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Abstract A model of “distributed cognition” is con-
trasted with the “mental representation” model exempli-
fied by Tomasello and Call’s Primate Cognition. Rather
than using behavior as a basis for inferences to invisible
mental events such as intentions, the distributed approach
treats communicative interactions as, themselves, directly
observable cognitive events. Similar to a Vygotskian ap-
proach, this model characterizes cognition as “co-con-
structed” by the participants. This approach is thus partic-
ularly suitable for studying primates (including humans),
whose reliance on multiparty negotiations can undermine
the researcher’s ability to extrapolate from observable
outcomes back to individual intentions. Detailed (e.g.,
frame-by-frame) analyses of such interactions reveal
cross-species differences in the relevant media of infor-
mation flow (e.g., behavioral coordination, relative gaze)
aswell asin the flexibility and complexity of the trajecto-
ries observed. Plus, with its focus on dynamics, the dis-
tributed approach is especially useful for modeling devel-
opmental and evolutionary processes. In discussing encul-
turation and the ontogeny of imitation, its emphasis is
on changes in how expert and novice participate in such
events, rather than how either may represent them.
Primate cognitive evolution is seen as involving changes
in context sensitivity, multi-tasking, and the coordination
of social attention. Humans in particular — in, especially,
the context of teaching — are seen as having specialized in
linking co-perception with the refined sensory-motor co-
ordination that enables them to translate observed behav-
ior into strategically similar action. Highlighting the con-
tinuity between human and nonhuman development, this
promising, complementary model enables us to tap the
richness of micro-ethology as a cognitive science.
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Introduction

In the Introduction of their excellent recent book, Primate
Cognition (Tomasello and Call 1997; for a review, see
Whiten 1998), the authors maintain that one “defining
characteristic of cognitive processesis some form of men-
tal representation” (p. 10, italicstheirs). Here they voice a
fundamental premise of what | will call the “mental repre-
sentation” (or MR) model of cognition. In their thoughtful
application of this model to a huge corpus of research,
Tomasello and Call (hereafter T& C) generate a compre-
hensive and largely coherent account of our current knowl-
edge base on cognition in honhuman primates. Based on
thismodel they infer, for example, that these animalsform
mental representations of their physical environments,
their conspecifics, and their strategies for foraging and so-
cia interaction. T&C's book not only brings a unifying
framework to some 60 years of disparate research, but the
resulting interpretations facilitate comparison with studies
of human cognition. By the same token, however, T&C's
use of the MR model subjects their efforts to a set of the-
oretical and practical difficulties that are increasingly be-
ing recognized as plaguing the human work done from
this perspective.

In recent years, akind of “paradigm shift” (Kuhn 1962)
has been taking place in the study of human cognition.
Some researchers, especialy those interested in cognitive
development, have turned from models that focus on in-
ternal mental representations to ones that see cognition as
amore distributed process —i.e., a process that occurs not
just within but also between individuals (e.g., Rogoff and
Lave 1984; Wertsch 1985a; Lave 1988; Rogoff 1990;
Resnick et al. 1991; Salomon 1993; Wosniak and Fischer
1993; Hutchins 19954). In this view, cognition is ex-
panded from an individual enterprise to a distributed ac-
tivity that involves a variety of socio-cultural elements,
including the behavior of multipleindividuals, their use of
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objects, and their shared histories. (see D’ Andrade 1980;
Cole 1985; Wertsch 1985b). In such a model, the units of
analysis are typicaly not mental structures in individual
minds, but “real-time” interactions between the various
participants and their environments. That is, while not
denying that internal processes are involved, the observ-
able group processes that occur during social learning and
discourse are, themselves, taken as a form of cognition.
By tracking patterns of change through such manifest dy-
namical systems, the analyst can, for instance, chart infor-
mation flow, characterize task complexity, and document
developments in the roles of participants. Plus, with its
emphasis on change over time, this approach is optimal
for modeling ontological and evolutionary development.
Given that the latter, as we shall see below, are particu-
larly problematic for MR models to handle, distributed
models offer a promising, complementary aternative.

In this paper, | will first describe the main features of
the distributed approach and then apply such a model to
many of the same data and issues T&C address in their
book. Hopefully, this exercise will accomplish two things.
For one, as a kind of meta-analysis of theoretical model-
ing, it may illustrate how a change in perspective can
throw different aspects of the data into relief, and impact
on both the hypotheses and the explanations that are gen-
erated. Such a comparative approach can aso help demon-
strate the inherent strengths and limitations of each
model, which may, in turn, enable other researchersto de-
cide which model best suits their research goals. My sec-
ond aim, then, is to provide a coherent overview of the
distributed model, in the hopes that it will be adopted by
some investigators and may ultimately prove useful in ad-
vancing the study of primate, and other animal, cognition.

Models of distributed cognition

A fundamental assumption of the distributed approach is
that communication, itself, is a “cognitive” process (see
Bateson 1972, 1979; Bruner 1990). Cognition can be
broadly defined as the flow of information through a sys-
tem. Cognitive analyses can thus be performed on infor-
mational trajectories through any number of communica-
tive systems. For example, researchers might assess the
relative timing and distribution of electro-chemical inter-
actions in the brain, the growth and reorganization of a
complex knowledge base, or the social discourse between
motivated, discriminating, and reactive individuals. In each
of these systems, as elements interact, some sort of mes-
sage or meaning is conveyed through the system.

One consequence of the above is that the traditional
boundaries of cognition can be expanded to include not
only invisible mental processes going on inside each par-
ticipant’s head, but also the observable activities and ma-
terials involved in the interactions. Together, these consti-
tute the “media’ (Hutchins 1995a) of information flow. In
practice, a distributed analysis gives a situated account of
changes across these media that focuses on the elements’

interactions with each other and with their shared envi-
ronment (see Lave 1988; Rogoff 1990; Duranti and
Goodwin 1992; Wosniak and Fischer 1993; Cole 1995;
Nardi 1996). From this perspective, then, much of cogni-
tion is “apparent in the adaptations made by the partici-
pants’ (Rogoff and Gardner 1984, p. 95; italics mine.)
That is, researchers can actually observe cognitive events
being played out in dynamic, social processes. Such
processes are not studied only as pointersto a private cog-
nition, but as the very stuff of a distributed cognition.

Critical to this approach is the notion of the “co-con-
struction” of cognitive events. Co-construction refers to
the mutual constraints that interactors place on one an-
other’s, and their own, behavior (see Grannott 1993;
Brown et a. 1993; Fischer and Grannott 1995). Meth-
odologically, this means that to be interpretable, behavior
cannot be scored in isolation; it requires a specification of
the context provided by the behavior of others. Take, for
example, a social coordination mediated by gaze. In this
setting, the observation of one individual glancing at an-
other must be treated one way if the second individual is
facing the first, and a different way if the second has its
back to the first. It also means that timeis an integral part
of this analysis, since changes in both the immediate and
the long-term contexts impact on the role a given behav-
ior playsin acognitive trgjectory. Thus, in the gaze exam-
ple, an unmet glance plays onerole in an exchange of sev-
eral such glances and a different role if it is the only one
observed. Just what those roles are is determined by
whether and how such interactions function to propagate
information through the shared environment.

Much of the work that has been done from this per-
spective is based on the seminal ideas of the Russian de-
velopmental psychologist Lev Vygotsky (e.g., Vygotsky
1962, 1978; see also Wertsch 1979, 1985b; Cole 1985;
Bruner 1990). In a VVygotskian approach, a key feature of
cognitive development is the “zone of proximal develop-
ment”. This refers to the situation in which children par-
ticipate, at first with limited understanding, in interactions
with others who are more proficient than they are until,
over time, they too become proficient. Thus for example,
in early conversations between toddlers and adults, the
adult may provide most of the effort to achieve some co-
ordination with the child. She may, for instance, actively
direct the child's attention to a common focus of interest,
exaggerate her own response to that object, and mimic
and praise any relevant contributions the child makes.
Later, the child will come to initiate such interactions
himself and to respond to increasingly subtle cues as to
when and how to make his contributions. In thisview, itis
only as a result of such co-constructed activity that the
child comes to “internalize” such interactions and can,
eventually, manipulate those internalizations even in set-
tings far detached from their original contexts. Since
changes in the type and effectiveness of such coordina-
tions are what are experienced and internalized during
cognitive development, these changes are also what the
cognitive scientist observes and analyzes from a distrib-
uted perspective.



