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Implications of mirror neurons for the ontogeny and

phylogeny of cultural processes: the examples of
tools and language

Patricia Greenfield

15.1 Introduction

In this chapter I explore two qualities of the mirror neuron system that are critical for the
evolution of tool use and language, central characteristics of human culture. The two
characteristics of the mirror system are: (1) the ability of the system to respond both to
one’s own act and to the same act performed by another and (2) the system’s selective
response to intentional or goal-directed action (Fogassi et al., 2005). The ability to respond
neurally both to one’s own act and to the same act performed by another constitutes the
neural foundation of imitation on the behavioral level (Iacoboni et al., 1999) and of
repetition on the linguistic and cognitive levels (Ochs (Keenan), 1977). The selective
response of the mirror neuron system to goal-directed action constitutes the neural
facilitation of goal-directed action on the behavioral level and of intentionality on the
cognitive level (Greenfield, 1980). My purpose is then to demonstrate the importance
of these neurally grounded behavioral competencies for the evolution and ontogenetic
development of two key aspects of human culture, tool use and language. In so doing, my
larger goal is to contribute to understanding the neural underpinnings for the ontogeny
and phylogeny of human culture.

In order to provide data on phylogeny, I draw upon my own research and that of others
to compare chimpanzees (Pan troglodytes), bonobos (Pan paniscus), and humans (Homo
sapiens). The Pan line and the hominid line diverged in evolutionary history approxi-
mately 5 million years ago (Stauffer et al., 2001). The two species of Pan later separated
from each other about 2 million years ago (Zihlman, 1996). By cladistic logic, if we find
the same characteristic in all three species, it is very likely to constitute an ancestral trait
that was present before the phylogenetic divergence.

Cladistics refers to a taxonomic analysis that emphasizes the evolutionary relation-
ships between different species. A clade —the basic unit of cladistic anfllysis — is defined
as the group of species that all descended from a common ancestor unique to that clade.
Cladistic analysis separates ancestral traits, which are inherited from the ancestors of
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also nxmuﬁ in Pan, this provides behavioral evidence suggesting the presence o_ﬂ s
mw.ﬂn.:\. in chimpanzees and bonobos. For ethical and pragmatic reasons, it has _M.o__z_:_:
possible up to now to investigate the presence or absence of a mirror system in wng
One cannot implant electrodes in apes for ethical reasons; N
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will not lie still in the scanner! However, we may expect better adapted forms of brain
mapping to greatly increase knowledge of ape brain function in the coming decades,

Gorillas and orangutans diverged earlier than chimpanzees from the hominoid lipe:
the gorilla more recently at about 6 million years ago, orangutan about 11 million years
ago (Stauffer er al., 2001). However, the omission of detailed data on these species in
the present chapter is in no way an assertion that they lack tools or the ability to leam 3
humanly devised communication system. For example, it is known that gorillas spontan-
cously make tools (Fontaine er al., 1995); and it is equally known that gorillas ang
orangutans have developed a human protolanguage under the tutelage of human sign-
language teachers (Patterson, 1978; Miles, 1990). Hence the capabilities for protolan-
guage and even tools may have been present in the common ancestor of the whole great
ape and hominoid line, a minimum of about 11 million years ago.

Indeed, the most recent evidence from monkeys indicates that, through extended
experience in watching human tool behavior, macaque monkeys can develop mirror
neurons that respond selectively to observing human beings use tools to act on objects
(Ferrari et al., 2005). This implies that a basic cognitive capacity to associate hand and
tool is present in the common ancestor of Old World monkeys, apes, and hominoids, a
minimum of 23 million years ago (Stauffer e al., 2001). Hence one would expect tool
understanding, if not behavior, throughout the great ape line.

In sum, 1 will use similarities among chimpanzees, bonobos, and humans as clues
to what foundations of human language may have been present in our common ancestor
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on ::crvw(d_::o: contrasts with the focus of the Arbib and Stanford chapters

_E_.:.,_V“H elaboration of human tools and language that occurred in the last

1.1 Conn ection between the evolution of culture and the brain
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Mirror neurons

Mirror neurons were originally discovered in Eo:rmwm AOM.:o.v,n et al., 1996; E.NNQ_E:.

1., 1996). Mirror systems were later found in ::Bu:.n. (Fadiga er al., 1995; Rizzolatti
e 1996; Tacoboni et al., 1999). (The term “neuron” is used for the monkey research
¢ i..ﬁ.\ :.w. researchers utilize single-cell recording methods. The term “system™ is used
quw_“_m human research, because fMRI and other brain imaging methods used with humans
cannot resolve single neurons.) Mirror neurons discharge when a goal-directed action is
enacted or observed. In contrast, they do nor discharge when the same movements are
enacted or observed outside the context of the goal. Their activation pattern differs in the
context of different goals. An important subset will discharge before the final goal is
observed, indicating the perception of intentionality. Finally, mirror neurons do
not discharge in the presence of a goal-object alone.

