular representational structures
may be ascertained independently of the system of representation (if any)
in which such structures are embedded. Accordingly, an understanding
of the meaning of whole languages is founded on an understanding of the
meanings of their parts; and the meaning of these parts can be determined
independently. From this perspective, it is appropriate to attempt to dis-
cover the concepts that animals have one by one, and, more specifically,
it may be possible to determine that an animal has a particular concept
without knowing much about the conceptual system in which that concept
may play a part.

On the other hand, there are those who see meaning as fundamentally
a property of languages, and who take the meaning of parts to be defined
only within the framework of the whole language (e.g. Davidson, 1984;
Quine, 1960; see Fodor and Lepore, 1992 for a critique). According to
such a view, the meaning of a particular mental representation cannot be
determined in vacuo but only as part of a system of representation. Hence,
it will not be possible to discover the content of a particular concept

without knowing about the animal’s entire conceptual system. (One might
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olistic positions, according to which meaning ?s
suggeséri;) r:;fe ;::‘;;'llt::tss i;f langu};ge, rather than entire languages, b].lt _thls
fvglr:l)g not substantially change our argument.) To incorporate thlls mtt.o
an empirical methodology for animal concepts research seems problema 1(:
in the extreme: the relatively modest goal of assessing whethgr amlma ;
have or can acquire particular concepts (P?BSON, FISH, "ljREE)hls rep aco.‘lf's
by the vast and intractable task of empln‘(:ally uncovering td e al:umfhe
entire conceptual scheme. Indeed, such a view appears to unf ermine e
notion of a concept as a free-standing entity, independent of a repres.te 4
ational system. For example, it is difficult to understand howlwe ci;ln ;
of two agents with different conceptual schemes as nonethe essl 959 2a)r1 IE
a particular concept (e.g. Dummett, 19'{’3; Fodor 'and Leporfl.-), t o
consequence, philosophers who ad?pt this perspective tend to et §ceip ;c; :
about concepts, not just on empirical gro.unds, but as a theolrgé}c)a Sc ot
struct, whether applied to people or an.lrn.als (e.g‘_ Qu*nt_e, t : t und
philosophers tend to argue that both ascriptions of linguistic cPoln en ca:) d
ascriptions of concepts must necessa'n.ly be mpgl_l and re.acly. _thenceeo 3
cepts are not seen as a basis for scientific analymsi in studying either p tfve
or animals. Thus, in looking for leads from philosophy the? cpmpa;ath :
researcher is looking for theories of content that are not holistic, an a
do not make ineliminable reference to external .natural .lang.uag& )

There are a range of suggestions from the ph{losoph.lcal.l1tfera:)1:re c;)n-
cerning how individual concepts can be fixed without ineliminable re ir
ence either to each other or to entire conceptual schemes. For Exallll‘l.p ,j;
Peacocke (e.g. 1989) develops an account based on an attempt to spen gm
the ‘possession conditions’ for a concept; Benne.tt (1976) aims to spe :
what it is to ‘register’ a property, as a foundation ‘for having a;lconcep_.
Rather than attempting to survey a full range of options, we sha (Eon;::erll
trate on a recent and popular line of attack, \i\rhzch meshes pamcuhary
well with the experimental methodology of ar‘umal concepts gt;s'e[e;rcte;:.
This approach, ‘informational semantics’ (Barwise and Perry, 19 }; ;‘e sm:
1981; Fodor, 1987; Israel and Perry, 1987), matches the approach o fcoer-
parative psychologists by attempting. to gro_und F:(?r}cepts in terms of p
ceptual discrimination, rather than linguistic abilities.

3.2 Perceptual Accounts of Concepts: Failing on Criterion (1)

. The Correlational View .
iezt 1usTt'lz-:kecour starting point not from philosophy, but from compgra:kllvi
psychology itself. The simplest perceptual account pf concepts is fm:ln
possessing a concept consists in being able to discriminate 1n5tancesd -
noninstances of that concept. It is this posmon.that appears to un (-31't
the use of the discrimination learning par‘adlgm in animal conc«te_p s
research. Lea (1984), accepting that a concept is an internal representat _10;1
while remaining agnostic about the structure of that representation,
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expresses this view succinctly. He suggests that an individual with a
concept “...has some unique mental structure which is active when and
only when an instance of that concept is present in the external, physical

ment’ (p.270). According to this view, having the X concept is simply a
matter of being able perceptually to discriminate X’s from non-X's; and
such discrimination abilities are just what paradigmatic animal concept
experiments aim to test. This ‘correlational’ account of what it is to have
a concept has a counterpart in philosophy as what Fodor (1987, 1990) calls
the ‘crude causal theory’ of meaning. It is also closely related to Dretske’s
(1981) proposal that conceptual structures carry the information that is
their content in “digital’ form.