Similarly, the social practices that nonhuman primates
engage in and observe during their interactions can be
taken as the content of their distributed cognition. In turn,
the refinement and increasing efficiency of these interac-
tions can be presumed to reflect the internalization of such
patternst. Thus, although the emphasis in this approach is
on observable behavior, it can, to some degree, be used to
inform theories on the nature of the mental events that
come to be associated with observed activity. In contrast
with the standard MR approach, however, these events,
especially during development, are not assumed to gener-
ate or drive the behavior, but to be a product of it. Note,
then, that it is not the inclusion of mental representations
alone that constitutes an MR account, but their use as ex-
planatory principles. It is the Vygotskian reversal of this
stance — wherein representation is seen as developing out
of interaction — that enables the study of distributed cog-
nition to maintain its focus on behavior-in-context.

Given that focus, research in this areatends to occur in
real-world settings, as opposed to the controlled confines
of alaboratory. (For discussions of ecological validity, or
its lack, in much of cognitive research, see Neisser 1976;
Bronfenbrenner 1979; Cole and Engestrom 1993; Duranti
and Goodwin 1992). As a result, versions of this model
have been applied to situations as diverse as adults prob-
lem-solving while they shop for groceries (Lave et al.
1984), to toddlers coordinating their play (Eckerman and
Didow 1989; Eckerman et al. 1989), to pilots in a cockpit
working with air traffic controllers to land a jet airplane
(Hutchins 1995b; Hutchins and Klausen 1996). In all of
these studies, a detailed analysis of the ongoing activity is
used to assess changes in the patterns of coordination be-
tween the various elements involved.

In fact, the methodology employed in thiswork is sim-
ilar to that practised by ethologists studying animal be-
havior in the field. To T&C, ethologica descriptions of
primate behavior are important for generating hypotheses
and for informing experimental design. However, since,
asthey rightly point out, traditional observations are often
equivocal as to the nature of the mental representations
that underlie them, T&C do not consider this methodol-
ogy a viable one for addressing cognition as defined by
their model. In contrast, from the distributed perspective,
ethological observations are precisely the method of
choice. That is, ethology can be a cognitive science, pro-
vided it includes data on the long-term status of relation-
ships, on the group dynamicsin a given situation, and, es-
pecialy, on the micro-level dynamics of particular inter-
actions within that situation. The latter is usually donevia
frame-by-frame video scoring of the precise relative tim-
ing of communicative signals and other emotional and at-
tentional behaviors. The units of analysis in this proce-
dure are always interactions, and changes in those rela
tions are charted over time. In the resulting descriptions of

1Although | characterize the distributed model | am applying to
nonhuman primates as essentially Vygotskian, note that, like T&C,
Vygotsky (1978) saw such co-constructed cognition as unique to
humans.
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“cognitive trgjectories’, the range and flexibility of the
media involved provide a measure of the system’s com-
plexity, as well as a basis for comparison with other
Species.

T&C recognize and appreciate the distributed model
and cite some of the above authorsin their chapter on hu-
man cognition (see also Tomasello 1992; Tomasello et al.
19934). However, suggesting that such amodel might also
be applied to nonhuman primates is probably not some-
thing that T& C would agree with. Thisis because they see
the principal evolutionary change that distinguishes non-
human primates from humans as essentially “one that
changed cognition from a basically individual enterprise
to abasically social-collective enterprise” (p. 401). While
| would very much agree that collaboration was akey area
of hominid specialization, perhaps my one fundamental
point of disagreement with T&C concerns whether non-
human primate cognition can a so be subject to such adis-
tributed analysis. In the remainder of this paper, | will ar-
gue that it can (see also Coussi-Korbel and Fragaszy
1995; Bard 1995; Strum et al. 1997; King 1997; Savage-
Rumbaugh et a. 1998), and that doing so shines areveal -
ing light on both the ontogeny and phylogeny of primate,
including human, cognition.

Focusing on behavior

Any empirical model of cognition must, of course, rely on
observable phenomena. The MR and distributed models
differ mainly in how they perform and use such observa-
tions. In the MR model, observable behavior is used pri-
marily as a source of inferences about the representations
that constitute cognition. T& C invest agreat deal of effort
in generating and supporting such inferences, as putative
differencesin representational abilities are critical to their
comparative arguments. The distributed model, on the
other hand, by taking observable interaction as, itself, a
cognitive event, shifts the focus of such arguments to the
detailed comparison of the range and variability of behav-
ior. While presenting its own unique challenges, one ad-
vantage to this shift is that it allows researchers to cir-
cumvent some of the difficultiesthat arise in justifying in-
ferences to unobservable mental events.

In T&C's model, a pivotal difference between human
and nonhuman cognition lies in the capacity to represent
the intentions of others. Nonhuman primates are held to
represent their own strategies and goals, but not to form
representations of the representations of others. Gener-
ating evidence for such “theory of mind” (Premack and
Woodruff 1978) distinctions imposes demanding con-
straints on methodol ogy, and continues to produce contro-
versial interpretations (e.g., Cheney and Seyfarth 1990a,
1990b; Povinelli et a. 1990; Whiten 1991; Heyes 19933,
1994; Povinelli 1994). Even working out the grounding
assumptions of this approach is difficult, since some ax-
iomatic elements — like “intentions” or “goals’ — can be
said to exist even in the absence of observable behavior.
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Consider some of the complications, for example, in-
volved in establishing a correspondence, especidly in
nonhuman primates, between observable outcomes and
“goals’.

Ethologically, “goa” hastraditionally been linked with
the outcome of motivated (i.e., outcome-satiated) behav-
iora trajectories. For example, in one set of habitual,
dyadic, primate interactions, one animal may position it-
self such that its genitalia are particularly conspicuous to
the other, may produce certain facial expressions and vo-
calizations, or perhaps align its gaze for eye contact. Most
of us doing behavioral studies would readily label such
behaviors as, for example, “sexual presents’, or even “so-
licitations’. We would also be apt to agree that, even if the
sequence does not, on some occasions, actually result in
sex, it would be reasonable to consider the situation as
one in which the presenter indeed had the “goal” of hav-
ing sex. The utility, however, of operationally defining
goalsin terms of typical outcomes can quickly decline as
outcomes become | ess predictable. While some behaviors,
like “sexual presents’, are highly ritualized, the interpre-
tation of many other primate signalsis, as T& C point out,
variable and context-dependent. Primates also show what
T&C call “equi-finality” —accomplishing the same end by
avariety of means— introducing additional variability into
the system. Plus, as the large corpus of data they review
makes clear, the capacity to engage in “negotiations’ (see
de Waal 1996) is a quintessential primate adaptation. Nego-
tiation further undermines such inferences since, when in-
dividuals with conflicting motivations can converge,
through negotiation, onto a single outcome, that outcome
can no longer be assumed to reflect either individual’s
original representation (see Strum et al. 1997). Ironically,
it is this very primate-typical complexity which, at once,
both inclines us to the folk-theoretical use of terms like
“goals’ and makes a rigorous, behavior-based definition
of “goal” less tenable than it might be for a simpler or-
ganism.

These same flexible, context-dependent negotiations
that undermine the MR model’s grounding in observable
events are precisely the types of interactions the distrib-
uted model is designed to handle. That is, in cases such as
these, the cognition we need to study has become a group
event. The distributed model is made-to-order here since
it assumes that cognition is created through interaction
and is manifest in the observable dynamics of the group.
All descriptions are situated in context, and flexibility of -
fers a direct measure of complexity. Thus, from this per-
spective, the occurrence of such negotiations is an asset,
providing visible enactments of socio-cognitive events for
us to analyze.