Canonical neurons

Like mirror neurons, canonical neurons were originally discovered in monkeys (Gallese
et al., 1996). Later, they were found in humans (Garbarini and Adenzato, 2004). They
discharge not only when a goal-directed action is enacted (like mirror neurons), but also
when a goal-object is observed and may be acted upon. They therefore represent
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15.1.2 Connection between ontogeny and phylogeny?
O:Em..u_é does not recapitulate phylogeny. However, there are important theorey
evolutionary connections between ontogeny and phylogeny. _

5 . : First, earlier stages of
_uS.nE are more universal within a species than are later stages of development
earlier stages of development are more similar among phylogeneti :

than are later stages of development. In other words, as phylogen
gresses, the evolutionarily later developments are more likely
carlier in an ontogenetic sequence. In that way, phylogenetic c|
mcvmo.n:n_z ontogeny. This is because evolutionary change in earlier stages may cop
promise development in later stages that depend on them. Note that this formulation w,.,
nos.ﬁQ _c. the evolutionary myth that adult chimpanzees resemble human children. The
:om_os is simply that human and chimpanzee babies will be more alike than human and
chimpanzee adults. This is a relative statement concerning ontogenetic trends and in no
way precludes differences between human and chimpanzee babies from having evolyeq.

Indeed, one must always remember that Pan has undergone evolutionary change iy
the last 5 million years, just as Homo has. We cannot assume either species of Pap js
closer in form and behavior to the common ancestor than is Homo sapiens, although
evidence has been presented to support the idea that the bonobo may be closest to the
common ancestor of the three species — that is that the bonobo has evolved in the last
5 million years less than humans or chimpanzees (Zihlman, 1996).

Third, as we saw above, similarity of a characteristic among groups of phylogenetically
related species indicates that a characteristic was likely to be part of the common ancestor
of those species. It therefore follows that early stages of development (ontogeny) provide
clues about phylogenetic foundations at the evolutionary point of species divergence. The
clues are even stronger if the early stages are shared among a family (or clade) of closely
related species. Correlatively, differences in the later stages of development among
members of a clade will provide important clues as to species differences in adult
capabilities. Again, my theoretical and empirical focus in this chapter is on the nature
of the evolutionary foundation that existed 5 million years ago before the divergence of
the three species. We are most likely to find clues in the early development in all three
species.

These are the reasons why ontogeny can help us understand the phylogeny of cultural
processes. In what follows, I examine the development across species of behavioral and

cal ang
f devel.
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etic divergence pro-
1o oceur later rather than
hanges interfere Jegg With

cognitive capabilities that correspond to capabilities shown in prior research to be
subserved by mirror neurons (and to a much lesser extent, canonical neurons). I then
make the case that these capabilities are crucial to the ontogeny and phylogeny of cultural
processes.
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[ illustrate the use of these mechanisms in the cultura] learning of (oo}
However, data concerning newborn imitation in humans _Eé.: strong
ponent in Piaget.

| piage (ian theory, mirror neurons, and newborn imitation in humans
15.2.

o Zoouv theory of m:,_:m.._o:.mm cum,nu:.« a visual one. .Eumn_ theorized that action
piaget S quires seeing both one’s own action and the action of the other in order to
<s-modal correspondence between visual stimulus and motor movement, Yet
make the QAM Moore (1977) reported that newborns imitate tongue movements, even
weltzoff »:c by cannot see its own tongue (Fig. 15.1). This is cross-modal imitation
___o__E., the MQM | of the tongue being stuck out is responded to motorically in the action
(the <_m=m_ﬁswao§=m out one’s own _ozmcmv._ In Piaget’s conceptualization, all imitation
a%o:m.w.”o%_. linking the sensory to the motor, and therefore had to await what he
is Cross ¢ as o later developmental stage when cross-modal cognitive correspondence
_g:m_:c ono:ﬁ possible for a baby. It was once thought that cross-modal imitation was
s.o:._n_u _Mmr._oé_ cognitive skill; one needed actively to make cognitive (and presumably
a fairl W connections between visual stimulus and motor response. However, mirror
”M“”mo:m provide a theoretical and neural construct that can explain this seeming con-
\radiction between the young age of a newborn baby and the sophisticated imitation
response. Note, for future reference, that I consider the baby’s imitation to have an
intentional structure, even though it is automatic. Indeed, Miller ef al. (1960) have made
astrong theoretical case for the goal-directed nature of reflexes.

