26/01 00 13:07 FAX 0118 9318220

Anim Cogn (1999} 2:63-72

REVIEW

Richard W. Byrne ,
Imitation without intentionality.

Using string parsing to copy the organization of behaviour

Reccived: 11 January 1999 / Accepied sfrer revision: § March 1999

Abstract A theory of imitation is propesad. siring pars-
ing, which separates the copying of behavioural organiza-
tion by ohservation from an understanding of the cause of
ity effectiveness. In string parsing, recurring patterns in
the vistble strcum of behaviour arc detected and used to
build a suatistical sketeh of the underlying hierarchical
structure. This statistical sketch may in turn ajd the subse-
yuent camprehension of cause and effect. Three cases of
social leaming of relatively complex skills are examined.
as potential cases of imitarion by string parsing. Under-
standing the hasic requirements for successful string pars-
ing helps to resolve the conflict berween muinly negative
reports of imitation in experiments and more positive cvi-
dence from natural cenditions. Since string parsing does
not depend on comprehension of the intentions of other
agents or the everyday physics of objects. scpurars tests of
these abilities are needed cven in animals shown (o feam
by imitation.

Kcy words mitation - Skill leaming - Intention - Cause
and effect

Introduction

The history of animal imitation has seen u succession of
reintcrpretations. Each time. a subset of the various be-
haviours considercd to reflect imitation has become un-
derstandable by some newly proposed theoretical mecha-
nism (Galef 1988; Visalberghi and Fragaszy 1990;
Whiten and Ham 1992). In most casex, the general accep-
tunce of the new mechanism has been on the basis of par-
simonly — that it is a simpler explanation — rather than by
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applying a test diagnostic of it (Roitblat 1998). Imitation
as an explanation is “not simple™ because it is taken to
rely on onc or more unobservable or otherwise mysterious
cognitive mechanisms. Mechanisms proposed to underlic
true imiration include the mental perspective wanslations
involved in “seeing the world from anothet’s viewpoint".
lhe ability to conceive of the goals and intentions of other
individuals (theory of mind). and the visual-kinassthetic
transformation allowing conversion of visually registered
actions into n organized pragramme of commands to ef-
fector muscles (Bruncr [970; Heyes 1996: Tomascllo et
al. 1993 a).

In the last ecntury, the 1erm imitation would seem 1o
have been dafined in the rather vague way that it is sali
used colloquially: almost any case of two animals doing
the samc thing closc Logether in time was treated as imira-
tion. E.L. Thorndike's practical definition “leamning 10 do
an act from seeing it done™ focused artention on the kay
role which obscrvarion plays, ruling our all those cases in
which prior observation is unnecessary for behavioural
matchiny to occur (Thomdike 1898). But obsarvation of
what, precisely: the agent’s movements, or the objects to
which they ure applied? This distinclion was raised by
K. W. Spence's notion of stinutlues enhancement, in which
seeing some act done in a particular place, or to some par-
tictlar object, would increase the obscrver’s probability of
going to thar place or interacting with that ebject (Spence
1937). As he notwd, ance behavioural exploration is fo-
cuscd upon a narrowed range of stimuli, chance discovery
of the means of achieving the goal is made much more
likely, even if the other individual's actions themselves g0
unnaticed or unremembered: and numerous cases of so-
cial learning proved explicable ax stimulus cnhancement
(Galef 1988). M. Tomasello further drew attention Lo the
power of he physical situation to cnable leaming, intro-
ducing the concept of emuiarion: thar is, what may be
leamt from the conscyuences obscrved happening (o
things in the environment, as a result of another individ-
ual’s actions, but without learning the actions themselves
(Tomascllo 1990). Thus. if an individua! sees a coconut
smushed against a rock. breaking to disclose edible fcsh,
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then by stimulus enhancement it may focus its subsequent
actions on the site (below a coconut tree) and the object
(coconuts), and by emulation it may now know that co-
couuts are breakabie and edible — all without learning the
particular method of breaking, the behaviour, employed
by the model. In the light of this new theary, 1o test
Whether a putative case was truly imitation, researchers
would need first to replicate the whole situation, but mi-
nus the bodily actions: if the leaming was still as effec-
live. then the original case need not be seen as imitation,
The discovery that naive tits (Parus) leamnt 1o peck open
the foil cups of milk-bottles as quickly afier finding bot-
tles already pecked opin as by warching experienced tits
open them (Sherry and Galef 1984) vindicated this ap-
proach. Most recently, even a direct effcet of seeing a par-
ticular action has been challenged as insufficient o diag-
nosc imitation, R. W. Byme showed that, in the sams way
that one stimulus may be enhanced over another. tncreas-
ing the probability that the individual would interuct with
it, 50 one response (i.e. a volunlary action in an individ-
ual’s existing repertoire) may be enhanced or primed by
sceing it done, cuusing a higher probability of the re-
sponse occurring subsequently (Byme 1994). This re-
sponse facilitation may underlic the various effects found
using the experimental “two-action method” (Byme and
Tomasello 1995), sometimes claimed to be the only con-
vincing evidence of imitatjve capability in animals (e.g.
Heyes 1993, p. 1000). Part of the neural mechanism of re-
sponse facilitation has already been identified, the so-
called mirror neurons in monkcy cortex (Gallese and
Goldman 1998; Perrett et al. 1989; Rizzolani 1981); these
cells respond equally to the same action, such as picking
Up a pcanut or grooming hair, whether this is done by the
monkey itsell or an individual it is warching. The theory
of response facilitation has emphasized the naed (0 Te-
quire navelty when claiming animal bchaviour as imira.
uon (though from everyday experience we know that we
can also imitate [amiliar actions. If we so wish).

By this point, the sct of animal behaviours that can un-
equivocally be ascribed to imitation has besn much re-
duced in number. (Though note that in many of the ex-
Cluded cases the possibility of imitation is not yel ruled
out, only this would be a less parsimonious explanation.)
Indeed, if the process of reinterpretation in tcrms of “sim-
pler” mechanisms continues, the set may eventually be-
come empty. It is the contention of this paper that thar out-
come would be a positive one, provided each of the pro-
Posed mechanisms is definite (i.c. mechanical) rather than
mysterious and unspecified, and as such more testable
than imitation itself (sec also Mac Aogain 1998) Further,
If @il the possible mechanisms by which an animat could
“learn to do an act from seeing it done” werc properly un-
dersiood, a more balanced, Bayesian approach could be
applied to deciding in a given circumstance just which
mechanism had been important. This would get away
from the current unfortunate necessity to argue in terms of
which null hypothesis is most plausible a priori, and
which explanation is most parsimonious of extra theorcti-
cal baggage. neither of which are easy judgemecnts to
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make. It is in this spirit of aiming towards eventual com-

pleteness that tha theory expounded in this paper is of-
fered: imitation by string parsing.