Consider, for example, how this shift in focus impacts
on T&C's powerful depiction of social learning as “onto-
genetic ritualization”. This is the process by which, for
example, acts of engagement (such as the beginning of a
play bout) can be abbreviated, within an animal’s lifetime,
into brief signals of solicitation (e.g., Tomasello et al.
1985, 1989, 1994). In T&C's account of this process, an
initiator repeats a behavior sequence that resulted in en-

gagement, notices the anticipation of a recipient, under-
stands that the first part of its own behavior was sufficient
to evoke that response, and then intentionally produces
the first part alone. In some respects, thisis similar to a
distributed account in that it describes the co-accommoda-
tion of the participants to changes they detect in one an-
other’s behavior — e.g., the recipient reacting earlier and
earlier to the initiator’s behavior, or the initiator abbrevi-
ating its output while monitoring whether a response is
gtill evoked. However, especially during socia learning,
when cognition is described in terms of the representa-
tions of only one individual, some important relevant in-
formation is lost. That information can be retained by
carving the world into more social units of analysis.

If we examine the cognitive terms in T&C'’s descrip-
tion — anticipate, notice, understand, intend — we see that
some are more amenable to this translation than others.
That is, anticipate and notice are cognitive events that,
even in T&C's scheme, can be defined in terms of social
relationships. Anticipate (described, in the recipient, as an
increased readiness to respond) can be equated with a de-
crease in the difference between the onset times of the two
animals behaviors. Similarly, notice can correspond to
the relative timing of attentional and signalling behaviors:
e.g., the initiator orienting its gaze towards the recipient
while the latter is responding. In contrast, understand and
intend must be taken as inferable, interna states that are
required for, but not definable as, a change in the interac-
tion. In the distributed model, these two stages would be
collapsed into the single step of “brings its behavior into
coordination with the other” (see Hutchins 1995a; Strum
et a. 1997). In thisway, not only is the cognitive event of
coordinate now, like anticipate and notice, defined as an
observable change, but the critical role played by the
other participant is also again made explicit. Coordination
qualifies as a cognitive event because it characterizes a
particular pattern of information flow through the system
—i.e, one that promotes a more reliable and efficient en-
gagement. In fact, it is just such coordinations that func-
tion as the principal units of analysisin many assessments
of distributed cognition in human interactions (e.g.,
Eckerman and Didow 1989; Duranti and Goodwin 1992;
Grannott 1993; Hutchins 1995a; Goldsmith and Rogoff
1997).

T&C, of course, recognize the importance of ground-
ing in observables and grapple with this when they dis-
cuss the notoriously entangled web of concepts and para-
digms in the current discourse on imitation (for discus-
sions, see Mitchell 1987; Galef 1988; Whiten and Ham
1992; Tomasello et al. 1993a; Byrne 1999). One source of
the difficulties faced in this research is that types of imita-
tion (e.g., social facilitation, emulation, true imitation) are
distinguished by the types of representational processes
that are presumed to underlie them. For example, in
T&C's scheme, the duplication of another’s behavior is
seen as “emulation” if the mimic can be said to represent
the desirable outcome brought about by the other and then
independently work to attain that outcome for itself. This
is set in contrast to true “imitation” which requires the



ability to represent the intention of the other, focusing the
mimic’simitative efforts on the particular way the demon-
strator chose to perform the task.

In dealing with issues as dlippery as these, we would
soon find ourselves adrift without behavioral criteria to
distinguish one kind of imitation from another, and T&C
take pains to provide and justify such criteria. In sum,
their criteria for true — i.e.,, human — imitation consist in
the fidelity and novelty of the reproduced behavior. That
is, for T&C, the most convincing cases of imitation are
ones that involve the precise duplication of particular ac-
tions, and especially when those actions are not already in
the mimic’s behavioral repertoire. If fidelity and novelty
are indeed the critical measures of human-like imitation,
the distributed perspective’'s focus on behavior could
readily accommodate these criteria. Fidelity could be es-
tablished as a particular level of coordination that must be
met by two behaviors (an assessment that might not be as
straightforward as it at first appears, even in humans — A.
Horowitz, unpublished work). Observer judgments of
novelty are more difficult (as T& C themselves point out)
but would be at least theoretically possible, especially
since the distributed model calls for collecting longitudi-
nal information on the individuals involved (see Cole and
Engestrom 1993; Hutchins 1995a).

However, to date, the actual results of such experi-
ments with nonhuman primates vary considerably across
methodol ogies and subjects, and are subject to avariety of
interpretations. The distributed model sidesteps the at-
tached debate to some degree, since its focus is less on
implicating the capacity to represent than on characteriz-
ing the capacity to do. To accomplish the latter, it must ad-
dress the phenomenon of behavior duplication in a some-
what different way. As described above, a distributed ac-
count aims to identify the contextual constraints with
which participants are required to come into coordination.
In experimental research, this works best in analyses that
scrutinize task demands, and how they change, during
training and testing. Such analyses, in effect, track the
“scaffolding” that, in the Vygotskian model, is presumed
to be provided by the more expert participants during all
socio-cognitive development. These analyses are a'so less
concerned with the final outcome (e.g., number of “suc-
cessful” trials) than with the nature of the subject’s inter-
action with that scaffolding.

In fact, even at a gross (data-poor) level, such task
analyses can be revealing. Consider, for example, the “do
this’ task used in comparative research on imitation. In
this task, subjects are generally trained (i.e., physically
molded and/or shaped by reinforcement) to reproduce a
behavior performed by the experimenter, on the verbal
cue “do this’, and then tested on novel (untrained) behav-
iors. By T&C'scriteria, ape performance on this task may
offer the best evidence for imitation in nonhuman pri-
mates, since even animals with relatively restricted expo-
sure to humans eventually demonstrate at |east some level
of fidelity and novelty (see next section for a discussion of
the effect of “enculturation” on such performance.)
Although published reports rarely include the sort of de-
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tailed description that the distributed model requires,
many include hints as to the apparent salience of certain
stimuli, the range of activities produced, as well asthein-
ter-animal contingencies that exist involving such ele-
ments.

In one recent “do this’ study (Myowa-Yamakoshi and
Matsuzawa 1999), for example, adult chimpanzees per-
formed better (including some first-trial imitations) on tri-
als when one object was used on another, than when a be-
havior was directed toward a single object or when an ob-
ject was directed at the self. The authors, aiming to “con-
centrate solely on the subjects’ visual-motor information
processing rather than on their understanding of the goal
or intention behind the demonstrated actions” (p. 129) in-
terpreted these results as indicating that their subjects
were “less sensitive to body movements’ of the demon-
strators than they were to the “directionality” of one ob-
ject acting on another. In an earlier study with juvenile
chimpanzees (Custance and Bard 1994), the subjects had
greater success with self-directed behaviors, but this fol-
lowed training in which the demonstrator not only touched
her own body but then al so made contact with the relevant
body part of the subject. Perhaps such multi-modal (visual
and tactile) input facilitates generating a response involv-
ing that part. Also, although not explicit in their analysis,
aclosereview of the results of Custance et al. (1993) sug-
gests that their chimps were more capable of imitating ac-
tions performed with the hands than with the face. For ex-
ample, in both this and an earlier study (Hayes and Hayes
1952), chimps were unable, even after extensive training,
to reproduce an eye blink (except by using their fingersto
hold their eyes closed — see also de Waal 1989, on bono-
bos). Hayes and Hayes (1952) suggest that blinking may
“be absent from [the] voluntary motor repertory” of these
animals. (Although, note, an eye blink was successfully
mimicked in a similar study with an enculturated orang-
utan — Miles et al. 1996.) All of the above authors, in-
cluding T&C, also point out other physical limitations in
nonhuman subjects relative to their human demonstra-
tors, including clumsy bimanual manipulations, inaccu-
rate throwing, and poor vocal articulation.