My point here is that imitation is basic, not derived (Favareau, 2002). It is basic because
it stems from a neural identity between observing and responding. Learning is not
required to imitate (although imitation facilitates learning).

As action sequences become more cortically controlled with increasing age, I theorize
that the same basic mechanism can be used to activate imitation of increasingly com-
plex action sequences (Greenfield et al., 1972; Goodson and Greenfield, 1975; Childs
and Greenfield, 1980).> The reader should also be forewarned that, while neonatal

Y authors reserve the term “cross-modal” for the integration of different sensory modalities, but given the importance of
corolary discharge and proprioceptive feedback in motor control, the situation here may be seen as falling under this
, “Pparently more restrictive definition.
Oztop et al. (this vol
observations impl
(e.g., that distin,
over the first y,

lume) take a somewhat different view. While they would not, 1 assume, deny that the Meltzoff-Moore
e a basic class of mirror neurons in neonatal imitation, they do argue that the mirror neurons for grasping
guish precision pinches from power grasps) are themselves the result of a developmental process that stretches
ear (for the human timetable) of the infant’s life. They thus distinguish neonatal imitation from what they view

I
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Figure 15.1 A newborn imitates Andrew

Meltzoff's tongue
& Protrusion moveme
courtesy of Andrew Meltzoff.) ovement. (Phoy,
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imitation undercuts Piaget’s notion that imitation cannot take place withoy
one’s own response, other parts of Piagetian theory provide important insight _=:,_ b
ontogenetic and phylogenetic aspects of imitation. Thus, I will later haye occasioy .
draw heavily on another aspect of Piaget’s theory of imitation, the notion =E==_
imitates (or transforms) a model in line with one’s cognitive understanding of (he oy
actions.
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The discovery of mirror neurons suggests that, ontogenetically, imitation does not
begin as the relatively high-level cognitive process that Piaget (1962) posited. The
explanation of newborn imitation by means of mirror neurons is that observation of adult
tongue movement by the newborn triggers the baby’s mirror neurons that control hisher
own tongue movement. The imitation therefore occurs when observation of the tongue
movement excites a series of mirror neurons, which discharge as motor neurons The
discovery of mirror neurons makes the ontogenetic basis of imitation more reflexive and
less cognitive than Piaget thought. Clearly at least some mirror neurons are there from
birth. But most important, the basic connection between observation and action does not
have to be learned through an associative process. The substrate for a cross-modal
connection between visual stimulus and action is already present, internal to each mirror
neuron of this initial set.

ton, bet

* imitation which requires more cognitive attention to the structure of the imitated action. | accept this dist
see the former as the developmental foundation for the latter.
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e video frame on the right, a newborn chimpanzee imitates Kim Bard's mouth
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152 hown in an earlier frame on the left. (Photograph courtesy of Kim Bard )
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15.2.2 Newborn imitation in chimpanzees

Given that carly stages of ontogeny are much more likely to be shared with stbling species
han later stages, we might expect :E._ newborn apes would also be able to do facial imi-
wation. And indeed this is the case: chimpanzee newborns are also capable of cross-modal
fucial imitation (Bard and Russell, 1999). In Fig. 15.2. we see a newborn chimpanzee
imitating Kim Bard’s mouth-opening gesture.

15.2.3 The role of imitation in the ontogeny of tool use:
intergenerational transmission

[tis not much later in development that observation and imitation begin to be used for tool
learning. By 1 year of age, these processes can be used for the transmission of human tool
culture. To illustrate this point 1 summarize a videoclip in which NF (age 11 months,
14 days) and his grandmother are out with the stroller and both are involved with cups of
water. The clip, which one can think of as video ethnography. is part of a longitudinal
corpus designed for cross-species comparative purposes. I will also provide theoretical

interpretation of the behavior in terms of the hypothesized operation of mirror and
canonical neurons.
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(1) NEisin the stroller; his n:::::o_rﬁ is next to him with two cups in her hand, ap
an infant’s “sippy cup” @ sippy cup is a baby cup with a no-spill top and a built.ip g
preferred an adult cup (which he has observed being used by others), over his sippy ¢y _.,:: NF
(wh

e has not observed being used by others). (Here the cups are considered 1o be goal-aby hich
CCS thy,

i ect 1 : action
preference for the adult cup 1s 3._5_:9:8 1o reflect a predisposition to imitate reflecy ) Thig
) Ing the