The current challenge is 1 sce how imitation — i.e.
some significant subset of those behaviours not already
explained by one of the mechanisms alrcady specified —
may be achieved in a way that can be spectfied clearly and
mechanically. In the process, it would be ideal 10 avoid
the need of unduly elaborate mental mechanisms, such as
the nich intentionality of understanding the plans angd
goals of angther individual, or vague and mysterious ones,
such as visual-kinaesthetic transiation. I will first develop
the string parsing model in relatively abstract terms; thep
consider whar sonts of input data would be necessary for
such a system to work, thereby developing predictions of
the Circumstances in which iis operation might be ex-
pected and what effects it should produce; and finally ex-
amine some empirical data thar might be ¢xplained as a
product of string parsing,

A theory of imitation: string parsing

Consider an animal watching unother individual’s behave
lour, and supposc that this behaviour is novel to the
viewer, in that the behaviour as a whole does not form part
of its repertoire - although the component actions that
make up the organized strucrure of the behaviour may
well do. If the obscrving animal were subscquently to
show the behuviour, without any intervening schedule of
rewards or punishments from trial and error interactions
with the environment, then none of the existing non-imi-
tative mechanisms could accoumt for ir. How might it
have been copied?

Assume that the animal is capable of seeing the other’s
behavlour as made up of a scquence of simpler elements.
One obvious way it might do so is if each element were an
action already forming part of its gwn repertoire, and at
some level of detail any action must be comprised of units
which a conspecific has in its repertoire, Alternatively, the
elements might simply be discriminably different states of
the physical world affected by the behaviour; this differ-
ence will be explored further, after the model has been in-
woduced. The basic input for string parsing is the lincar
sequence of elements, A. B, C, D, E, F... and so on.
Strings of this kind are remembered and thereby com-
pared, in a search for data-reduction by the discovery of
pauems. Out of these one-dimensional, linear strings of
elements is gencrated an organized structurc in which the
links are correlational — a “staristical sketch™ of the action
(Fig.1).

Any one string may be entircly ambiguous as to whar
Structure underlies it, but as, more and more siings are
cross-carrelaied, the regularitics can berray the organiza-
tion. Even for complex behaviour which is hicrarchically
organized (Byme and Russon 1998: Dawkins 1976
Lashley 1951), the undcrlying structure impaoses a distinc-
tive signaturc on the linear sequence of elements that
serves to show how the fluid stream of action may be
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statistical regularities
sequence and loops
essential states

Fig.1 Schematic dingram of ihe stages of imitation. Trans-
formations are shown as downnurd arrows: firsdy, into strings of
clements (sequencing), nexl. inlo a satistical sketch of the under-
lying process (siring parsing), last, into o full causal-intentional
repiesenution. It is argued that this finsl stage (shaded box) is not
necessary tor effective imitatton of novel, complex behaviour

“carved at the joinws™. For instance (and no doubt there are
many other principles than these):

1. In a hierarchical organization, modules oceur in which
the elements sccm to more rightly bound together,
whereas at a junction between modules the Link is weaker
(e.g. A=B=C-D=E=F; ¢lemenis joined by = are tighter
bound together than those joined by -). Interruptions oc-
curring at these junction-points will permit smooth re-
sumption once the distraction is past; in contrast, interrup-
tions within a module will force the animal to “begin at
the beginning again™, either the beginning of the module
or of the entire program. Partly, this is an incvitable con-
sequence of hierarchical organization: it is easier to keep
track when interrupted berwcen one subroutine and the
next: in addition, the clements of frequently used subrou-
tines will tend to become “chunked” as larger units of be-
haviour (c.g. Welford 1968. p. 179). Thus, interruptability
is a correlate of structure.

2. Inaflexible, hierarchical organization of behaviour, un-
necessary stages or modules can be omitted, on the basis of
local circurnstances. So, in repeated strings that are broadly
similar, canain sections will oceur in some strings but not
others, signalling the underlying modular structure (e.g.
numerous instances of both A,B,C,D.EF and AB.EF
signals A=B—C=D-E=F).

3. Modules. uscd as subroutines in a hierarchical organi-
zation, may be employed iteratively until some criterion is
reached (cf. the test-operate-test-exit unit of Miller et al,
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1960), and repeated “loops” around a subroutine give a
distinctive sequence of sequential clements: a series of re-
peated short strings, embedded within the main sequence
(e.g. A.B,C,B.C,B,C,D,E signals that B=C is an icrated
subroutine).

4. In many eases, planned behaviour leads 10 the achieve-
tuent of a goal. Thus, consummatory activity of some sort
(c.g. eating a food item), coming afier a sequence of cle-
ments, indicares a proper end to thar sequence. In some
cases, the proper start 10 a scqucnce might also be visiblc
in behaviour, if no other activity occurred mmediately
beforchand; thus some “complete” strings of elements
carresponding to goal-directed behaviour can be identi-
fied. More generully, the appropriate phuse in which se-
quences need to be meshed to detect the recurring patterns
may be indicated in this way.

3. In minor and trivial ways, svery execution of a behay-
iour is slightly differsnt. The charucteristics that always
oceur, in regular positions in every siring of elements
leading to the same outcome, can therefore be identified
as necessary oncs, whereas those that do not are reveated
as unnecessary. Thus, by comparing a series of strings that
lead 1o the same outcome, the ordered sequence of neces-
sary elements that leads 10 it can be jdentified.

6. A subrourtinc may be used in morc than one program,
or one program may be used as a subroutine in another.
Thus, once some strings have been identified as forming
discrete modules or more complex structures, ther these
patterns can be picked out in as-yet-unparsed strings of ¢l-
cments,

A string-parsing algorithm which is sensitive to these reg-
ularities will inevitably senerate a statistical sketch which
lerds to mirror the actual organization of any planned,

complex behaviour!, (For random strings of elements, no -

statistical sketch would emerge.) Depending on the com-
plexity of the behavioural organization, however, numer-
ous instances may be nzeded to provide sufficient data 10
extract 4l] the crucial regulanitics.