While amost none of these reports include play-by-
play accounts of demonstrator-imitator interactions, a re-
lated paper by Custance and Bard (1994) does include
some information on the course of such interactions. In
fact, those authors argue that, even in humans, “imitation
requires scaffolding” (p. 216; see also Tomasello et al.
1993b). In their study, two 4.5-year-old chimpanzees be-
gan their training by tending to “co-act” with their demon-
strator. That is, they would make contact or enter the hu-
man’s (personal) space while performing at first “general -
ized” behaviors and, later, better approximations of the
demonstrated act. Similarly, Visaberghi and Fragaszy
(1990) report that, in infant capuchins, “observation and
co-action were concurrent events’ in the acquisition of
tool use. In contrast, it is apparent from these studies that
fairly arduous training is required to establish the “turn
taking” that characterizes the more spontaneous emer-
gence of delayed imitation in human infants. In similarly
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gualitative descriptions of spontaneous “everyday imita-
tion” in (variably enculturated) orangutans, other re-
searchers (e.g., Russon and Galdikas 1993; Miles et a.
1996) have emphasized the contexual requirement of an
individual with whom the subject has a strong, stable
bond. In the wild, such an individual — usually the mother
— provides a protected, provisioned setting where the off-
spring can feel at ease enough to invest timein at-first in-
ept performances of ultimately profitable skills. When
that parent is replaced by a human, such bonds help to
motivate the co-enactment and later delayed imitation of
even novel, species-atypical behaviors.

By thus fostering hypotheses that focus on the limits
and range of physical control, and on the structure of ef-
fective scaffolding — rather than on the animals’ construal
of the situation — this approach makes the comparative de-
velopmental story much easier. Bard and Vauclair (1984),
for example, in a study of adult-infant communication
during object manipulation, assessed the behavior of hu-
man-human, human-ape, and ape-ape pairs. They found
that, in contrast to the human adults, the ape adults rarely
acted on the objects in ways that would direct or engage
the infants' attention. Plus, the infant apes were much
more likely to attend to and manipulate objects when in-
teracting with humans than with their own mothers. This
isjust the sort of study that can begin to build a compar-
ative database on distributed cognition (see Johnson
1993).

Unfortunately, data on co-attention are conspicuously
absent from nearly all accounts of imitation research.
From a distributed perspective, aresearcher might want to
ask, for example, if and when the demonstrator exchanged
glances with the subjects and/or any gaze following oc-
curred, which aspects of the demonstrator’s behavior were
attended by the demonstrator herself, and which by the
mimic, at what points during the sequence, and so on.
This sort of information is of special interest since contin-
gencies between co-attention and motor activity are of
particular importance in human cognitive development.

Development: adopting a single standard

In what | believe is one of the keenest insights of their
book, T& C suggest that a core difference between infants
and nonhuman primates is what they call the former’s ca-
pacity to “tunein” to others and to get othersto tunein to
them. This involves a variety of behaviors including, for
instance, joint attention, pointing, and gaze following, and
the gradual elaboration and coordination of these activi-
ties with others. They also make the compelling argument
(as have others: e.g., Bates 1979; Bruner 1983; Baron-
Cohen 1995; Moore and Dunham 1995; Karmiloff-Smith
1992) that such behavior isthe basis for the emergence of
proto-declarative communication, pedagogy, tasks involv-
ing “multiple-perspective taking”, and other such human
speciadizations. My one point of contention, then, from a
purely distributed perspective, would concern therole that

T&C assign to mental representations in these processes.
That is, T&C say:

“An organism would only attempt to tune into the at-
tention of others or get othersto tune into their attention
if they understood them as beings able to intentionally
direct their attention to specific entities on demand.”
(p. 405 — italics mine)

By this account, the ability to see others asintentional isa
prerequisite for the types of behavior that T& C claim sets
the infant apart from other primates. That is, it is the pos-
session or activation of this“foundational” (p. 408) repre-
sentation of the intentionality of others that drives the in-
fant’s behavior and enables it to engage in avariety of hu-
man-specific interactions. My argument here concerns not
whether humans — or apes — ultimately can or do form
such representations, but how treating such representa-
tions as prerequisites can create unnecessary problems for
a parsimonious account of comparative cognition.

The strain on parsimony is apparent, for example, in an
MR account of the “enculturation” of apes. Enculturation
is the process that occurs when apes (or humans, for that
matter) are raised by humans in a human environment
(see Tomasello et al. 1993a; Call and Tomasello 1996). In
their book, T& C engage in a stimulating discussion of this
process, which they rightly point out is still too little un-
derstood. It poses a difficulty for their model since encul-
turated apes, unlike apes without such experience, tend to
perform as well as human children on a variety of cogni-
tive tasks which are held to require human-specific repre-
sentational abilities. In grappling with this contradiction,
T&C areled to give what is, very nearly, a distributed ac-
count of ape enculturation. That is, they argue that it is
through interaction with humans who, among other things,
act to encourage joint attention and expose the apes to the
function and benefits of artifacts, that the apes cometo al-
ter their repertoire of skills. This is consistent with their
position on humans, of course, to whom they readily ad-
mit more distributed models apply. Maintaining their MR
approach, however, they are also reluctantly led to conclude
that these apes may “understand the intentions of othersin
ways that their wild conspecifics do not” (p. 393).

A fully distributed account would not be compelled to
this conclusion — either for enculturated apes or for human
infants (see Eckerman and Stein 1990, and further discus-
sion). It would, instead, maintain its focus on the types,
limits, and patterns of emergence of the coordinations that
occur between the apes (or infants) and the adult humans.
T&C do this, to some extent, in their discussion. They
point out, for example, that the human must generally ex-
ert a greater effort to elicit joint attention with apes than
with infants, and that there is far less spontaneous proto-
declarative (i.e., attention directing) signaling by the apes
than by the children. However, the lack of data on the par-
ticulars of such interactions — either during the course of
enculturation or during training and testing of the relevant
cognitive tasks — is especialy frustrating for the distrib-
uted model. Answering the sort of questions that this
model wants to ask requires an assessment of the micro-



level details of these interactions, seeking the patterns of
information flow that are eventually incorporated into the
juvenil€e's repertoire.

T&C clearly value parsimony in their account of non-
human primate cognition, attempting to redress what they
(perhaps rightly) see as a bias in the field toward anthro-
pomorphic attributions to nonhuman primates. But there
may be significant additional parsimony to be gained
from considering such attributions to infants as likewise
anthropomorphic! That is, the latter attributions are influ-
enced by introspective and linguistic support in that, later
in life, language-proficient humans do represent one an-
other’s behavior in intentional terms. But such terms are
far detached from their original contexts, and have come
to act as a kind of “shorthand” that can mask both their
origins and their current function. The MR model as-
sumes that, when infants behave in ways similar to their
more sophisticated interlocutors, their behavior reflects
essentially the same type of representations that are
evoked in their elders. This assumption obscures the co-
constructive processes of cognitive development and can
mislead us as to the nature of adult representations (see
Langacker 1987, 1992; Fauconnier 1994; Hutchins
199534). Thus, for both comparative and developmental
purposes, we might do well to adopt a single standard to
assess such behavior. The distributed model provides such
astandard in that it assesses behavior more at face value,
letting the complexity and flexibility that are actually ob-
servable be the measure of the cognition involved.

Adopting such a standard reorganizes the MR account
of infant performance, especially on tasks for which that
model proposes the attribution of intention is required.
Consider, for example, the ingenious “find the toma” ex-
periments (e.g., Tomasello and Barton 1994; Tomasello et
a. 1996). In thistask, an adult announces that it will “find
the toma’ and then, as the child watches, the adult
searches through abag of novel toys, pulling out one after
another. As T& C describe it:

“... children as young as 18 months of age will assume
that the “toma’ is the one [object] whose extraction
seems to satisfy the adult’s searching intention (the
adult looks happy, stops searching, etc.)... The overall
point is that, in acquiring the linguistic conventions of
those around them, human children rely on their ability
to understand others as intentional agents” (p. 409)

A distributed model’s take on this result would not depend
on the 18-month-old representing others as intentional,
but only inits being familiar with enactments of the “find-
ing” game. That is, the very sorts of behavior that T&C
cite as indicative of a “satisfied intention” — looking
happy, stopping the search — are likely to be familiar to
the child as typical of the terminal phase of the activity
that accompanies the use of the word “find”. Furthermore,
the object also associated with this phase is generaly the
one named during the search. The Vygotskian perspective
proposes that children can proficiently co-enact parts of
such a sequence and even use some terms appropriately
before they fully internalize those actions, let alone repre-
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sent coherent explanatory principles for them. Itisan im-
portant and interesting result that children can learn words
in such non-ostensive contexts. But, by seeing language
development as a change in the child's facility at coordi-
nating its behavior with others, the distributed model sug-
gests what the child learns in this process is how to par-
ticipate.