For all its appeal to the comparative psychologist, this view, in its bare
form at least, is inapplicable to human concepts, thus violating criterion
(1). Furthermore, refinements made within informational semantics and
designed to meet criterion (1) are fraught with problems. In particular,
many recent proposals involve recourse to considerations beyond the scope
of experimental investigation, and therefore, at best, fulfilment of criterion

(1) is purchased at the expense of criterion (3). Let us consider these points
in turn.

3.2.2 The Problem of Error

The problem with the correlational view as an account of human concepts
is not hard to find. It is unable to account for a ubiquitous aspect of
categorization: error. With respect to everyday categories such as fish, tree
and person, human judgment is notoriously fallible. Strolling home on a
moonless night, it is not uncommon to mistake pillarboxes, trees or dust-
bins for lurking strangers. Similarly, any person who is visible, but perhaps
very still or in a dark corner, may be overlooked as a pattern in the
shadows or even mistaken for a tree. In view of these false negative and
false positive errors, there could not be a mental structure that is active
when and only when a person is in the ‘external, physical environment’
(Lea, 1984, p. 270). Any mental structure that might be a candidate ‘person
detector’, according to Lea’s view, will in fact only be activated by people
who are not, say, in camouflage gear or in bizzare fancy dress, who are
nearby, in good light, at least reasonably close to foveal vision, and so
on.

As Fodor (1987) points out, the programme of informational semantics
in philosophy is concerned with attempting to patch up such problems
with correlational accounts. A number of proposals have been made (e.g.
Chater, 1989; Fodor, 1987, 1990; Papineau, 1987; Stampe, 1977) but none
are widely considered to be satisfactory (see Godfrey-Smith, 1989 for a
review). Rather than attempting to survey the range of possible responses,
we will consider here just one suggestion from philosophy about how the
problem of error can be met (Fodor, 1984). This suggestion has been
chosen because it is one that may also naturally occur to psychologists,
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It may seem from our ‘moonless night’ illustration above that t:e proi;:
lem of error crops up only when stimulus exposure occurs un ell' fsu
imal conditions, and that if some way of distinguishing optimal from
0I:)tlmatimatl conditions could be found, the problem of error could be
SUb'-él)Pd This, however, is not the case. Consider as an exam_ple the
avoi‘ o In that’ commonly occurs at night between a star and the.llg_hts of
e uSlOIt might be argued that this confusion does not necessarily 1n:nply
ahpiart.l:;ere can be no mental structure that is a PLA!\IE concept, since
;]:nes are only confused in this way w!-len they are v1e.wed frl(:rn : ::lc;r(;-
iderable distance and in the dark. In optimal conditions, it may be a % % i
fllle activation of the relevant mental structure would correlate pefdec y
with the presence of planes. Since this n_otl_on of optlmalﬁg{q ;:vou éeo?
his line of argument, underpin the ascription of the PL con_tp_,
:-ather than the PLANE OR STAR ON A DARK NIGHT ,c'.:mCEPtft 1{[ i llls;
essential that it be possible to specify what are optimal condltlolr;a;[;a;.rlforce~
presupposing the identity of the concept. However, as Fodor ( i
fully points out, the notion of optimal viewing ?ondl.tmns is inescap : gr
relative to the concept concerned. Applying th_ls point to 01:? exagrl'::e;
while daytime is optimal, and nighttime sub-optimal, for.' detecting p Seé
nighttime is optimal for detecting Plangs or stars (smc.e you ;:ax;ome
instances of both at night), and daytime is sv..lb—optlmal (smcle on yl me
instances—planes—are visible). Thus, according to the corre atlon; t}?in
ition, concepts are defined in such a way that there can bt.E nohsmtr; b thg
as ‘getting it wrong’. Since the content qf theAconcePt is whatev R
activity of the mental structure correlates w1th,'m'1sclasmﬁcat10n is methat
ible. The optimality response to this pr{‘)bl‘em is just one of a r;un: e:ons.
try to allow for error by attempting to dls'tmgmsh two kinds of situati .
one kind in which performance determines what content the rﬁpreiiend
tation has, and hence what concept it corresponds to; a.nd a;’not‘]er i
that is ‘nonoptimal’ (Fodor, 1984; Stampg, ].977), or f)utmde the el-:’u:'r‘::J tg
period’ (Dretske, 1981). In all such cases it is very dlfﬁcu.lt tcl) see ho
define the distinction between the two c%asses in a noncircu ard?}r?y. e
It may be, of course, that a philosophical S{.)lufl()rl to thefse di mlé[ .
can be found—indeed the project of infDI’n‘latIOl.'la]: semantics is ‘“;e : e
to the hope that it can. But could a more spphlstlcated and ?atms aci?il;y]'
theory of content be tied to some alternative programme 3 _empl:ious
investigation? Certainly, Fodor’s (1987, 199,0) most recent an 1cr;gece’ >
suggestion, relying on what he calls the. asymmetr}cal clep:an en ke
counterfactuals underwriting recognition in ‘error‘less versus en:ori -
ant’ situations, and Dretske’s (1988) attempt relymg on t_eleol}c:glca ci(; "
siderations, appear to put content ascription Entlr&?ly outs?ge :he purve Y
of experimental paradigms (although not necessarily outsi fe e ?nglves
empirical investigation). Another response to the problen?t of error 1dn i
the assertion that certain properties ‘carve nature at the joints” and o %
do not; the former are more ‘eligible’ for reference (this suggestlljclm asf
been advocated by Lewis (1984) in a broader context). The problem o
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error would be solved if it could be shown that the ‘intended’ concept is
eligible, and that the unwanted alternatives that we have discussed are
not eligible. But it seems that we have done no more than relabel the
original problem, so that the problem of error is recast as the problem of
specifying the difference between eligible and non-eligible referents. In
the absence of an account of eligibility, this line does not appear to offer
a useful lead to comparative psychologists plagued by the problem of
error.