The organization of complex behaviour can in princi-
ple therefore be “perceived™ in a rather literal way. in-
cluding the starting conditions, the outcome or goal, and
the statistical regularities of elemments that connect the
two. In this manner, the behaviour may be copied - at pro-
gram level (Byme 1998). If each ¢lement were an action
in the observer's repertaire, use of the statistical sketch to
build a novel behavioural routine is particularly siraight-
forward. The gystem ol mirror ncurons in pre-motor and
associated temporal cortex of macaqua monkeys (Rizzo-
larti 1981; Rizzolanti and Gentilucci 1988; Perrer et al.
1989) provides a feasible ncural basis for this process of
segmenting fluid action into a string of discrete elements.
cach one an action in the observer's repertoire - effec-

'An algorithm which operates uccording 10 same af these princi-
ples, LAWE, has apparently been cffeetive in simuiating the chil-
dren’s leaming of arithmetical procedures. such as long division,
by obsarvation of worked examples (E. Furse, unpablished work).
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tively, “reading the lerters” of action by means of response
facilitation, action by action. If the ou tput of scementation
by mirror neurons were the input o the string parsing
Process. then the statistical sketch would mirror behav-
ioural organizarign dircctly, Altematively, if each per-
ceived element were 1 stare of the physical world - for ex.
ample, how an object looked after some manipulation had
becn applied 1o it - then the statistical sketch would spec-
ify the organization ang sequence of transformations neg.
essary to reach the goal. What actions are needed 1o make
each transformation would then sril) need to be acquired,

string parsing.

The mental appararus to (in effect) cross-correlate among
very large numbers of sequences will need to function au-
tomatically and efliciently without demunds on central ca-
paciry; just as with response facilitation, a specialized
neural system is perhaps likely. Also, while the emphasis
m this paper is on the structura] information which can be
extracted by string parsing. the mechanism of extracting
correlational structure from sequences of observed bohav-—
iour seems unlikely to be entirely different to the associa.
tive mechanisms underlying classical conditioning (see
Dickinson 1680). For instance, it might be that the undar-
lying correlaton-extraction mechanisms overlap consid-
crably, but some specias of animal lack the addirional ca-
pacity to assemble any hicrarchical, co-ordinated action
plans, and thus fail 1o shaw Program-level imitation. These
rclationships will be interesting to explore in the futurc,

Of course, when adult humans “see” the structurc that
lies behind Nuid behaviour sequences, they typically also
¥0 0N  intcrprer the sructure causally and intentionally
(Fig.1). We just perceive complex actions as organized,
S0 Lhat;

1. The sequence seems 1o be logical, with one thing fol-
lowing from another (because it causes/permits it),

2. The whole performance Seeqs intentionally aimed at a
final result, one which makes sense for the doer,

Sometimes, of course, the undersunding behind such as-
criptions muy be flimsy. As & frst approximation, humans
might often assume correlational sequences to be causal,
and assurne the intermediate but necessary states w be
subgoals. These assumptions would wsually be corract.
Further, humans have other sources of informarion that

themselves have been taught formally about causes and

If understanding were based on a satistical sketch
alone, comprehension would ¢learly be limited. In such a
sketch, the reasons why an acuon is done once or many
times, how a choice is made betwean possibilities, wiry an
intertuption occurs herc rathar than there, are all “unge,-
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stood” in a loca] sensc only. This sense of understanding
does not start from what the individual intends, or depend
on knowing the everyday physics of the transformations
that are made on the environment. Nevertheless, since by
String parsing it is possible o derect organization, without
necessarily understanding the Cause-and-effect of physicy
or the intentions of psychological agents, un apparently
intentiona) understanding can be derived by a mechanical.
correlational process, For an animal unable to represcnt
the causal-intcntional logic of siwations, this might pro-
vide a real benefit in allowing imitarion of certain impor-
tant skills. In the next seclion, I will examine the circum-
Stances in which this benafit might be obtained,

Limitations on imitation by string parsing

Most of the proposed criteria, by which an underlying
SITUCture can make itself evident ag the surface leve] of be.
haviour, depend on having an extcnsjve corpus of data
available. By definition, a process that uses multiple repe-
titions of intrinsically “the same” iequence of actions, (o
clarify which elements are obligatory ones and which arc
trivial variations in résponse 10 changing circunmstances,
requires the opportunity 1o ses the ob done many times,
Consummatory activity, marking the proper end of a goal.
dirccted sequence. will give a useful hint as to the correct
phase in which 1o align repeated sequences. bur whether
the start is clear in the surface form of behaviour will be
much more variable. Both the occurrence of jteration, und
the omission of optional stages. will depend on particular
features of the problem, and cannot be relied on to appear
in every sequence, Ang obviously. inierruption js unlikely
10 occur frequently, since animals will tend to seek Joca-
tions for thair activity wherc they are not interrupted.
Thus the cardinal requirement for string parsing to work
usetully is repeated views of the acrivity.

Self-evidently, thesc views must be clear oncs to be
useful. In the laboratory. thar can usually be ensured, but
in the natural environmenis in which any copying mecha-
nisms must have cvolyed an animal capaot rely on re-
peated, clear views of another's activiry execpt in rather
specific circumsrances. Further. if the activity does not
produce visible effects on the environment at every stage,
thea the only elements thar can serve for string parsing are
bodily movements, not states of the physical world. This
1s imponant, because jn bractice it may sometimes be eas.
ier to see the objects that are affected than the movements
that caused the cffects. while in other cases the actions but
not their cffects may be visible.

Finally, in order to collect the necessary quality of data
for any string parsing mechanisms to operare on, an anj-
mal will have o pay close. aitention to another's activity
for lung periods, Thus, the activity must in some way be
intringicatly interesting or attention-grabbing for the ob-
server.

What activities are naturally likely to promote pro-
longed attention. to be clearly visible or produce norice-
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able effacts, and 10 reeur many times in essentially similar
organizational form? And whar clusses of individuals wi}l
have tie opportunities 1o make these obscrvations? Wild
mammials typically spend the largest fraction of their time
budget cngaged in foruging. This activity includes two
components that may benefit from social learning, search
strategy and processing wehnique; depending on the range
of diet items consumed, both searching and processing
may present multiple occurrences of similar actions. Sinee
successful foraging resulls in ingestion of food items, it is
iikely to be intrinsically artention-grabbing (or any mam.
mal. excepl a baby wholly nourished by milk. However,
feeding competition is a major limitation on socially living
species, which often therefore forage ar much grearer in-
ter-animal distances thun when engaged in other activitjes,
The cbvious individuals ro whom this does not apply arc
dependent offspring. Thus one likely site for a bepefit
from string parsing would be social lcarming of maremnal
teeding skills by offspring approaching weaning. Social
activity is 4lso prominent in the tine budgets of many
species, and in most catarrhine primates this includes a
manual activity that recurs very frequently: groomiug. To
be effective. this activiry does require bimanual co-ondina-
tion and deft manipulations made in a systematic fashion,
but to what extent it includes skills thar need to be leamnt,
socially or otherwise, is unknown. In this case, the range
of opporunities for prolonged observation are greater.
Meorc narrowly applicable still. among great apes cvery
adult needs 1o fashion a sleeping nest or bed each night:
since these are arboreal structurcs in most populations,
only dependent offspring could observe the details of any
other individual’s cforts at nest construction. Again, it is
unknown at present to what extenr this procedure is under
relanively tight genelic control, like the nest and bower
building of varivus species of birds, and to whar extent in-
dividual and social learning is important.