operation of canonical neurons. C anonical rather than mirror neurons are invoked here fy,
thisisa self-initiated acton without any model present to imitate. (See Arbib (Chapte; e
volume) for an analysis of the many other elements beyond mirror neurons that are =q._.. this
for such an action 10 take place.) Ccessary
(2) As soon as his grandmother hands NF the empty cup, he responds immediately with a drip
action that he has observed occurring with cups in the past (hypothesized operation of S:: Ing
neurons rather than mirror neurons because it is elicited by the goal-object, with po M_J_S_
model to imitate). Clion
(3) NF observes grandmother’s drinking action with a similar cup and immediately puts his ¢y
his lips in a <imilar drinking action (hypothesized operation of MirTor neurons in concer ”_“
activity of canonical neurons). (Here there is a model to imitate as well as a goal-object :S_,_
both mirror and canonical neurons are hypothetically called into play.) X

adult cup ang

can _5.3:.,__:. activate canonical neurons, which in turn activate the relevant goal-

15.2.4 Hypotheses concerning some aspects of the neural and behavioral
development of imitation

The immediate translation from observation to action seen in this clip seems to result from
lack of cortical inhibition. It has been observed that patients with prefrontal cortical
lesions may have problems inhibiting imitative responses (Brass et al., 2005). In (normal)
development, prefrontal cortical circuits do not connect with more posterior parts of the
brain, such as motor areas, until about age 2 (Greenfield, 1991). Hence, it 1s logical to
hypothesize that a 1-year-old may resemble the patients with cortical lesions in terms of
the inability to inhibit imitative responses. Because of the lack of inhibition in the firs
year or two of human life. the links between observation and manual motor response
inherent in the canonical and mirror neurons are more overtly reflected in behavior at this
very young age. In the above-described scene with the cups, NF's behavior at 11 months
of age suggests the utility of the canonical and motor neuron systems for acquiring skill
with cultural tools (e.g., @ cup).

15.3 The role of imitation in subsequent development of object-oriented
manual activity

With increasing age and development, more complex motor activities can be observed
and imitated. For example, we used imitation procedures to elicit a development!
sequence of grammars of action in construction activities from children ranging fro"
11 months to 7 years of age (Greenfield et al., 1972; Goodson and Greentield, 1975 By
grammar of action, I mean a consistent strategy that is homologous to some clement o
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Figure 15.3 Strategy 3 was modeled for children from 11 to 36 months of age. The youngest
children “imitated” the model with Strategy 1, the next oldest with Strategy 2, and the oldest with
Strategy 3. From Greenfield et al. (1972).

STRATEGY 3
SUBASSEMBLY METHOD

linguistic grammar. One of these grammar of action tasks is presented in Fig. 15.3
(Greenfield et al., 1972). In the case of Strategy 1 for example, we can see 11 as analogous
to a linguistic combination of agent (active cup) and object (passive cup) in d simple
sentence. Evidence for homology - the involvement of the same neural structures for both
the manual and linguistic grammar — will be presented later in the chapter. In addition.
Goga and Billard (this volume) present a model of the Greenfield et al. (1972) linkage of
seriation to language.

For present purposes, note that children of all ages from 11 to 36 months of age were
presented with the same model — Strategy 3 below — by an adult experimenter. However,
younger children systematically transformed the model in their imitations. The young-
est children “imitated” the model with Strategy 1, the pairing method. The next oldest
children tended to “imitate” the model with Strategy 2. the pot method. Only some of
the oldest children accurately replicated the model, responding with Strategy 3, the
subassembly method.

These tasks show that a transition from simple reflexive imitation in the newborn to
the imitation of complex action sequences has taken place. However the sequence of
stages leading up to the most complex and complete mode of replicating the model also
provides evidence for the developmental model of imitation posited by Piaget (1962).
That is, at each stage, the child wransforms the model by interpreting it through the lens
of his or her stage of understanding. i.e.. cognitive development. This process also occurs
in language acquisition (Slobin and Welsh, 1973). .