To study such processes, the researcher begins by iden-
tifying which aspects of the environment are inherently
salient to the participants. For example, primates, includ-
ing humans, are particularly sensitive to face-like stimuli
(e.g., Bruce et al. 1981; Keating and Keating 1982;
Leonard et al. 1985) as well as to changes in the direction
of the head and/or eyes (e.g., Perrett et a. 1985; Brothers
and Ring 1993). The researcher would also note regulari-
ties in how a juvenile's attention is drawn or diverted by
the activity of others. Plus, it would consider the changing
range of motor control apparent in the juvenile's evolving
participation. Among the media that come under such
control are gaze, gesture, facial expression, actions on
others and on objects, and vocalizations, including spoken
words. As participants interact, contingencies between
states of these media— e.g., synchronicity, complementar-
ity, or proximal triggering — emerge and change. In this
way, coghitive trgjectories are made available, in shared
experience, for internalization — and for study. Long-term
patterns in the timing and refinement of such trajectories
constitute cognitive development.

Early on, this sort of co-activity occurs primarily
within the framework of stereotyped engagements, pre-
cursors of the much more flexible and sophisticated “lan-
guage games’ (Wittgenstein 1953) that come to occur be-
tween adults. Some of these infant/adult games — like
“pointing out”, “naming” and the above “finding” game —
focus on the manipulation of attentional states. These fea-
ture words like “see” and “know” and patterns of co-at-
tention (like noticing looking, or directing attention) that
play arole in the kinds of interactions that the MR model
sees as depending on the representation of intention (for
discussion, see Bruner 1983; Karmiloff-Smith 1992;
Gomez et a. 1993; Astington 1996). According to
Vygotsky, as the child matures, his internalization of such
experiences enables him to produce pertinent behaviorsin
the presence of just a fragment of their original context.
Words are among the most important of these fragments.
They begin as imitated articulations, are heard and per-
formed in a widening array of relevant contexts, and are
finally creatively and flexibly combined in complex con-
versations, as well as in the generation of explanations of
one's own and others' behavior. Like all explanations,
these can be seen as one-sided conversations that con-
form, in complicated ways, to group patterns of word use
and information assimilation. Since such explanations are
meaningful only if they would constitute a relevant con-
tribution to discourse on the subject, even at this sophisti-
cated level, what the explainer has mastered is “how to
participate” (Hutchins 1995a; Cole 1996; Wertsch 1998).

As should be clear from the above, although the dis-
tributed model does not emphasize representation, the
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data from this approach are more compatible with certain
theories of representation than they are with others.
“Media’, as used in this paper, for instance, draws heavily
from the notion of Hutchins (1995a) of “representational
media’, across which “representational states’ are held to
be propagated. This approach alows behavior itself to be
taken as a representation; but, even in Hutchins' theory,
some representational states are states of “mind”’. Other
theories of mental representation may also be applicable.
For example, taking each participant as an active negotia-
tor of its environment corresponds well with the notion of
a situated, action-based “schema’ (e.g., Minsky 1975;
Schank and Abelson 1977; D’Andrade 1991; Mitchell
1999). Similarly, representing development as learning
“how to participate” could be facilitated by the ecological
concept of “affordance’? (Gibson 1979). Piaget’s notions
of “accommodation” and “assimilation” certainly aso
resonate with this approach of focusing on the evolving
interaction of the subject with its environment (Piaget
1952, 1954, 1971). Contemporary theories of “embodied”
representations (e.g., Johnson 1987; Varela et al. 1996;
Fauconnier 1994; Clark 1999) might also be particularly
useful, given that they see even abstract forms like
metaphor and counter-factuals as developing out of real-
world interactions. All of the above are consistent with
the Vygotskian “internalization” of shared experience.

It isimportant to recognize, here, however, that, unlike
the MR model, the distributed model does not depend on
such representations being of one sort over another.
Instead, its goa lies in identifying a set of context-sensi-
tive behavioral protocols that work — that is, that enable
the participants to procure and modify physical and social
resources, and foster a gradually increasing parity in the
skills of the novice and its interlocutors. Since it is as-
sumed that these protocols are co-constructed, and their
development is demonstrated in the changes in fluidity
and complexity of the coordinations that occur, the study
of such interactions should be sufficient to provide a co-
herent cognitive account.

Consider the impact, then, of applying this single stan-
dard back to ape enculturation. Recall that T& C argue that
it is “being treated as intentional beings’ — i.e., engaging
in activity that “presupposes a reciprocity of understand-
ing” (p. 393) — that somehow |eads nonhuman primates to
form intentional representations of others. In contrast, the
distributed model would trandlate this observation as “be-
ing treated as if they could participate”, and the cognition
involved as being embodied by the degree and manner in
which the primates respond to such affordances.
Similarly, nonhuman primates development, in their own
species-typical environments, could also be tracked along
such interactive trgjectories. Furthermore, the practicesin
which any of these animals came to participate would be
taken as the content, ultimately, of their internalizations.

2T&C suggest that representations of “affordances’ may account
for nonhuman primates limited success at imitation. However,
thisis presented as an alternative to the human’s representation of
intention in such tasks.

However, given the real-time trgjectories as a basis for
comparative analyses, experimentaly generating a re-
sponse that would logically necessitate or refute a “hu-
man-like” representation would no longer be required.

While the above emphasizes the importance of devel-
opmental research, the arguments apply equally well to
adult learning or discourse. This being the case, the course
of adult primate negotiations could also be subject to such
an analysis. Adopting this approach can not only help us
to understand the developmental pathways our different
speciestake, but can yield insightsinto their possible evo-
[utionary origins as well.

Cognitive evolution: the elaboration
of attentional behavior

Generating an evolutionary scenario for the emergence of
hominid cognitive abilitiesis atask that particularly taxes
the MR model. For example, athough T& C take the pro-
posals of other researchers (Parker and Gibson 1979;
Milton 1981, 1988; van Schaik and von Hooff 1983;
Byrne and Whiten 1988; Dunbar 1993) seriously enough
to review and critique them, they refrain from giving their
own version of what they call an “evolutionary fairy tale”
(p. 425). Furthermore, they acknowledge that their ap-
proach generates a “chicken-or-the-egg” problem: i.e,
“...how could it be that children learning to treat othersin-
tentionally depended on adults treating them intention-
aly? Which camefirst...?" (p. 423). | would argue that the
fault here lies not in the logic or imagination of the au-
thors, but rather in the MR model itself which leads them
into this theoretical cul-de-sac. That model postulates the
discontinuous appearance of a unique new form of repre-
sentation that must appear in multiple individuals simulta-
neously in order to be effective. Not only would this be a
highly unlikely event, but the model’s reluctance to spec-
ify the “raw material” upon which natural selection wasto
have operated would strain any neo-Darwinian account.
In contrast, the distributed model makes thistask much
easier by providing a common ground between human
and nonhuman cognition that can help to bridge the phy-
logenetic gap. Because of its focus on behavior, and in
particular on the social coordination of behavior, the types
and extent of coordination seen in human and nonhuman
primates can be directly compared. Observable differ-
ences can be used to generate hypotheses that are
grounded in the apparent structure and adaptive conse-
guences of that behavior (see Smillie 1993). Plus, by tak-
ing such coordinations as cognitive evolution’s “raw ma-
terial”, the theorist is faced with the much more tenable
problem of postulating how selection may have accom-
plished feasibly small but critical changes that could
“tweak” the nonhuman repertoire into the human one. In
addition, by treating cognition as a manifest process of
coordination, the distributed model also eliminates the
vexing chicken-or-the-egg problem. This is because,
given any configuration of species-specific skills, adults



are always more proficient than immature animals, and
thus are always available to provide scaffolding for the
development of the youngsters' participation.