Of these suggesrions for circumstances that might pro-
vide potential sites for program-level imitation by string
parsing. there arc extensive data at present only for the ac-
quisition of matemal feeding skills. This has been swudicd
in a4 number of species, and in the next section attention
will focus on the acquisition of feeding skills in an ate
Tempt to locate real cases of imitation by string parsing,
Many mammals and birds src not required 10 perform any
complex behaviour 1o access food resources, or if they do,
it is performed in a relatively stereotyped fashion by all
species members. Some remarkable exceptions do exist,
however, encouraging specularion about learning by imj-
tation. Sume of these will be examined us potantial sites
for the operation of string parsing mechanisms.

Potential examples of copying by string parsing

These are not meant 1o be in any way an cxhaustive set,
but since they involve social leamning of relatively com-
Plex skills they present prime cases for which explanation
is needed.

CYBERNETICS

67
Rats in pinc foresis

Black rats (Ratrus rattus) in pine forests around Jerusalem
hive been found o process pinc cones in a systematic
way, rather in the manner of various spccies of squirral
(Sciurus), in order to reach the seeds (Aisner and Terkel
1992b). The mathod involves dataching the cone from the
branch without dropping it, carrying it to a secure branch,
then systematically stripping off scales in a spiral, begin-
ning [rom the base and proceeding upwards, This is not a
species-typical behaviour of bluck rats, and indeed naive
rats do not learn it when given unopened cones. evan if
food-deprived. Cross-fostering the offspring of naive and
experienced mothers on esach other has shown that the
skill is soeially rather than genetically transmitced (Aisner
and Terkel 1992a). It is clear that stimulus enhancement
and response facilitation are inadequate as €Xplanations,
SiNCe an orzanized process must be acquired, whercas
string parsing would be well able to account for the nor-
mal acquisition of the skill: the Process is visible both in
actions and effects, it involves auention-grabbing food
items, and is performed Many times by the mother.

Interestingly, naive yuoung rats can also learn the skill if
they are taken through a structured scrics of encounters
with part-stripped cones, beginning with an almost-com-
pletely processed cone, and then in subsequent cones
steadily reducing the number of rows of scales already re-
moved (Aisner and Tarke! 1992 a). Seeing the behavioural
scquence is thercfore not sieictly necessary, and on this
basis it might be argued that young rats learn by emula-
tion. However, note that the order in which the cones nesd
to be presentad to achieve this tesult is precisely the
reverse of the order in which these products nawrally
appear during cone processing. Indeed, Terkel (1994,
P- 252) notes that “this is not a situation that occurs in na-
ture”. Thus, humans can reach rats how [0 process a cone
without the rars evar séeing it done, but there is no reason
to think nat al colncidence could achieve the same ef-
fect; in 10years of working on the problem and surveying
the pine forests, J. Terkel and his co-workers have hardly
ever found partially opened cones.

To arguc that emulation could account for the nomal
process of leaming, it would be necessary to present a se-
nes of pant-processed cones in thc normal processing ore
der. And even if this did aliow the rats 1o learn, it would ~
on its own — be insufficient o show thar young rats nor-
mally lcarmt by observing the praducts of behaviour rather
than the behaviour itself. Firsily, since the young rat
would normully see the part-processed cones while the
mother processes them, not discarded on the ground, the
ideal experimen would present the physical transforma-
tions that a cone undergoes during normal processing, in
the absence of rat behaviour, This could be dane by
graphic cditing, if rats could successfully artend to video
images. Secondly, it might be that the rats could leam
equally by observing their mother’s behaviour, without
sceing what happens to the pine cone as a result. Aguin,
graphic editing could be used, here to present behaviour
without physical wansformarions of the objcct. The

Qoos
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performed, and since they involve odd and potentially dif-
fieult situations for a rat o deal with (rats, for instance, do
Dot appear to comprehend videg images as monkeys or
apes do), they may never be.

The fact that these crucial eXperiments are so difficyl
to carry out, and 5o far removed from the natural circum-
stances of learning, may be signalling an important mes-
sage. The experiments are only “crucial” in the light of
the disputes in recent Lterature between whether leaming
was by means of emulation, in which novel properties of

or “pro-
gram-level emulagjon™ would completely miss the point
(Byme and Russon 1998; Russon, in press). What is im-
bortant is that a nove] Organization of behaviour can be
acquired by observation. Which Precise aspects of the
stimulus situation fucilitatc this observation is of course of
interest, and jt may be that the physical consequences of
¢ach behavioural act are sometimes easier to sac clearly
than the movements themselves. But that would not make
it appropriate to describe the process as emulation, since
what is leamnt js a transformarional sequence, not a Pprop-
erty or “affordance” of ap object.

Terkel (1994) himself concluded that, most likely,
young rats learn by stealing half-processed cones from
their mothers. If so, then plausibly they would begin by
stealing concs whose processing is nearly ¢omplete, with
seeds visible, but - as the sight of less and less fully
processed canes becomes associated with cating, and thus
rewanling — gradually extend to carlier stages of the
process. Rather than learning by emulation, young rats
would be learning by trial and error explonation structured
by the mother's behaviour of allowing access 1o part-
processed food, This explanarion is plausible, but it re-
mains possible that the rags learn by program-level imira.
tion, based on a string parsing analysis of the numerous
processing sequences that young rats have the opportuniry
10 watch. Detailed ethological obscrvations of mother and
PUp rats interactions over pine cones will be needed o
discriminate betwcen thess hypothcses, although stryc.
tured trial and error js perhape morc likely. On present ev-
idence, Israali cone-cating rats do not show program-level
imitation by string-parsing, but their data arc close
enough  serve as a uscful baseline for its identificalion,
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Gorillas in herb meadows