At the same time, the nesting cup study also provides an example of how observation
and imitation might provide scaffolding to bring @ child to the next stage of H_Aﬁd_oc:,n:_.
This principle has been empirically demonstrated in human language acquisition. In that
domain, imitation of a particular Jinguistic structure is most frequent when the structure
in question is neither completely present or completely absent from a child’s behavioral
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epertoire, but instead is in the process of being learned (Bloom ¢/ al., 1974), 11
?ﬂﬂnmv_a implies that new observational learning must be related 1o o4 r:os._ﬁ_:_,
mcsa_zsm completely new cannot be imitated. (In a moment I will use g e s m._ﬁ
S iple

n why humanly enculturated apes can copy human tasks beyer than
apes

Ip explai
Lo miliarity with human tasks.)

who have little or no fai

15.3.1 The nature of “true” imitation: end vs. means

o Piaget’s theoretical treatment of imitation, an influential formulation j, the
¢ imitation involved accurate or rote replication of means ag y _”
goals without copying his or her meang by rote sa...,
in distinction to “true™ imitation (Tomasello et gl

In contrast t
1980s posited that tru
as ends; the replication of a model’s

demoted to the status of “emulation” . ]
1987: Tomasello, 1989). Contrary to this formulation, the development of humgap i

t a question of rote imitation, as we have seen. For each task, it consjg of

tion is nol
| that follow the sequence of understandings and interpretations

transformations of a mode

of a particular task.
Nor is human imitation a question of imitating means rather than ends. In the ontogeny

of human imitation, babies often understand and therefore imitate the goal before e
means (Bruner, 1974). However, at a later point in development, they will be abje
successfully to replicate the means as well as the end. In other words, a stage of “emulation”
is an intrinsic component of human imitation. As another example, Gergely et al. (2002)
show that if an adult demonstrates a new way to execute a task to a group of infants aged
14 months, the children will use this action to achieve the same goal only if they 8_5.%.
it to be the most rational alternative. In other words, “emulation” is an important strategy
in human imitation. The results of Gergely and colleagues also indicate that imitation
of goal-directed action by preverbal infants is a selective, interpretative process, very
much in line with the Piagetian framework. In sum, for developmental and pragmatic
reasons, one cannot differentiate human and ape imitation according to whether the
means is accurately imitated or not; both replication of a goal and transformation of means
are important components of human imitation and its role in learning and development.

While not the only learning processes, observation (visual attention on a model) and
imitation (attempt to replicate a model’s actions) are keys to cultural transmission for
humans, and, as such, they first appear early in development. In line with the principk
that early stages of ontogeny are most likely to be observed in sibling species. *¢
would expect them in chimpanzees as well. In the next section, we turn to this issue in
a species-comparative perspective.

15.3.2 Observation and imitation are keys to cultural transmission
Jor chimpanzees as they are for human beings
to grovp

group \

Tools are cultural traditions for groups of chimpanzees, as they vary from 5
Whiten ¢

—.: EN— 'ﬁ ° . T ~,
ys that cannot be reduced to ecological availability or usefulness (
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1999; see Stanford, this volume). Videotapes made by Christopher Bochm showed that
infant and juvenile chimpanzees at Gombe Reserve, Jane Goodall’s field station, system-
atically observed experienced adults use probes (stems or vines) to fish for termites in
mounds of dirt. Their gaze often followed the probe from dirt to mouth (Greenfield
ot al., 2000). The video footage also indicated that imitation can follow observation: an
infant or juvenile chimpanzee often grabs the mother’s abandoned fishing tool when
she gets up to leave; the young chimpanzee will then use the tool to fish for termites,
often with no success. The learning process takes years, beginning with playful experi-
mentation with sticks, then moving to observation of models, and finally independent
practice (Greenfield et al., 2000). Our future research will elaborate the process of expert—
novice apprenticeship in enculturated chimpanzees and bonobos.

I apply the Piagetian perspective on imitation (Piaget, 1962: Greenfield er al., 2000)
to non-human primates. As we have seen, this perspective emphasizes the importance
of cognitive understanding of the observed model that is to be imitated. Hence, when
animals are too young to understand a means-end relationship or lack motor skill to
successfully imitate an action, this theoretical perspective implies that an attempted
imitation will only partially replicate the model. This developmental principle can explain
why it takes chimpanzees so long to learn to crack nuts; they can only imitate what they
are developmentally ready to learn both cognitively and physically.

Why do imitative abilities in chimpanzees not lead to rapid diffusion of innovations
within a group? Given that 14-month-old babies, in the sensorimotor period of develop-
ment, rationally evaluate the functional appropriateness of a model’s actions for their
own situation before imitating it (Gergeley ef al., 2002) and given that chimpanzees
manifest the same basic stages of human sensorimotor development (Parker and
McKinney, 1999), we would expect chimpanzees to be equally selective in their imita-
tions. This selectivity might explain the slow movement of a tool or other cultural

innovation within a chimpanzee group.