It may seem that these philosophical problems stem from an unnecess-
arily precise interpretation of the correlational view. Perhaps the correlation
may simply be imperfect. An animal may have the concept X if it has
some mental structure which is active ‘more often when’ X is present in
the external environment than ‘when it is not’ (Lea, personal
communication). If this looser correlational view were acceptable, there
could be little doubt on the basis of current evidence that animals can
learn concepts of PERSON, FISH, TREE and so on, simply in virtue of
their showing above-chance transfer performance. However, this view
cannot be accepted since it entails extreme profligacy in content ascription.
Consider the range of properties P that correlate imperfectly with the
performance of an animal discriminating slides containing a person from
slides not containing a person. These properties might include pinkness,
puffiness, height, hairiness and so on. If in each case the property correlates
positively with discrimination behaviour, then the animal must be
ascribed the corresponding concept P. If the property correlates negatively,
then the animal must be ascribed the concept NOT-P. Only if discrimi-
nation performance has precisely zero correlation with a property P will
neither P nor its negation be ascribed. One might tighten the looser
version of the correlational view by introducing a threshold value for the
correlation. However, any cutoff point short of 1 (the precise correlational
view) would reduce but not eliminate this profligacy.

Rather than attempting to solve the problem of error, perhaps we should
simply embrace its premise, and accept that discrimination performance
is, in a certain sense, error free. Thus we might accept that the content
of a mental structure is, by definition, the precise external correlate of its
activation; that the content of a concept can simply be identified with its
perceptual base. Suppose, for example, that it has been discovered that
in a ‘person’ discrimination task, monkeys are actually responding to some
complex structural property of the image. They might respond positively
when presented with any stimulus containing one set of contour relation-
ships, hues and so on, whose instances usually look, to the human eye,
like a person. Indeed, we may label, after Fodor (1990), the relevant complex
constellation of properties of the stimulus ‘that-persony-look’.