T&C have aready highlighted a key evolutionary de-
velopment in primates relative to many other mammals —
i.e., their engagement in “tertiary” socia interactions.
These are interactions in which the protagonist’s behavior
is based not just on its own relationships (e.g., kinship,
rank, or friendship) with others, but also on the relation-
ships that exist between the other animals (e.g., de Waal
and van Hooff 1981; Gouzoules et a. 1984; Cheney et al.
1995; Silk 1999). Thus, for example, not only is there
coalitional behavior in primates (see Harcourt and de Waal
1992), where one animal may recruit aid from a second
against a third, but the animal that is recruited can often
be predicted based on its rank relative to, and thus likely
effectiveness againgt, the third animal. In this context, the
focus of the MR model is on the recruiter’s ability to men-
tally represent the relationships of others, a representation
it presumably uses to motivate its decision. However, by
shifting our perspective from the decision to the act, it be-
comes easier to generate hypotheses on the possible con-
texts in which such acts could have been adaptive.

The recruiter’s behavior can be thought of as display-
ing a keen context sensitivity, in which its actions vary
with the particular configuration of individuals present.
With this emphasis, we are guided to consider situations
that may have exerted selective pressure for such “audi-
ence effects” (see Marler et a. 1986; Seyfarth and Cheney
1986; Hauser 1990). For example, dealing with primate
idiosyncrasy® might have provided one evolutionary
“ratchet” that involved coping with an ever-changing
range of distinctive audiences. In this scenario, the more
an individual depends on learning, the greater the impact
its individual experience will have on its behavior. Such
individual differences could, in turn, pressure group-
mates to more finely-tune their responses to the proclivi-
ties of their distinctive audiences. This, in turn, could re-
quire a greater dependence on learning, which would lead
to greater individual differences, and so on and so on.
Note that such a development could impose particular de-
mands on, and payoffs for, immigrating individuals faced
with integrating into a group of strangers. Additional re-
finements in such skills may also have occurred in precur-
sor species which, like today’s bonobos (Kano 1982),
chimpanzees (Nishida 1979; Goodall 1986) and spider
monkeys (Symington 1990), lived in fission/fusion soci-
eties. Such a social structure would provide opportunities
for audience-specific payoffs that might not be available
in a species in which group membership was relatively
fixed (Johnson 1990).

However, to effectively assess the rudiments of ho-
minid cognition in nonhuman primates, the distributed

3While an investigation of “personality” in nonhumansis currently
underway (see Gosling and John 1999), there are few data on pri-
mate idiosyncrasy (although see Boysen 1994). However, in sev-
eral cognitive experiments that T& C describe there are striking in-
dividual differencesin subjects’ strategies and levels of success.
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model would demand an even closer ook at the particu-
lars of behavior during primate-typical coordinations. It
might begin by asking, for example, what visible indica-
tors of the relative rank of others are available to a poten-
tial primate negotiator. This information has already been
provided by generations of primate ethologists who,
themselves, have been concerned with determining the
rank of their subjects. In many species, stereotyped sig-
nalsindicating rank in dyadic interactions have been iden-
tified — e.g., “bowing” in chimpanzees (de Waa 1982;
Goodall 1986), “peering” in female bonobos (Johnson et
al. 1999), and “fear grimaces’ in severa species (e.g.,
Hinde and Rowell 1962; Altmann 1967; see Redican
1975). In addition, as Chance (1967; see also Chance and
Jolly 1970) suggested long ago, attentional behavior may
also be an indicator, with subordinates looking to and fol-
lowing dominants more often than the reverse (see also
Yamagiwa 1992; McNelis and Boatright-Horowitz 1998;
Johnson et al. 1999). Given the degree of flexibility that,
as we shall see below, primates display in their attentional
behavior, thistype of activity may be of particular interest
to cognitive scientists.

T&C's own recognition of the importance of investi-
gating socia attention is evident in their significant con-
tribution to the research that has been done on this topic
since their book was published (e.g., Call et a. 1998;
Tomasello et al. 1998, 1999; Hare et al. 2000). In the ar-
ray of recent work, certain patterns seem to be emerging.
First, it has long been clear that many primate species en-
gage in “gaze following” under natural conditions (e.g.,
Kummer 1967; Chance 1967; Plooj 1978; van Schak et
al. 1983; Fragaszy and Visalberghi 1989; Tomasello et al.
1998; C.M. Johnson, unpublished work). Typically in such
an interaction, one animal appears attracted to some as-
pect of its environment and others observe it and then also
so direct their attention. Recent tests of the limits of such
abilities include work with chimpanzees who can follow
an experimenter’'s gaze around barriers or to specific
points behind their heads (Povinelli and Eddy 1996a,
1996b, 1997; Cal et al. 1998; Tomasello et a. 1999).
Other experiments place subjects in an “object-choice
task” in which they must select one of two stimuli on the
basis of attentional cues from an experimenter, or some-
times from a conspecific. In these tasks, most of the ani-
mals tested learned to use gestural and/or head-turning
cues (Anderson et al. 1995, 1996; Itakura 1996; Itakura
and Anderson 1996; Povinelli and Eddy 1996a; Emery et
al. 1997; Itakura and Tanaka 1998; Peignot and Anderson
1999; Vick and Anderson 2000). However, in many of
these cases, extensive training seems to be required (al-
though see further discussion below). This leads Hare et
al. (2000) to suggest that perhaps the cooperative context
of information sharing in the above-described object-
choice task is less “natural” for most primates than the
competitive use of attentional behavior. In their study, the
researchers found that subordinate chimpanzees would
preferentially choose food a dominant could not see,
while a dominant would first choose food visible to both
and only after choose the food only it could see. This pat-
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tern occurred even when the same anima was dominant
in one pairing and subordinate in another.

Other insights into the range of natural contexts in
which attentional behavior playsarole are available in the
ethological data. Examples include one animal breaking
up a possible coalition between others upon observing
them coordinating their gaze, proximity, and contact (e.g.,
Kummer 1971; de Waal 1982; Nishida and Hiraiwa-
Hasegawa 1986), or another mediating a reconciliation
between others who are not showing co-attention or other
signs of likely engagement (e.g., de Waal and van Roos-
malen 1979; de Waal 1982; de Waal and Aureli 1996). In
the more common recruitment scenario, the recruiter usu-
aly turnsits head and eyes back and forth between its po-
tential ally and its antagonist, often while orienting its
body toward the antagonist in a confrontational posture.
The relative timing and direction of “looks’ in all the an-
imals involved is, of course, relevant since, if the aly
looks away when the recruiter looks at him, the subse-
guent flow of eventsis apt to be quite different than if the
aly not only makes eye contact but then also follows the
recruiter’s gaze.

If the recruitment is successful, one common, subse-
guent coordination involves a marked similarity and syn-
chrony of behavior in the allies (e.g., Kummer 1967;
Packer 1977; Smuts 1985; Goodall 1986; Strum 1987; see
Jolly 1985, p. 258 for discussion and illustrations) They
might, for example, stand stiffly shoulder to shoulder, hair
erect, turning together as the antagonist moves. They
might also match and synchronize their vocalizations.
Such synchronous displays are also seen in other animals
(e.g., lions, Schaller 1972; wolves, Smith 1977; dolphins,
Johnson and Norris 1986) and have been described as pre-
senting an apparently larger and more formidable adver-
sary in the form of multiple individuals demonstratedly
prepared to act in unison. Species, such as higher pri-
mates, in which coalitional behavior plays an especially
significant role could have been subject to additional se-
lection favoring more subtle, prolonged, or flexible co-be-
havior between alies. Note, too, the link between such
co-behavior and that (previously described) which sponta-
neously emerges during the development of imitation in
chimpanzees.

In the unsuccessful version of the recruitment scenario
just described, the potential ally does not meet or follow
the recruiter’s gaze. Averting on€'s gaze in the face of a
solicitation, or even athreat, from another animal — what
Kummer (1968) called a “cut off” behavior — is a fairly
widespread pattern in primate negotiations. It generally
serves to forestall or even prevent engagement between
the participants (for discussions, see Altmann 1967;
Chance and Jolly 1970; Johnson 1990). Gaze aversion
may also be related to a trend emerging in the experimen-
tal work on social attention discussed above. Many of the
species tested — with the notable exception of the chim-
panzee (Itakura 1996; Povinelli and Eddy 1996a; Itakura
and Tanaka 1998; but see Vick and Anderson 2000 on ex-
tensively-trained capuchins) — seem to be highly resistant
to learning to use the eyes only as an attentiona cue.