15.3.3 Observation, imitation, and object combination in monkeys:
a comparative and phylogenetic analysis
n four species indicates that the tendency to

Experimental study of object combination i
a comerstone of tool use, exists

imitate manipulative strategies for object combination,
a New World monkey, humans, and both species of Pan (Johnson

own the model of Strategy 3 (Fig. 15.3)
he model

in Cebus monkeys,
et al., 1999). In that study, all four species were sh
to combine seriated nesting cups. All four species were able to replicate t
when given their own cups, although the monkeys required more training than the o__:w_,
species to do so. (But see Visalberghi and Fragaszy (2002) and Arbib (Chapter I, this
volume) for another interpretation of the monkey data.) In so far as complex sequences
were modeled and imitated across all of these species in this experiment, one can see that
reflexive imitation at birth grows, in a wide variety of primate species, with increasing
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age and experience, into skill in intentionally imitating a sequence of acts 9322;

¢ - . . P <

to a sequence of subgoals and integrated into an overall goal of the sequence oth
s 1 1 9 o N, ~, .

Note that for the monkeys and apes in particular, the sequence shown iy, Fig. 153

novel one, a type of imitation that is considered particularly import :

iself
. | Was 4
ant in (he humy,

repertoire.
Although all four species learned to use the most complex strategy for nesting (he @
Ps,

the strategy that was demonstrated at the outset, there were species differences, Moy
and, to a lesser extent, apes did not construct structures. Instead they would utiliz
same strategy to combine the cups in a sequence of moves, but they woulq then take apan
the structure that they had just constructed. Perhaps this is why humans build big comple
buildings and other primate species are limited to much simpler anrso_ow,? and cop.
structions. This ability to make object combination yield complex “permanent” Structur,
is a major achievement of human culture that must have evolved in the last 5000 years, i
the period since Homo and Pan diverged.

Another important difference between chimpanzee and human cultura] learning seems
to be the cumulative quality of the latter. The cumulative quality of human culture myy
have to do with increasing memory capacity that is a function of increased brain Ew
that has evolved in Homo but not Pan in the last 5 million years. It may also haye 10 do
with the uniquely human use of symbol systems to transmit or teach cultural skills to the
next generation (Greenfield et al., 2000).

Following cladistic logic, the presence of observation and imitation in the transmission
of cultural tool traditions in both Homo and Pan presents the possibility that these
processes of cultural learning may go back in evolution to the common ancestor of
humans and chimpanzees and perhaps even to our common ancestor with monkeys.

Ikeys
€ the

15.3.4 Can apes ape? Mirror neurons resolve a paradox

Apes clearly do ape in the wild: young chimpanzees at Gombe imitate more experienced
chimpanzees in learning to termite (Greenfield et al., 2000). However, in the laboralor.
only humanly enculturated apes show an ability to imitate the means to a goal in a hum
tool task, according to Tomasello et al. (1993). If we accept for a moment ,_.oaﬁn.__o ,5_
colleagues” emphasis on the accurate replication of means in the analysis of imitiio™
What conclusion can we draw? Tomasello et al. conclude from their data that apes can®
imitate without human enculturation and that imitation is therefore u:z_omosﬁ_z_: =m=
with humans, rather than part of our primate heritage.

Mirror neurons, however, challenge this interpretation and resolve the paradox be o
field and laboratory in the following way. Because mirror neurons are part of %_M 4
action systems (Buccino er al., 2001), the implication is that an animal or Eam.”s ua.
would be able to imitate only what he or she was able to do motorically- _a:.»_.__ comes
ceeds from some understanding of what is being done — whether the ::%2.“_2_5_4. moud
from the existence of a similar motor response (as in neonatal imitation ©

tweeh
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movements) or from a cognitive understanding (as in the nesting cup task).’ Thus
enculturated apes have an advantage over wild apes when tested on their ability to imitate
a human tool task, since enculturated apes are more likely to have had ozvc:c.zno related
to this sort of task. Hence, when Tomasello et a/. (1993) used a human tool task with
non-human primates, apes not enculturated by humans were unfam with this sort of
task and could not imitate its solution. Humanly enculturated apes, in contrast, were
familiar with the genre and could successfully imitate the details of its solution. The
hypothesis is that their success was due to familiarity, which led 1o understanding.
Because the non-enculturated apes lacked this fami iarity and understanding, they could
not imitate the solution to the tool task.