If we accept the view that discrimination is error free, then, in this case,
the animal cannot be ascribed the concept PERSON but only the conjunc-
tive and disjunctive concept the shorthand for which is THAT-PERSONY-
LOOK. This state of affairs may be judged unsatisfactory or disappointing
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i ion that animals might be able to acquire
. we‘:s osfutc:e aesat"'}")lilg;?%cl?;c’:nd PERSON (Herinstein and Loveland,
C{;sz{ermstein et al., 1976; Herrnstein and de Villiers, 1980). Purt?\ermor_e,
ilf th;z same account of concepts is applied to people as for amtma:)lzsilsr;
line with criterion (2), then we must accept that people too cannot p
EE, FISH or PERSON, thus violating criterion (1). After a!l, humans can
:‘::o k;e fooled. It is only because one has been told about D_llsneyland, and
1d that Abraham Lincoln is dead, that one does not take hl_s automaton t.o
:30 erson. It is only because one has been told that Mickey Mouse is
ef'ar:}'::ent of Walt Disney’s imagination that one takejs the leafler of tvhe
I ‘lge land parade to be a person. An individual without this ?pe(:iﬁc
D;ksar-‘cgltural information may well be misled, as are monkeys (D’Amato
; d Van Sant, 1988), by cases similar to these. Using the; same afgun_'\e'nt
?lfllat we used ’for the monkey, it follows that a human without this trivial
and specific information is re;ggggi;]g to, or has the concept, THAT-
- rather than '
Pﬁisgngsgggf we have seen that far frorq provic_ling usef.ul lefads fﬂf
comparative researchers, a consideration of philosophical theor:iesf o bme::kr:e
ing or representation indicates that their current strategy for e.lnmg -
content of animal concepts is deeply proble;nahc. \f\Ie have revlewte ne
weaknesses of the correlational approach using _Lea s (1984) accott;ln lfa\t_z ”
example, but the strategy is used, usually 1rn_pl1c1tly, throughcl)ut_ ; e :1 )
ture on animal concepts and beyond. Behaviour analysts apply 1 1?98;) -
ing concepts as ‘equivalence classes’ (e.g. Bhatt and Wass?.qun, e
as ‘uncommon generalization classes’ (Stemmer, 1980). A bll’l;: ir P -
also appears to be implicit in Gibson’s (e.g. 197?) mf:’por:i t §the}r;.ryhe 1{
categories corresponding to affordances may‘be 1dent1ﬁe‘ wi 1gma
order invariants’ of the perceptual array, to which the perceiver mhay or se 0);
not be appropriately ‘attuned’. Whatever th_e general merits or (f)t erwi b
the behaviour analytic and Gibsonian projects, as accounts o clotnl-(l:ep .1‘13 :
content they are no more likely to succeed than other correlational theories.

4. Do Alternative Methodologies Fare Better?

4.1 Introduction

We conclude, on the basis of the foregoing survey, _that _cqrrent_ly t{\eﬁz ‘:2
no adequate theoretical basis for the cliu.m the:_:i:l?lr;l:.r\g:;st;z Et‘ﬂ::.:;-, s; -
i neral, or any one concept in pa . -

‘t:ﬁ::: Efzilmnsgdeo not’make ysense. It may bg argued, however, that our liogusl
has been too narrow, and that alternative approaches to the emplli'lac\e:e
investigation of animal concepts can overcome the pmbl.ems. v;ﬁ .
raised. In this section we shall consider two such altemaufves. e tli .
(4.3) raises the possibility that the trac_lltwna.l methods o _cc;mg:;rcae .
psychology can be used to ascribe relational, if not categorical, P
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to animals. The second (4.4) seeks to ascribe categorical concepts to animals
through observing their behaviour under free-living conditions. Both
approaches have been pursued, in part, using animals that communicate
in an apparently linguistic manner; animals that have been trained
(successfully or otherwise) to use language or that seem Spontaneously to
use the rudiments of a language. In view of this, we will begin the section
by discussing animal language.

4.2 Animal Language

We started this paper with the reflection that the apparently close connec-
tion between human concepts and human language raises problems for
accounts of animal concepts. In the subsequent discussion, we have argued
that consideration of human cognitive psychology and philosophy does

between animal and human to which we have appealed is the difference
between language users and non-language users, and this suggests that

unfulfilling conclusion looms: that animals can be coherently ascribed
concepts if they have language, and that whether or not animals have or
can acquire language is somebody else’s problem. However, there are two
caveats which makes this conclusion considerably less bland.