Mounuain gorittas (Gorilla g. beringes) in the Virunga
mountains of central Africa live in areas where almost no
fruit is avajlable, by exploiting herbaceoys vegetation
(Warts 1984). In these temperate and sub-Alpine zoncs the
herbs largely lack toxie secondary compounds, and some
are relatively rich

herbs requires z different, but more or Jess equally com-
Plex technique, yet all individuals have reached adult lev.
elx of proficiency by the age of weaning, as measured by
the time to process the average handful (Byme and Byme

what r-sclected mammal (Leon 1976), like a black rar, the
probability of several diffcrent techniques evolving ip 3
sub-population of a mamma] s K-selected as a grea; ape
must be vanishingly small. Note also that each technique
is only valuable for dealing with a panticular species, and
all these herbs are restricted to 4 limited altirudinal zope
on a few mountajns,

The precise actions used 10 achicve each stage of pro-
cessing. and the laterality of the whole, bimanual program,
vary idiosyncratically between animals and show po sign
of running in fumiljes, However, the averall organization
of each technique is remarkably standardized across the
study population, despite the fact that the choice of which
Zeneral action to

organizational lavel but with individual variation in the de-
tails = is just what would be ¢Xpected from acquisition by
string parsing, and indeed thesc data were originally used
to argue for program.jeve! imitation of the techniques
{Byme and Byrne 1993; Byme and Russon 1998). On the
other hand, the mechanism proposed by I. Terkel to cx-
Plain ontogeny of pine cone stripping can be ruled out; the
gorilla data come from an cthological study, where we cay
be sure that unweaned gorillas did not sraal part-processed
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plants from their mothers (never, in 510 h focal and much
tncidental observation; mothers did somctirnes steal high-
quality plants from unweaned infants, however!), Nor was
any teaching observed, even of 2 weak form such as mak-
ing available pan-processed foods to infants (Byme, in
press). In the case of some of these hard-to-process plants,
infants would be able to examine processing debris
(Peucedanum, Carduus); however, this debris is not of a
Sort 10 “scaffold™ acquisition, and for other plant foods no
debris is produced (Laporiea, Galium). The remaining al-
lemative is that infant gorillag might derive a whole serjes
of camplex techniques, Structurally identical 10 those of
their parcats purcly by individual exploration and ¢mula-
tion leaming. This is hard 1o discount withoyt experiments
involving food deprivation — these plants are clearly up-
pleasant and often painful for Young gorillas to handle -
but can hardly be said to be A parsimonious explanation,
compared to the definite mechanica) process of copyiag by
string parsing.

Chimpanzes wraditions o tool use

Unlike any other non-human animal, chimpanzees (Pun
trogladytes) use tools for a wide range of mechanicat and
social purposes (McGrew 1992). Among this range are
three particularly camplex and elaborated skills: using
Plant probes to “fish” for Wrmitcs (Macrotermes and
Pseudocanthotermes) and Campanotus ams (Goodall
1964; Nishida 1973), using woody sticks to “dip"” for
Dorylus ants (McGrew 1974), and using hammer and
anvil stones o crack Panda und Coula nuts (Boesch and
Boesch 1983; Sugiyama and Koman 1979). In all three
cases, an organized sequence of actions is required, be-
ginning from selection of too] or the material from whijch
it is made, and as with gorilla plant feeding the choice of
each action is under-determined by the stimulus: this is
most obvious in the case of tool-making or 100l selection
in advance of @Tiving at the site of use, Also Teminiscent
of the gorilla skills is the Strong behavioural lateralization
of these tasks, unlike other chimpanzee manual action
which is typically unlareralized (Marchant and McGrew
1996y, Only for nurcracking has uctive teaching been re-
ported (Boesch 1991), but it ix very mrc, only two cases
over 1] years, and evidently not the major means of ac-
quisition. However, numeroys inter-population differ.
ences in taol-using and other behaviours have long im-
plied that social learning was important in maintenance of
these traditions, and the more complex of them were
Laken to rely on imitation (Nishida 1986).

M. Tomasello challenged this interpreration, sugges:-
as sufficient explanation: since the tradi-
tions did not show distinctive styles in different popula-
tions, all that need be learm by observation was physical

? However, insact-fishing for Campanones anzs is unlazcralizd
(Nishida and Hirsiwa 1982), and smashing open of Strychnos
frtits against anvits of Stone or wond s lateralized (McGrow er ul.
1999),
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stance, in differan; populations probing tools ape re-sharp.
ened by biting frayed tips, rotated to use the other end, or
simply discardeq McGrew et al, 1979). Most tellingly, the
same species of Dorylus ants arc eaten with different tach.
hiqucs of dipping in differen: popularions , In East Affica,
the ants are allowed to swarm up 2 long wand which js
then swept through a precision grip of the other hand (0 gc.

and the ants are bitten off the
1990; Sugiyama 1995; Sugiyama er al. 1988). This method
is less efficient, yet the tradition is widespread and persis-
tent; it is evident thar the behavioural skills are maintained
by imitation — but of whyy sort?

Just like the gorilla techniques of plant processing, the
fraditions of insect feeding and nut-cracking in chim-
panzces involve multiple fepetitions, of easily visibie
manual sctions, maost of which produce visible effacts,
and they finally resulr in food ingestion: they thus fir all
triteria for string parsing. Since female chimpanzess per-
form substantially morc too] use than males (McGrew
1979), young chimpanzees would have cspecially many

ltation by string parsing is necessary, and on current cvi-
dence it would also scem sufficient.

—

Discussion

Imitation of complex behaviour — with sequential soruc.
ture, hierarchicg] organization, and co-ordination of com-
plementary actions by diflerent effector organs — can un-
der certain circumstances be achicved by a definite method
which depends only on observable events: string parsing.
Just those circumstances are met armong mammals in the
case of several complex feeding skills. in species as qi.
VOrSe us rats and apes. In the case of pine—cone-Orpcning
by black rats, a satisfactory alternative explanation exists:
Pups stealing part-processed food remains from the
mother would find their skill acquisition structured to-
wards evenwal success. In mhe current absence of evi-
dence of imitation of skills in the entirc mammalian radj-
ation — with the exception of the great apes = this expla-
nation iy presumably more likely. Other cases where
suring parsing is a candidate cxplanation include several
techaiques of plant processulg by gorillas, for which
learning from past-processed food is not possible and the
only altcrnative account is the implansible one of individ-
ual cxploration and emulation learning; and several to0l-
using traditions of chimpanzees in which population dif-
fercnces of style and lechnique also rule out that possibil-
ity. Tt has oftcn been argued that skill leaming by imijtation
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is restricted t great apes (Byre 1995; Byme and Russon
1998: Purker 1996; Whiten and Byme 1991): the thesis
developed here is that String parsing is a sufTicient expla-
nation for thesc data, and that deeper understanding of
demonstrator intentions and the cause and ¢fFect of the ac-
tions are not niecessarily involved.