In other words, it is not that apes lack the a ly to imitate. Like humans, they can
imitate what they can understand. Further evidence on this point comes from careful
experimental work (Whiten, 1998). When a human model showed a humanly enculturated
chimpanzee in Whiten's study how to open artificial fruit, the chimpanzee at first copied
the model’s every action, including acts irrelevant to the goal. As the chimpanzees
practiced the task and understood its means—end relations better, the irrelevant acts
dropped out of the sequence. In other words, chimpanzee imitation, like human imitation,
is driven by understanding, not by a motive for rote imitation of a sequence of acts.
On the neural level, I believe that future research will show these cross-species behav-
ioral similarities to be driven by similarities on the level of neural functioning, specific y
similarities in basic properties of the mirror systems possessed by each species (although
evolution may have wrought changes to expand the mirror system to support faster and
more flexible imitation in humans: M. A. Arbib, personal communication).

In conclusion, mirror neurons do not provide a general ability to imitate in either apes
or humans. Instead, mirror neurons provide a set of specific abilities to imitate particular
actions that are encoded in the motor component of various somatopically organized
mirror systems (Buccino et al., 2001) and are therefore understandable on the motor level,

For all of these reasons, I conclude that observation and imitation skills are held in
common between humans and apes. These skills are therefore likely to be part of the
phylogenetic heritage from our common ancestor and a prerequisite for the evolution of
culture. According to my theoretical analysis, these imitation skills are subserved by

mirror neurons in both apes and humans.

15.3.5 Mirror neurons, monkey culture, and human culture: what has
evolved in the last 5 million years?

Mirror neurons could also contribute to monkey culture (Perry et al., 2003), as they do to
human and ape culture. The question then arises as to how mirror neurons can contribute

3 Oztop, Bradley, and Arbib (this volume) make the pomnt that since we develop new sk b 3 d ”n ;E,_‘::”:_.
neurons™ that leam 1o recognize an action as part of acquiring remains to be scen whether such a mechanism is in fact
required or whether the notion that one can use imitation only to learn a skill that is already partly i the repenoire suffices as

an explanation for the role of imitation in developing new s|

s.
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Figure 154 A i
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cumulative quality of human culture, evep though
not create a cumulative culture, In general, m
sary but not sufficient for complex and nca___n.:w

to our understanding of the distinctive
monkeys have these neurons, but do
answer is that mirror neurons are neces

cultural learning.
Transmission mechanisms

Only human beings use symbolic means to instruct their young in tool use (Greenfield
et al., 2000). This would be an explanation based on the evolution of more powerful
transmission systems (Greenfield ez al., 2000). The use of symbols to instruct in too] use is

a strong candidate for a skill that has evolved in the last 5 million years.

The complexity of human neural programs

In addition, mirror neuron systems are always attached to particular neural programs -
e.g., for manual action, mouth action, foot action, emotion — and occur in different,
corresponding parts of the brain (Buccino et al., 2001; Carr et al., 2003). In other words

they are somatotopic and participate in different circuits.
The neural programs for human action are more complex than those of monkeys. This
complexity — for example, the ability to create more hierarchically complex constructions
with objects — also would have facilitated the evolution of human culture. Figure 154
portrays a complex structure composed of construction straws that was used as a —.__9_.«_
(already built) and shown to children of different ages with a Encwz to replicate it. No
d be able to create a structure of such complexity. 4o

d age-typical) strategy to build the a&n.._
r of action because each involv

e structure) for creating the
tic deep structure)

ape or monkey woul
Each age group used a different (an 4

fully. We conceptualized each strategy as a maj-:.z

different systematic ordering (parallel to a linguistic surfact e

underlying, hierarchically organized tree-structure (parallel to a linguis
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Implicat
plexity makes human building of permanent structures possible, some-
com a . .
e d with no other species. Hence, to posit that neural programs subserving
; evolved since our split with Pan is far from trivial.
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action sequences

hing that > -
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15.3.6 A scientific contradiction
ght of the controversy surrounding ape imitation in the domain of tool
f apes when it comes (o language have never been questioned
d. Terrace and colleagues used the presence of linguistic
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ative abilities O
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i he
Jearning- ! S
jthout noticing the contradiction. Why h
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draw such
the tw 5 S 3 ;
o establish an understanding of the continuities in human evolution.

opposite: t
tions and goal-directedness in tool use and
construction activity

15.3.7 The role of int,

While this section has focused on imitation as an important mechanism in stimulating
and guiding tool use and construction activity, it is necessary, before leaving this domain
and proceeding to language, to briefly call attention to the other key feature of mirror
neuron systems, their goal-directedness and attunement to intentionality. Clearly action
models in this domain not only stimulate imitation; they also provide a goal for tool
use and construction behavior. Just as clearly, this cultural domain of tool use and con-
struction activity is one in which goals and intentionality are central to domain-relevant
behavior. To give a few examples: one intends to turn a screw with a screwdriver. The
woh_._ of building is to create a structure such as a house or bridge. Clearly, there i1s
an !mportant match between the goal-directed structure of this cultural domain and the
MM”,«_M_SG of mirror neuron systems to goal directed action, rather than to movement
Up to now, I have tried to establish mirror neurons as the neural substrate for imitation,
and object combination in both the ontogeny and phylogeny of human
next section, I show how the structure of the mirror neuron mechanism

tool learning,
understanding mechanisms of cultural learning in the ontogeny and

culture, In the
can be applied o
Phylogeny of language.
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15.4 Mirror neurons and language: ontogeny and phylog
) eny