These theories assume that concepts (TABLE, PERSON, PERSON WITH
RED HAIR) correspond to properties (the property of being a table, a
person, a person with red hair), and that in natural language properties
are represented by predicate expressions (‘is a table’, ‘is a person’, ‘is a
person with red hair’). This implies that animals would come within the
scope of these theories only if they use predicate expressions—that is, if

i

and even if they were present in the behaviour of all ‘language-trained’
animals, we would still only have a handful of creatures—several apes, a
few marine mammals and a parrot (e. 8- Herman, Richards and Wolz, 1984;
Pepperberg, 1988; Savage-Rumbaugh, McDonald, Sevcik, Hopkins and
Rubert, 1986) to which concepts could, in principle, be ascribed.

Second, identifying which concepts a language using animal might have
is much more difficult than in the human case. If the language is taught,
and it is a human natural language or has been devised by the exper-
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i i me that the meaning of
i there is a natural temptation to assu :
Hnenhl?r:e of the language used by the animal is the same as the meamrl1g
e formulae for the experimenter. However, the fact t‘hat, for. example,
o thosi)er ‘s (1988) parrot Alex produces and reacts cl1f1"erent1ally }t,o a
PERE:; of sgounds corresponding to English words, does nof imply anything
vari . Engl
meaning of Alex’s vocalizations. . o
ablslu;gtlgeless witghin particular restricted doma.uns at least it might appelaer
thatothe content of animal utterances can be pu_}};\t‘er((:l) d;;ﬁtgorn?asr:% n,
! ! NE , a .
i the case of ‘number’ concepts—O , i
Cotnfsi:-(:t‘3 II:)IUSh it might seem that these are stralghtfon_vard]y ev1c}encaed }i;;
31(3 ability to count (Seibt, 1982; Thorpe, 195_6), a_rv.i:l1 since seﬁeralisin:::ta t(;
i i taught to count, it might seem chur
i v oo izati 1 ns two, and that the concept
t Alex’s ‘two’ vocalization really mea ,an ;
;ﬁi’egtcg;abe justly ascribed to him. However, from within the compa'\;a:;l\:
literature (Gelman and Gallistel, 1978) there has been the den_'l?ln i
riumber concepts be applied only to agents thi:pt\r ca;\'n pte:}florr; ;Tn Srgation
oo T ithout the de
ions: tion, multiplication, and so on. Wi
e Vi : it i d, Alex’s number utterances, for
iti t is argued, Alex's n
of such additional competence, i ‘ A
i hness of human number c P
le, simply do not capture the ric umb
ffx E:Il‘lllg ?ine is ¥ollowed, it is difficult to know what criteria woultd :i
tisfactory for translating Alex's number utterances'. There appear? oh ;
SE:) reason to stop at demanding simple arithmet]cal1 operatlons, g‘guf‘o
a ili i ers, m
i bility to deal with the real numbers,
about fractions, percentages, a : e S
i i ike? Thus, even in the prescribed doma _ ers,
arithmetic, and the like? p ' ; 0 s e
i i ix cri for interpreting putatively ling
i xtremely difficult to fix criteria : _
:ttl:r:nces A¥tempting to interpret animal utterances outside such clear
’ . . . .ll-
s will surely be more difficult stil , o
Cu;t airsezie.'mpting toyview ‘language-training’ as a meastlflirlngh 135tﬁu;§::gt
i imal, and its conspecifics, had a
that reveals concepts the trained animal, : i
iffi ; 1987a). However, if our argumen 7
(Griffin, 1976; Pepperberg, ‘ mmEmsme wliS
i i i i oses, wrongly,
this view is misleading because it presupp : W B B
i be for a nonlinguistic animal to .
some sense of what it would ] _ gk ki
i to provide this sense, the claim _
concept. Without a theory . : e
i trained is no more substa
had concepts before it was language ity
i i ial to be language trained be
the claim that it had the potentia ed £ o
i i iew, that language training perm
language trained. A contrasting view, SEE Do
i ire - ts (Premack, 1983), is similarly p
animal to acquire “abstract’ concep b el proe
i i Id be for a nonlinguistic anim
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4.3 Relational Concepts

In addition to studies of categorical concept formation, comparative psy-
chologists have used similar methods to investigate the possibility that
animals can acquire ‘relational’ concepts, such as SAME and DIFFERENT,
NOVEL and FAMILIAR. We have concentrated so far on work aimed at
studying categorical concepts because it is in this context that comparative
psychologists have used ‘concepts’ terminology most consistently and
deliberately. While experiments on category discrimination are commonly
assumed to have the potential to reveal the extent to which animals can
acquire representations with the same structure and content as those of
humans, same—different or novelty—familiarity discrimination exper-
iments are more often designed to test theories of recognition memo
elaborated primarily through research on animals (e.g. MacPhail, 1980;
MacPhail and Reilly, 1989; Santiago and Wright, 1984; Todd and Mackin-
tosh, 1990). It may be argued, however, that in ignoring studies of relational
property discrimination we have ignored some of the most important and
persuasive evidence that animals have concepts. Perhaps those who study
relational concept learning are less concerned about content ascription
because, for them, it is a problem solved.