There also seems to be a strong effect of enculturation on
this ability (see Itakura and Tanaka 1998 on success with
an orangutan, and Peignot and Anderson 1999 with a go-
rilla). In most primates’ typical ontogenetic histories, in
which gaze aversion develops as a strategy to avoid en-
gagement, direct eye contact functions most often as a
threat (although see Gomez 1996). As severa authors
have suggested (e.g., Emery et a. 1997; Peignot and
Anderson 1999; Vick and Anderson 2000) this threaten-
ing aspect of eye contact may be what has canalized these
species away from using “eyes only” as a cue.

This may represent an important distinction since hu-
mans, at a very early age (Butterworth and Jarrett 1991,
Itakura and Tanaka 1998; but see Corkum and Moore
1995), can separate head orientation from direction of
gaze as a cue to another’s focus of attention. This may be
related to the loss, in our species, of the brownish pigment
that darkens the visible parts of other primates sclera
(Morris 1967; Kobayashi and Koshima 1997). By making
gaze direction more salient, this anatomical change may
well have been adaptive in facilitating the ontogeny of
joint visual attention (see Argyle and Cook 1976; Baron-
Cohen 1995; Moore and Dunham 1995). The cross-cul-
tural occurrence, early in human development, of stereo-
typed engagements in eye-contact and gaze following also
support such an account (see Bates 1979; Trevarthan
1979, 1993). In contrast, in my research on socia gazein
captive bonobos — who, when mature, show gaze aver-
sion, gaze following, and can use the eyes as a cue at close
range (persona observation — see aso Johnson 1997;
Johnson et al. 1999) — the most marked difference | have
observed between the gaze repertoires of our two species
is the lack, in bonobo mothers and infants, of such gaze
coordination “games’.

Gaze aversion is also sometimes given a deceitful con-
notation, such as “feigning indifference” or “pretending
not to notice”. From the MR view, a modeler might ask if
the inherent ambiguity of gaze aversion — that is, its con-
sistency with a scenario in which the gazer’s attention is
genuinely engaged elsewhere — was “intentionally” ex-
ploited by the gazer. The distributed approach would shift
the emphasis here, from concerns about what representa-
tions may underlie such negotiations, to a focus on ex-
actly what the animals do in such contexts. For example,
human observers are most likely to interpret interactions
as involving deception when an (often abrupt) change in
the gazer’s behavior coincides with a change in the other
animal’s attention. So, for example, if the gazer finaly
looks at the recruiter right after the latter turns away, ob-
servers are more likely to claim that his gaze aversion in-
volved some form of “pretense’. Rather than discussing
this change in terms of what the gazer might be thinking,
the distributed approach would describe this as the gazer
acting in accordance with one cognitive trajectory —i.e.,
the one that precludes engagement — until the attentional
context changes, at which point a new trajectory is initi-
ated. The abruptness of the change portrays an animal that
has the capacity to rapidly adapt to subtle contextual vari-
ables and sufficient “self control” (e.g., Logue 1988;



Tobin et al. 1996) to strategically promote certain types of
coordination and undermine others. Thus, as in the above
discussion of imitation, afocus on the range of behavioral
flexibility and on the types of cues that can €licit a re-
sponse, gives us a way to characterize the real-time cog-
nition we observe. From this angle, we are more likely to
see a context-sensitive creature with rudimentary skills at
multi-tasking (see Savage-Rumbaugh et al. 1998) than
one that may (or may not) possess a Machiavellian “the-
ory of mind”.

A related type of attentional coordination, that also
tends to be attributed to deceptive intent, has been called
a “distraction display” (e.g., de Waal et a. 1976; Byrne
and Whiten 1985; de Waa 1986; Goodall 1986; see
Whiten and Byrne 1988). In this interaction, an animal
with access to a potentially contested resource — including
another individual — might, while in proximity to its com-
petitor, do an extended arch of its neck and gaze fixedly at
a distant point, eliciting a gaze follow from the competi-
tor. The interaction may follow this course because, often
enough, such coordinations are reinforced by something
of significance to both animals actually happening at the
distant focal point. The gaze follow by the second animal
is more consistent with a subsequent trajectory directed
away from the resource, or at least one that reduces the
immediacy of its contention. Observerstend to call thein-
teraction deceptiveif the first animal exploitsthisdiverted
attention, by quickly reorienting to and/or procuring the
resource. Regardless of the animal’s connotation of events,
however, we can describe such behavior as the exercise of
sufficient self-control to accomplish a rapid, strategic
shifting of cognitive trajectories.

Competitive negotiations involving gaze aversion or
distraction displays, if they happened frequently enough
and/or paid off significantly enough, represent additional
prime candidates for an evolutionary “arms race” (see
Byrne and Whiten 1988, 1992; Byrne 1994, 1995; see
aso Menzel 1974; Coussi-Korbel 1994; Mitchell and
Anderson 1997). That is, a distracter’s maneuvers estab-
lish a selective pressure to counter their own effective-
ness. However, while an individual who could notice and
respond to contradictory signals might be at a selective
advantage, its behavior could, in turn, select for dis-
tracters who were capable of performing more coherent
displays. Interestingly, this latter escalation seems to have
occurred only in our species. That is, researchers some-
times find distraction displays in nonhuman primates
comical because of the, to us, obvious contradictions in
the first animal’s signals. In the bonobos, for example, |
have videotaped such an interaction in which the animal
looked off into the distance and at the same time reached
her grasping foot toward the resource (for a similar ac-
count involving chimpanzees, see Goodall 1986, p. 577).
Human children, on the other hand, show a progression,
in their deceptive displays, from producing ones that are
partial and self-contradictory to more effective ones in
which gaze, gesture, and language are all fully coordi-
nated (Vasek 1986; La Freniere 1988). Aswe shall see be-
low, several human specializations can be characterized as
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involving the elaboration and refinement of such strategic
self-control.

Hominid specializations

Although our accounts of the mechanisms vary, it should
be clear that both the MR and the distributed models con-
verge on imitation and attention-directing processes as
pivotal differences between human and nonhuman pri-
mates. By looking at how these processes function in typ-
ical human interactions, the distributed model can gener-
ate hypotheses concerning both the contexts and mecha-
nisms of their evolution.

When imitation is considered in terms of the types of
coordination it facilitates, two important functions come
to light. The most obvious —and most often discussed —is
the transfer of a skill from one individual to another. But
imitation can also serve an attention directing function.
As described for synchronous displays above, a similarity
of behavior can garner the attention of both participants
and onlookers. In addition, human imitation has expanded
to include the reproduction of environmental sounds as
well. Thus, for example, given the subtle cacophony of
backyard sounds, a 1-year-old’s imitation of one of those
sounds — say, a dog barking — can result in his mother’s
selectively attending to that particular sound. Similarly,
her subsequent imitation of that same sound indicates that
her attention has been so directed, facilitating further en-
gagement involving the now-shared topic. This sort of in-
teraction can occur even before language per se has de-
veloped in the child, suggesting that it is fundamental to
that development. The language that grows out of this ac-
tivity also exploits the attention-focusing function of imi-
tation. Not only do a child's delayed imitations of utter-
ances function to “point” — or refer — to the previously
shared contexts in which they were learned and used, but
even sophisticated adult conversation can be seen as a col-
laborative process of attention direction to different as-
pects of or perspectives on atopic. Thus, just like the re-
finement of gaze following, pointing, and other attention
directing behaviors, the human’s special facility at imita-
tion represents, in part, an elaboration of diectic behavior

Both of these functions of imitation — skill transfer and
attention direction — are manifest in most examples of
teaching. The MR model defines a teacher as an individ-
ual who acts with the intention of manipulating the
knowledge state of another. The rarity of teaching in non-
human primates (Caro and Hauser 1992; King 1994; al-
though see Fouts et al. 1989; Boesch 1991; Maestripieri
1995) is seen as important evidence in support of the hu-
man-specificity of such representations. The distributed
model, on the other hand, would interpret that evidence in
terms of context-dependent differences in performance.