String parsing is a definite process. in thar jt relies on
specified fearures and a mechanical process. These in-
clude: sequential order of actions, with TeCUITINgG pattems
in these sequences; recurring elements (as opposed to
variable ones) in al| corresponding sequences; interrupt-
ibility and optionality of parts of sequences; identifiable
temporal links with consummatory actions, and so farth.
All thess features are ohservabie, and what is nceded is
simply a statistical process, effectively cross-correlation
of sequential informarion, in order to extract regular pat-
terus. No reference is here made 0 mental transforma-
tions of perspective by unspecified means, or to compre-
hension of invisible mental states of other agen;s,

For string parsing to WOrK. it is necessary for the fluid
stream of behaviour to be perceived as scgmeared into
discrete items: only then can the statistical regularities of
strings of these items ba extracted, and recurring patterns
of behaviour related 1o goals in the environment Qpe
possibility is that any action that an individual can iiself
perform can also be Tecognized in the observed behaviour
of another (responsc facilitation); the existence in
macaque monkey corex of mirror neurons, which makc
Just this generalization, makes this the simplest and most
likely undcrpinning of imitation by string parsing in great
apes. The absence of any evidence of imiration In mon-
keys seems puzzling at first sight, but would be cxplained
if response facilitation by mirror neurons evaived. not for
SKill learning, but for interpretation of social intentions
and demcanour (Gallese and Goldman 1998). Effective
segmcntation is crucial to imjtative learning, and just as
cognitive scientists studying imitation may have troubic
with the segmentarion issue, so may novice leamers.
Some of the exaggerated prosody and form typicat of hy-
man hehaviour that is done as teaching might be best un-
derstood as a means of conveying the appropriate seg-
mentation (as suggested algo by Parker und Russon 1996,
p-437). With the segmentation problem thereby solved,
imitation becomes a more practical method of acquiring
much more subtle and difficulr skilis. More recent adapta-
tions, restricted to the great ape clade, may allow detec-
tion by string parsin ¢ of underlying structure in behaviour
segmented by mirror ncurons, and to build the hicrurchi-
cal planning structures of program-icvel imitation,

Pethaps now this completes the array of theoretical ap-
paratus neceéssary to understand all the animal behaviour
that is labelled as “imitation™? Thut hope is no doubt
slightly too optimistic. but ft may be worth taking os a
working hypothesis the more restricted proposition that
“string parsing, in conjunction with the simpler mecha-
nisms of social leaming already known, can accounr for
ail cases of skill leami g by imitation”, Copying of facial
and other gestures, and social mimicry in general, has
been suggested to have u socia) {unction und an evolu-
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tionary arigin independent of kil Icarning (Byme and
Rmsqn 1998: Melizoff and Gopnik 1993).
Stx:yng Parsing can also help make sense of some of the

pletely failed (o imitate, even an individual with long ex-
perience of humans and their ancfacts (Call and Toma-
sello [994, 199%), 1n striking contrast, orangutans at a re-

activitics (Russon 1996; Russon and Galdikas 1993): saw-
ing wood, washing clothes, cutting and tidying weeds on
& path, and so on. These activities all possessed the char-
acteristics that make String parsing possible: they were re-
peated. ofien many times 8 day, and all stages were visible
and clearly related 1o their outcomes.

Chimpanzees imitara key aspects of some traditions of
tool-using in the wild, yet in captivity they have often
failed 10 imitate to order (lomasello and Cal 1997). Here,
the few successes may be revealing sbout the causes of
more general failures. After 2 particular method of open-
ing a puzzlc box, with prominent extemal catches and
food inside, was demonstrated, imitation was nor clear in
chimpanzee subjects: but when repeared auempts were
scored after further demonstrations had intervened, cvi-
dence of sequence copying gradually emerged (Whiten
1998). The effect was not large, but then the number of
Sequences observed in total wyg tiny compared to those of
termite-fishing or hummering that a young chimpansce
watches in the wild, [(Note also that Russon (1996) sug-
gested thar TECUITENt attempts at reproduction may be a
standard featyre of learning by imitation.] Chimpanzees
that have experienced extensive interactions with humans
during their development do imitate demanstrared actions
with simple human artefacts, whereas mother- or nursery~
reared individuals seem unmoved (Call and Tomasello
1996; Tomasello et 3. 1993b). But consider the diffar-
ence in experience of these lodividuals, Those brought up
with humans are used o & wide range of ways of interact-
ing with human artefacts already, their “repertoire” of par-
termed actions is thus greater. Ostensibly the same demon-
Stration, then, is very much less complicated for them,
since much of the situarion is already familiar. The differ-
ence in performance may €quate to their operating in a
different “zonc of peoximal development™ (Vygotsky 1978).

&oog
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The fact that the structural organization of skilled ba-
haviour can be extracted by string parsing, with no need of
an understanding of the “everyday physics” of cause-and-
effect, means that imitation Per s& can no longer b used ys
a non-verbal test of such cumprehension. Even in e ele-
gant experiment of Meitzoff (1995), in which 18-month-
old infants see aduli modals Jailing to complete some ac.
tion sequence, yet they eopy the intended (but not seen)
act, it may be argued that the complete sequence mighy al-
ready have buen acquired by string Parsing. As an alterna-

ing is done from one end can the object be obtained. Some
children saw the actiop performed perfectly, while others
saw the mode! put the stick first into the wrong end, then
remove it and poke from‘the other end; thus both groups
saw successful performance, but for one an &ITOr was
nearly made each time. On the basis of string parsing
alone, the children in thjg latter case should have treated
the aborted poke into the wTong end s part of the succass-
ful scquence. Yet in fuct these children did not copy the in-
correct insertions, and interestingly they actually learnt
significantly more quickly than thosc who saw only error-
frce demonstrations. The implication is that what they
learnt was an understanding of how a trap can prevent suc-
Cess, not simply a panemed sequence of actions. This task
has yet to be tried with Ron-humans. but should serve as
one way of distinguishing causal understanding from imj-
tation by string parsing alone,

Drawing a sharp theoretical line between imitation by
string parsing and causal/intentional understanding may
enable a better appreciation of how they articolate in Prac-
tice. It seems possible that, in the absence of instructional
tcaching by language, an organism could not in principle
understand the purpose of another’s behaviour and how it
physically achieved thjs purpose if it could not first purse
the behaviour into jts appropriate componcnts, Conscquenly,
it may not be possible 1o find Organisms that can achieve
a causal/intentignal understaqding of complex behaviour
but cannot imitate it Moreover, ance imitation is seen as
somcthing that can take place without prior causalfinten-
tional understanding ol what is imitated, then ir may be
that the process of imiration is sometimes helpful for ac-
quiring such understanding. That js, an organisi may im-
itate a complex behavioural process without undersiand.
ing it, and by doing so come 10 grasp better the cause-and-
effect nature of the process and it purposc. Indeed, imi-
tating behaviour “mindlessly” may be one way of gaining
a fuller understanding of it purpose.