A standard criterion for the attribution of the concept SAME is ‘transfer
of matching’. Each trial in a matching task involves the presentation of at
least three stimuli, a conditional cue or ‘sample’ (e.g. a red light) and two
choice stimuli (e.g. a red light and a green light); the animal is rewarded
if it selects, by pecking, pointing or touching, the choice stimulus that
matches the sample. Transfer of matching is said to have occurred when
this training facilitates the solution of a new matching problem (e.g.
horizontal versus vertical stripes), measured in terms of first trial accuracy
or number of trials to achieve criterion performance (D’Amato, Salmon
and Columbo, 1985; Herman and Gordon, 1974; Mackintosh, Wilson and
Boakes, 1985; Thomas and Noble, 1988; Zentall and Hogan, 1976, 1978).

The interpretation of such results is difficult, however. Although transfer
may be obtained for some pairs of matching problems, there will be many
cases in which transfer is not observed. To take an extreme example,
suppose that the stimuli are clusters of varying numbers of dots, and that
the same/different dimension is whether the number of dots in a cluster
is even or odd (or prime versus not prime, square versus not square, or
any other partition of the integers). Alternatively, the stimuli might consist
of line drawings corresponding to right-way-up versus upside-down let-
ters of the alphabet. In both cases, it seems that to the extent that the
transfer problem can be solved by an animal at all, responses must be
learned by rote, since animals simply do not have the relevant knowledge
(of the properties of numbers, or of the letters of the alphabet) with which
to distinguish the relevant same/different property. In consequence, there
should be no saving in virtue of training on the original problem. Thus,

there will be formally identical problems (which should bear equally
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The results of such experiments are indeed impressive, but it is not at |
all clear how they serve to reduce the indeterminacy found in the transfer -
of matching experiments. Since we cannot take the English translation of
Alex’s utterances at face value, then these apparently linguistic responses .
must be treated as uninterpreted responses for the purposes of experimen- |
tal analysis. Let us, then, reconsider Alex’s behaviour with the ‘words’ of

trainer and parrot replaced by arbitrary symbols: Alex is shown two objects

that differ in colour, shape or material, and the trainer says either ‘A’ or

‘B’. In response to ‘A’, Alex responds by uttering ‘X’ when the objects

differ in colour, ‘Y’ when they differ in shape and ‘Z’ when they differ |

in material. In response to ‘B’, Alex responds by uttering ‘X’ when the
objects are the same colour, ‘Y’ when they are the same shape and ‘Z’
when they are made of the same material. Although Alex’s differential
responding to ‘A’ and ‘B’ may be taken to indicate that he has the concepts
SAME and DIFFERENT, it is also consistent with the ascription of the
concept pairs TWO and ONE, DOUBLE and SINGLE, DUPLICATED and
NOT DUPLICATED. Similarly, his pattern of, for example ‘Z’ responses,
could be regarded as evidence that he has the concept MATERIAL, but
by the same token it may warrant ascription of concepts such as TEXTURE,
RIGIDITY, SMOOTHNESS, SCINTILLATION or, since Alex is often
rewarded with the opportunity to sink his beak into one of the stimuli,
WARMTH, SMELL, FLAVOUR or SUSCEPTIBILITY TO SWIFT DESTRUC-
TION. Yes, some of these possibilities could be distinguished empirically
with relative ease, but there is no more reason in this case than in the
case of categorical concepts to suppose that success in the first few battles
would predict ultimate victory. As many investigators of ‘relational con-
cepts” would happily acknowledge, research of this kind can and does

provide information about discrimination, but not about concepts. That
is, it enables humans to define an animal’s competence in a way that
allows us to formulate and test theories relating to its perceptual and

learning processes. However, like research on categorical concepts, it does

not indicate how, if at all, the animal defines or conceives of the stimuli

to which it is exposed.