Consider, for example, the context of cracking nuts
with astone hammer and anvil. In some chimpanzee com-
munities, animals develop a proficiency at this task and
females, especially, practice it often (Sugiyama and
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Koman 1979; Boesch and Boesch 1983). Once they be-
come experts, the only commonly observed modification
of this activity involves allowing their infants to scrounge
from their efforts. In contrast, humans, in the same con-
text, would also be likely to “demonstrate” the procedure
to their young. That is, in the presence of anovice, the hu-
man expert might slow its actions down, orient them to the
novice'sline of sight, use various attention-directing signals
(e.g., pointing, naming, or diectic phrases such as “look at
this”). Such teachers will also often imitate alearner’s ac-
tion and then improve upon that action, drawing attention
to the difference between them. The learner’s imitations,
in turn, shape the amount and type of effort that the
teacher invests. Viewing the interaction in this way high-
lights the possibility that the same basic mechanisms are
operating in both teacher and learner. That is, not only do
both participants imitate the other, but the teacher’s
demonstrations can be seen as examples of self-imitation
—akind of modified replay of acts that the teacher has ex-
perienced itself performing in the past. This behavior can
be interpreted as other than a mere repetition since the
manner in which it is performed is no longer optimal for
procuring food. Instead, it is a dightly atered version of
the act, constrained by the learner’s attention and dis/sim-
ilarity of behavior, and thus is optimized for engaging the
learner and facilitating its rapid acquisition of the skill.

It is no coincidence that these key processes of imita-
tion and attention direction occur during teaching. In fact,
| would argue that this context provided some of the most
important selective pressures operating on hominid cogni-
tion. For example, multi-generationa “extractive forag-
ing” (Parker and Gibson 1977, 1979; see aso King 1986,
1994; Parker 1996) could have provided regular opportu-
nities for highly profitable pedagogical interactions.
Presuming that mothers taught their own offspring, “kin
selection” (Hamilton 1964) would argue that both partici-
pants would have much to gain from the youngster mas-
tering such techniques at an earlier age. (Note that chim-
panzees become proficient at nut-cracking at about age
six; Boesch and Boesch 1990.) An immature hominid
who could regularly access nutrient-rich nuts, for exam-
ple, might well mature earlier, reproduce earlier, and thus
potentially produce more offspring — a clear reproductive
advantage for itslineage. Plus, since even incremental im-
provements in co-attention and co-enactment could be
profitable, no major discontinuities would need to be ac-
counted for. The imitation and attention directing skills
developed in this context could then be co-opted for fur-
ther adaptive refinements in a variety of socia contexts.

Looking to the mechanisms of such developments, it
seems reasonable to consider the neurological constraints
that may have been involved. In even a cursory overview
of how such constraints have changed over the course of
hominid evolution, several modifications involving sen-
sory-motor linkages are at once apparent. Human articula-
tion, for example, underwent an expansion and refinement
involving complex and subtle sensory/motor coordination
(see discussions by Lieberman 1973, 1984; Deacon 1990,
1997; Greenfield 1991). That is, motor activity in our vo-

calization system requires more rapid and subtle integra-
tion of auditory and proprioceptive feedback than in any
other primate. It can also be entrained by external audi-
tory and/or visual input (McGurk and MacDonald 1976).
Similarly, human skills at bi-manual, including hand-
hand-eyes, coordination (presumably adaptive, at least in
part, for tool use) out-class those of all other primates
(e.g., Kohler 1925; Vauclair and Bard 1983; Vauclair
1984; see also Marshack 1984; Calvin 1983, 1993). Plus,
the coherent, full-body control, discussed above as a
means of reducing ambivalent signaling, likewise would
involve complex cross-modal feedback. All of these
processes require years to develop in the immature hu-
man, and are dependent engagement in appropriate sorts
of experience (see ElIman et a. 1996). In each of these
cases, the sophistication of motor control and its integra-
tion with particular types of perceptual input together
form the physical basisfor the “ strategic self-control” that
ultimately characterizes human adult behavior.

As has been argued persuasively elsewhere (e.qg.,
Meltzoff 1988; Donald 1993), it seems likely that the de-
velopment of imitative abilities was a necessary precursor
to more sophisticated human speciaizations like lan-
guage. For example, imitative behavior appears earlier in
human development (e.g., Meltzoff and Moore 1977,
1989) and is more evident, if till rudimentary, in nonhu-
man primates, than later refinements like speech or bi-man-
ual coordination. And, if we look again at T&C's behav-
ioral criteria for human imitation — novelty and fidelity —
we see that they lend themselves quite readily to an ac-
count in terms of refined sensory-motor coordination.
That is, those criteria are met when behaviors perceived
for the first time are faithfully reenacted by the perceiver.
Thus, as severa authors have suggested (e.g., Meltzoff
1990; Ettlinger and Wilson 1990; Heyes 1993b; Miles et
al. 1996), imitation can be seen as the capacity to translate
visuo-spatial and auditory stimuli into motor output.

An interesting example of one such “trandating” de-
vice has been found in zebra finches (Williams and
Nottebohm 1985; Williams 1990). These songbirds store
information about the species-specific song that they hear
as fledglings not in the acoustic areas of their brain, which
first process that information, but in the motor areas that
are activated when they later produce the songs them-
selves. While there is as yet insufficient datato determine
if such a system may also operate in any primate brains,
including humans (although see Jeannerod 1994; Hari et
al. 1998), recent research has revealed “mirror neurons’
in pigtailed macagues which fire both when the animal
performs an action and when it observes others perform-
ing it (di Pellegrino et al. 1992; Gallese and Goldman
1998; Rizzolatti and Gentilucci 1988). While these mon-
keys are not considered proficient imitators (Beck 1976;
Visalberghi and Fragaszy 1990), suggesting that such
cells do not constitute a complete mimicry mechanism,
they may certainly have been a part of the neurological
heritage that was modified during hominid evolution.

Perhaps one additiona insight that the above distrib-
uted account can add to this proposal arises from its focus



on socia attention and diectic imitation. That is, perhaps a
critical hominid specialization involved modified linkages
involving not just perception, but co-perception, and mo-
tor control. Contributing to this development might be
“gaze cells’ like those that have been identified in mon-
key brains (Perrett et al. 1985, 1992; Brothers and Ring
1993). Some of these neurons give their maximum re-
sponse to the stimulus of eyes looking directly at the sub-
ject, while others respond most strongly to eyes directed
off to the side. Such gaze cells, in conjunction with the
perceptual salience of anatomical cues like high-contrast
sclera and arched, mobile eyebrows, when activated dur-
ing appropriate socia interactions, could generate infor-
mation on co-perception that might constrain the above-
mentioned translation circuitry. Other relevant subsystems
might include the above-mentioned mirror neurons, re-
fined motor control of, especially, the hands and face, as
well as limbic interactions involving social motivation
and emational signaling (e.g., Semendeferi et a. 1998).
Such a system could explain a great range of human-typi-
cal behavior, including our tendency to place inter-subjec-
tivity and attributions of intention — both of which are
seen, even from the MR point of view, asrelated to the de-
velopment of co-perception —in a central place in our ac-
counts of human uniqueness.

Thus, while the MR and distributed models converge
on what they see as the important areas for future com-
parative research, their methodol ogical and theoretical ap-
proaches to those topics differ significantly. The primary
differences appear to lie in their focus on internal, indi-
vidual versus observable group processes, and in their
tendency to characterize human capacities as a discontin-
uous departure from those of other species versus an elab-
oration of traits common to all socialy complex animals.
For researchers interested in learning about cognition
from observing naturally occurring behavior, the distrib-
uted model offers a valid and productive methodol ogy,
and atheoretical framework especialy suited to assess the
dynamical processes involved in cognitive development
and evolution. Not only can this approach secure the re-
searcher’s footing in empirical observation, but it may
also ultimately help develop criteria for an ecologically
valid and evolutionarily cogent theory of representation.
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