Acknowledgements This theoretical analyxis was presented ar
the Socicry for Philosoply and Psychology eeting in Minneota.
11-14 June 1998, in the Symposium “Culture, cognition, and the
history of the mind™; I thank Denjse Cummins and Rob Wilson for
inviting me o rake part. L also profitad from discussions in the
workshops on “Evolving the human mind”, 2526 April 1998. in

CYBERNETICS

@o10

1

the serisg for the Hang Sen Cemre for Cognitive Studies, Shefficld,
and thank Peter Carruthers for inviting me 10 anend. My thinking
on this tapic has been improved by discussions and arguments
with many peoplc aver ths vears, and I thank them all. byt espe-
cially Anine Russon whosc scholarly care js matched by an ability
10 keep focused on the big picire,

References

Boesch C (1991) Teaching among wild chimpanzees, Anim Behav
41:530-532

Boesch C, Boesch (1983) Optimisation of nut-cracking with pat.
UM hammers by wild chim 2265, Behaviour 26:265-286

Boesch C, Booseh H (1990) Tool use and tool making in wild
chimpanzees, Folia Primatal §4:86-99

Bruner I (1970) The growth and structure of skill. In; Connolly KJ
(ed) Mechanisms of moror skill development. Academic Press.
New York, pp 63-04

Byme RW (1994) The evolution of inclligence. In: Slater PIB,
Halliday TR (vds) Behaviour and evolution, Cambridge Unj-
versity Press. Cambridge. PP 223-265

Byme RW (1995) The thinking apa: evolutionary origins of intel-
ligence. Oxford University Press, Oxford

Byrne RW (1998) Imitation: the contributions of priming and pro-
gram-level copying. In: Braten $ (ed), Intersubjecrive commu-
nication and emotion in early ontogeny. Cambridge Universiry

, Cambridge, PP 228-243

W (in press) Cogriition in grear ape ecotogy. Skill-leaming

Byme RW, Byme JME (1991) Hand preferences in the skilled
gxbering tusks of mountain gerllas (Goritty . beringei).
Cortex 27:521-546

Byme RW, Bymc JME (1993) Complex lcaf-gathering skilis of
mountain gorillus (Gorifiy e. beringeid): Variubility and stan.
dardizadion. Am J Primato] $1:74)_26

Byme RW, Russon AE (1998) Leaming by imitation: a hierurchi-

Al approach. Behav Brain Sei 21:667-721

Byrme RW, Tomasello M (1995) Do rats ape? Anim Behav 50:
1417-1420

Call J, Tomasello M (1994) The social learning of 100l use by
om!?uuns (Pongo pygmacis). Hum Evol 9:297-313

Call J, Tomasello M (1995) The use of sucial information in the

development of apes, In: Russon A. Burd K, S (eos)
Reaching into thought: the minds of the £reat apes. Cambridge
University Prass, Cambridge. pp 371-403

Dawkins R (1976) Hierarchical organisation: & candidate principle
for ethology. In: Bareson PPG, Hinde RA (2ds) Growing points
in edioloyy. Cambri University Press, Cambridge, pp 7-34

Dickinson A" (1980) ontemporary animal leaming  theory,
Cambridge University Press. Cambridge

biclogical perspecrives. Erlbaum, Hillsdale, pp 328

Gallese V. Goldman A (1998) Mirror neurons and simulation the-
ory of mind-reading. Trends Cogn Sci 2:493-50]

Goodall J (1964) Tool-using and aimed thowing in a community
of [ree-living chimpanzeas. Nutyre 201:1264-1266

Heyes CM (1993) Imitation, culnure. and cognition. Anim Bchav
46:999--[010

Heyes CM (1996) Genvine imitation. Tn: Heyes CM, Galef BG
(¢dx) Social learning in animals: the roots of culture, Academic
Press, New York, pp 371-389




W

A

28-01 '00 13:07 FAX 0118 9318220

72

Lashley KS (1951) The problem of serial order in bebaviour, In:
Jeffress LA (ed), Cerebral mechanismy in behaviour: the Hixon
symposium. Wiley, New Yark, pp 112-136

Leon JA (1976) Life historics as adaptive suategics. J Theor Biol
60:301-335

Muc Aogain E (1998) Imitation without attitudes. Behav Brain Sci
21:696=697

Marchant LF, McGrew WC (1996) Laterality of limb fuaction in
wild chimpanrces of Gombe National Park: comprchensive
study of spomtaneous activities. T Hum Evol 30:427-443

McGrew WC (1974) Tool use by wild chimpanzees fesding on
driver ants, § Hum Evol 3:501-508

McGrew WC (1979) Evelutionury implications of sex differences
in chimpanzee predation and tool use. Tn: Hamburg DA.
McCown E (ads) The grear apes. Benjamia/Cummings, Menlo
Park, pp 441-463 :

MaGrew WC (1992) Chimpanzee matcrial culure: implications
for human evolution. Cambridge University Press, Cambridge

McGrew WC (1998) Culrwe in non-human primates? Ann Rav
Anthropol 27:301-328

McGrew WC, Tutin CEG, Baldwin PJ (1979) Chimpanzees, tools,
and termites: cross cultural comparison of Sencgul, Tanzania,
and Rio Muni, Man 14:185-214

McGrew WC, Marchant LF, Wrangham RW, Klein H (1999)
Manual lateraility in anvil use: wild chimpanzees eracking
Strychnos fruits. Laterality 4:79-87

Melrzoff AN (1985) Understanding the intensions of others: rc-en-
actment of {ntended acts by I8-month-okl children. Dev
Psychol 31:338-850

Melizoff AN, Gopnik A (1993) The role of imitation in under-
standing persons and developing a theory of mind In; Baron-
Cohen S, Tager-Flusberg H Cohen DJ (exls) Understanding
other minds: perspectives from auntism. Oxford University
Press. Oxford. pp 335-366

Milker GA. Galanter E, Pribram K (1960) Plans and the stucture
of behavior. Holr, Rinchart und Winstan, New York

Nishida T (1973) The ant-gathcring behaviour by the use of wols
among wild chimpanzees of the Mahali Mountuin< J Hum
Evol 2:357-370 ’