4.4 Back to Nature

So far reference has been made only to studies of animal concepts conduc-
ted within the tradition of comparative psychology, a tradition which
descends from the work of Pavlov (1927) and Thorndike (1898), and assigns
considerable value to precise control and systematic manipulation of exper-
imental variables in the investigation of animal learning and cognition.
The control is typically achieved, as the cited studies illustrate, by examin-
ing the behaviour of socially isolated members of a limited range of species
(primarily rats, pigeons and monkeys), in a standard apparatus (the operant
chamber or Skinner box), and in relation to objects or events that are not
designed to resemble those that the animals might encounter in their
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with particular content to vervets. There may be some minor uncertainty |

resulting, for example, from the fact that vervets have been observed
giving the first call in the presence of lions, hyaenas, cheetahs, and jackals,
as well as leopards, but, so the argument goes, this uncertainty could be
reduced, and other more bizarre hypotheses about the content of the

that elicit the calls, the leopard is the only one that is known to prey on
vervets in areas like Amboseli National Park, where their vervets live,
This fact leads them to the plausible hypothesis that the function of the
call is to defend against predation by leopards. However, this kind" of
functional argument is not persuasive. What is to prevent us from suggest-
ing that Seyfarth and Cheney have established no more than the possibility
that the call functions as a defence against AMBOSELI LEOPARDS,
AMBOSELI LEOPARDS IN THE 1980s or AMBOSELI LEOPARDS IN THE
1980s THAT WOULD FIND VERVETS TASTY?

It is widely assumed that the answer to this question is ‘evolution’; that
animals can be ascribed concepts, at least in the case of ‘natural’ behaviour,
through an appeal not just to the function of the behaviour, but to its
adaptive, or ‘Proper’, function (Millikan, 1984, 1986, 1990). If there is good
reason to believe that the vervets’ alarm call is an adaptation for defence
against leopards, then, so the argument goes, the buck has stopped and
the vervets can be satisfactorily ascribed the concept LEOPARD. But evol-
utionary theory itself has problems with adaptation, of just the same kind
as psychology has with concepts (Dennett, 1983): the question of whether
knowledge should be understood in terms of concepts is mirrored in the
question of whether evolution should be understood in terms of adap-
tations (Gould and Lewontin, 1984; Saunder , 1988). The question of
whether concepts can be identified perceptually and/or with reference to

’

utionists are denying that the current function of an attribute is a reliable
indicator of its adaptive significance; of what, if anything, it is an adap-
tation to (Gould and Vrba, 1982; Hailman, 1988; Kitcher, 1985).

The critical problems arise out of the necessity to find out about history.
A phenotypic attribute is an adaptation with respect to a particular function
only if it was the fulfilment of that function which resulted in the retention
of the attribute through natural selection. Therefore, in most cases, includ-
ing presumably that of the vervets’ ‘leopard’ alarm call, hypotheses con-
cerning adaptive function cannot be tested at all, let alone tested rigorously,
because the necessary information about past conditions and events is
lost in the mists of time. It is possible to make empirical headway in
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that they can be used in the same way in discussion of humans and |

animals, and we have argued that ‘concept’ is not such a term.

Before drawing final conclusions let us consider the possibility that our
analysis has been fundamentally misguided; that we have somehow mis- |

sed the point of animal concepts research. According to one authoritative

reviewer, our analysis is invalid because it mistakes the purpose of animal
concepts research, which is to answer two principal questions: (a) Can |
animals discriminate stimulus categories that are based on human con- |
cepts? and (b) If so, do they use concepts that are in any way like human |

concepts to do so? The simplest reading of (a) must be incorrect because ]

it would have been satisfactorily answered, and in the affirmative, by the |

first experiment indicating that animals show transfer with ‘natural’ stim-

uli. Under a different and stricter interpretation, (a) asks whether animals |

are better able to discriminate categories based on human concepts than

pseudocategories—arbitrary groupings of the same stimuli. Recent exper- |
iments have shown that this is indeed the case (e.g. Wasserman, Kiedinger |
and Bhatt, 1988), but the observation of such pseudocategory effects could |
hardly have been the aim of decades of animal concepts research since |

they were predictable from the existence of transfer effects. After all, to
the extent that an animal is able to generalize from instances that it has
encountered to instances that it has not, it should equally well be able to
generalize, during training, between instances that it has so far learned
and instances that it has yet to learn. That is, when the training set is a
category rather than a pseudocategory (where there will be less transfer
to new items) there will be transfer within the training set itself, leading
to faster learning. The only remaining interpretation of (a) is as a question
about what categorization results from discrimination training. But this
is just the question which we have assumed to be central: What is the
content of animal concepts? Consideration of question (b), which asks
whether animal and human concepts are the same, supports this interpret-
ation. If they could establish the content of animal concepts, researchers
would like to find out whether thé internal structures or mechanisms
underlying those concepts are the same as those in humans. This is just
the question at issue in our discussion of theories of conceptual structure.
It may seem that our conclusion that concepts can be ascribed only to
language-users implies radical, and perhaps implausible cognitive dis-
continuities both in evolutionary and developmental terms. Certainly the
thrust of much comparative research, across the behaviour analysis and
animal cognition divide, has attempted to find continuities between the
psychological processes of nonlinguistic animals and humans. Equally,
developmental psychology is concerned to view the cognitive psychology
of prelinguistic infants in the same theoretical terms as the cognitive
psychology of linguistically competent adults. Hence, from both these
perspectives, the postulation of such a discontinuity would go against the
grain. However, this conclusion does not follow from our arguments, and

explaining why provides a useful vehicle to draw together the main strands
of the paper.
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of animal representations, but that progress can be achieved in so far as

commitments concerning representational content are minimized. The way
in which such commitments are routinely minimized may be exemplified
with reference to a standard conditioned suppression procedure. Much of

contemporary learning theory has been developed using this procedure,

in which an animal in an operant chamber is exposed to a contingency

. . . &
between two stimuli such as a tone and an electric shock. As a consequence

of this exposure, presentation of the tone results in a reduction or sup-

pression of the animal’s ongoing activity, and the animal is said to have

formed an association between a representation of the stimulus and a

representation of the reinforcer (Dickinson, 1980). Such an account does
not characterize the content of the animal’s mental state in the presence |
of either the tone or shock. It does not specify whether the content of the |
representation is ‘tone present’, ‘high-pitched tone present’, ‘high-pitched |
tone inside chamber’, or ‘it’s that bloody noise again!’. Mutatis mutandis
for the shock. Rather, the conventional terminology assumes, minimally,
and with clear empirical justification, that whatever the content of the -
rat’s mental representations, they are different when the tone is and is |
not sounded, and when the shock is and is not applied. It is symptomatic
of this high level of generality that the long-standing debate in comparative
psychology regarding ‘what is learned’ has concerned, not task-specific |
content, but the question of whether animals acquire a stimulus-response

or stimulus-reinforcer association.

The same point is exemplified at the other end of a methodological
spectrum in some recent research in cognitive ethology. Some investi-
gations of animal intentionality have quite deliberately rejected the mini-
malist approach and have consequently encountered serious problems.
For example, studies of deception in primates (Whiten and Byrne, 1988)
involve the ascription of specific beliefs—such as ‘that animal does not
believe that I am here’ or ‘that animal believes falsely that I want to groom
her'—the contents of which are radically underdetermined (Danto, 1988;
Heyes, 1987, 1988, 1993; Humphrey, 1988; Mitchell, 1988; Thomas, 1988).
Other studies of animal intentionality, with more modest aims (Dickinson,
1989; Heyes and Dickinson, 1990), both exemplify the problem and suggest
that limited progress may nonetheless be possible. These experiments
were originally based on the plausible assumption that thirsty rats would
have a desire that could be satisfied by drinking sucrose solution. Thus,
the object of this desire could be very general—perhaps ‘fluid’, ‘thirst-
quenching fluid’ or ‘watery stuff’. The discovery that thirsty rats did not
preferentially make a response that had, in the past, earned them sucrose
solution rather than dry food pellets, cast doubt on this assumption about
the content of the rats’ desires. This finding might have indicated either
that the rats did not have a desire at all, that they had a more specific
desire, perhaps for water, or that they did desire, say, thirst-quenching
fluid, but did not believe that sucrose solution is a thirst-quenching fluid.
Dickinson selected the latter explanation, having shown that thirsty rats
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f drinking sucrose solution when thirsty d;d,
¢ the sucrose producing response. Thus, th;: clax;ntt:\;t ltr}:ﬁi:;\;:;: ::
i i i ite the fact that the 1 -
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s'lanation was rejected, and that the precise content of the rats
desires was never identified.
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