Nisttida T (1986) Local traditions and cultural mansmission, In:
Smuts BB, Cheney DL, Seyfanh RM. Wrangham RW
Struhsaker TT (eds) Prinate socicdes. Unijversity of Chicago
Press, Chicago, pp 462474

Nishida T, Hiraiwa M (1982) Natural history of a wol-using be-
havior by wild chi 28ey in feading on wood-boring ants.
J Hum Evol 11:73-99

Parker ST (1996) Apprenticeship in tol-mediated extractive for-
aging: The origins of imitation, tcachiny and self-awarcncss in
great apes. In; Russon A, Bard K, Parker ST (eds) Reaching
into thought Cambridge University Press, Cambridge, pp
348-370

Parker ST. Russon AE (1996) On the wild side of culture and cog-
nition in the great apes. In: Russon AE, Bard KA, Parker ST
(eds) Reaching into thought The minds of the ETeAr apes,
Cambridge University Press, Cambridge, pp 430450

Perrett DL Harries MH., Bevan R, Thomas S, Benson PJ, Mistlin
AJ, Chiuy AJ, Hietancn JK. Onega JE (1989) Frameworks of
analysis for the ncural represcntarions of animate objects and
uctions. I Exp Biol 146:87-113

Rizzolanti G (1981) Afferent propertics of periarcusre neurons in
macague monkey. Tl Visual rcsponses. Bebav Brain Res
2:147-163

Rizzolani G, Gentilucci M (1988) Motor and visual-motor func-
tions of the premotor cortex, In: Rakic P. Singer W (eds)
Neumbiology of neocortex. Wilay, New York, pp 269284

Roitblar HL (1998) Mechanisms of imitation: the relabeled story.

Behav Brain Sci 21:701-702

Russon AE (1996) Imilation in cveryday use: mawhing and re-
hearsal in the spontansous imiwmtion of rehabilitant oranguians
(Pongo pygmaeus). In: Russon AE. Bard KA., Parker ST (ads)
Reaching into thought: the minds of the greut apes. Cambridge
University Press, Cambridge, pp 132176

CYBERNETICS @o11

Russon A (in press) Orangutans’ imitation of tool usC: 2 cognitive
interpretation. In: Parker ST, Miles HL. Mitchell RM (eds) The
Mmenalities of gorillas and oranguuans, Cambridge Univcrsity
Press. Cambridge, pp 117146

Russon AE, Galdikas BMF (1993) Imitation in free-ranging reha-
bilitant orangurans. J Comp Psycho! 107:147-161

Ruxson AE, Galdikas BMF (1998) Conswraints on grear ape imita-
tion: model and action selectivity in rehabilitant orangutan
(Pongo pymaeus) imiration. ¥ Comp Psychol (09:5~17

Sherry DF. Galef BG (1984) Culwural transmission withaut imita-
ton: Milk botle opening by birds, Anim Behav 32:937-938

Spence KW (1937) Experimental studies of lcarning and higher
menul processes in infra-human primates. Psychol Bul|
34:306-850

Sugiyama Y (1995) Tool-use for catching ants by chimpanzres at
Bossou and Monts Nimba. West Africa. Prismates 36; 193-205

Sugiyama Y, Karman J (1979) Tool-using and tool-making behave
isozur in wild chimpanzaes at Bossou, Guinea. Primates 20:513~

4

Sugiyama Y, Koman J, Bhoye Sow M (1988) Ant-catching wands
of wild chimpanzees at Bossou. Guinca. Folia Primato)] 51:56.
60

Terkel J(1992) Social ransmission of pinc coge feeding behaviour
in the black rat, In: Galel BGJ, Mainardi M, Valsacehi P (eds)
Behavioural aspects of feeding. Hurwood Academic, Reading.
pp 129-256

Thomdlke EL (1898) Animat intelligence: an experimenal study
of the associative process in anirnals. Psychol Rev Monour
2:551-553

Tomasello M (1990) Cultural wansmission in thc ool use and
communicatory signaling of chimpanzees? In: Parker ST.
Gibson KR (eds) "Language” and intelligence in moakeys and
apes. Cambridge University Press, Cambridge, pp 274-311

Tomasello M (1998) Emulation leaming and cultru] lesming.
Behav Brain Sci 21:703-704

Tomasello M, Call I (1997) Prinue cognition. Oxford University
Press, New York

Tomasello M, AC, Rawer HH (19933) Cultural leamning.
Behav Brain Sci 16:495-552

Tomasello M, Savage-Rumbaugh ES, Kruger AC (1993 b)
Imitative leaming of actions on objects by children, chim-
p;gzees, and eacultursted chimpanress, Child Dev 64:1688~-
1708

Visalberghi E, Pragaszy DM (1990) Do monkeys ape? In: Parker
ST, Gibson KR (eds) “Languaye" and inrelligence {n monkeys
and apas. Cambridge Universiry Press, Cambridge. pp 247-273

Visalberghi E. Limongelli L (1994) Lack of comprehension of
cause-effect relutionships in toel-using capuchin monkeys
(Cebus apella), J Comp Prychol 103:15-20

Vygowsky L {1978) Mind In society; the development of higher
psychological processes, Harvard Universiry Press. Cumbnidge

Want SC, Harris PL (1998) Indices of program-levet comprehen-
sion. Behav Brain Sci 21:706-707

Waterman PG. Choo GM, Vedder AL, Waus D (1983) Digest-
ibility, digestion-inhibitors and nutricnts and herbacsous fo-
liage and green stems from an African montane flora and com-
pavison with other tropica! flora. Occologia 60:244-249

Watts DP (1984) Composition and variability of mounain gorilla
diets in the central Virungas. Am J Primatol 7:323-3468

Wellord AT (1968) Fundamentals of skill. Methuen, London

Whitcn A (1998) Imitation of the sequential structure of actions by
chimpanzees (Pan troglodyres). | Comp Psychol 112:270-281

Whilen A, Byme RW (1961) The emerseace of metareprasenia-
tion in human emogeny and primare phylogeny. In: Whiten A
(ed), Nartural theories of mimd: evelution, devclopment and
simulation of everyday mindresding. Blackwell, Oxford, pp 267~
281

Whiten A, Ham R (1992) On the nature and evelution of imication
in the anima] kingdum: rcappeaisal of a cenqury of research. In:
Slater PIB, Rosenblan IS, Beer C, Milinski M (eds) Advances
in the study of behavior. Academic Press, San Diego, pp 235-
283

alemaids
% ‘gyhe‘.f‘{.“-:.‘i"?’u
o ks

T A
S