,_.._:v section is based on an important neuroanatomical link betwee
discovered for manual action and the neural substrate for langua e :..:.3_. netrons
._2,_ _.uﬂom_.o_.zu_ cortex of the brain. I begin with a discussion of MM.&WSE » orea n the
_Bn__n.m:.o:m of the key feature of mirror neurons, their mirroring _:cs.r. o discuss
_ucaz.:u_ to fire either upon the execution or the observation of an un__u,r:w i e
learning. Finally, I will introduce a second feature of mirror neurons “Hz.: 08 _.E_w:#a
goal-directed action rather than to movement per se and draw out m: ””L_w:,—_::.c A
S Cations ﬁc_.

linguistic ontogeny and phylogeny.

15.4.1 Mirror neurons in Broca’s area: implications for the ontogen
and phylogeny of language Y

.m_.com.w_ m._.ﬁ. is a key Em.s of the human brain for language. One perspective on Broc-
is that it is a programming area for the oral-facial motor area that produces s %
the manual motor area that produces sign (Greenfield, 1991; see also ms_.:h..wwo‘gzﬁ.:
.<o__==mv. Rizzolatti and his colleagues (1996) found a mirror system for manua| W.:~ is
in the Broca homologue of their monkey subjects” brains. Iacoboni and colleagues :ohw__
later found mirror neurons for simple manual imitation in the Broca’s area of their _Eam._.
participants. There is also evidence that Broca's area (Brodmann area 44) programs
(that is, directs) the mirror system responsible for manual action performed on an object
(Nishitani and Hari, 2000). (Brodmann areas are a numerical system for identifying
different locations on the surface of the human brain.) The location of mirror =2woa
for manual action in Broca’s area has a number of important theoretical implications.

First, this location in Broca’s area implies an intimate relation between language and
manual action. This theoretical implication has received empirical support in a study of
motor evoked potentials; the cortical representation of the hand muscle was excited by
purely linguistic tasks, but not by auditory or visual-spatial tasks (Floel er al., 2003).
Indeed, evidence for the intimate neural connections between language and manual
action provides evidence for my theory that Broca’s area helps program the construction
of both language and manual action (Greenfield, 1991). Even in monkeys, mirror and
other closely related neurons in the Broca’s homologue area discharge at the sound and
not merely the sight of an action (Kohler er al., 2002). Understanding the meaning of
sound could be considered an evolutionary foundation for language.

Humans with different kinds of cortical damage provide another kind of evidence
of a neural link between action and speech. Grossman (1980) gave Broca’s and
Wernicke's aphasics two versions of the tree-structure model, shown in Fig. _.m...ﬁp
Broca's aphasics who are unable to construct hierarchically organized m_‘”.:_aa_a_
tree-structures in speech (that is, their speech often consists of a string of isolated ,.Sa,,
rather than syntactically organized sentences), also had difficulty in constructing &
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Fig 2 ) .

mwz_.waxa.m (@) Two .RW.ZEQ:Rw provided as models (constructed with tongue depressors) o

ot ﬂ:m_d:mﬂ aphasics (Grossman, 1980). (b) Typical “copies” of the models by Broca’s and

:Ez.:m ..,_,,“_n? The Broca’s aphasics get more detail (number of sticks) but less hierarchical (tree)
» Whereas the fl asi : s : " &

Grossman, 1980,) uent aphasics get more hierarchical tree-structure, but less detail. (From
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hierarchically organized multilevel tree-structure with objects, even piven -

copy (Fig. 15.5b) (Grossman, 1980). Their replicas of the model ,,reiwsco-._ ’ So.%_ -
the hierarchical structure - there is no sign of levels or branches. In nos:._,ﬂcﬂw%_._c: i
or fluent aphasics, with Broca’s area intact and the capacity to form 8: ] i
Jnuazm_‘ww& syntactic structures, do not have this same difficulty 5:“,& .
hierarchically-organized structure with branches and levels (Fig. 15.5p) 3:;53.. !
1980). More recently, Molnar-Skocas and colleagues (unpublished %_Lv.._:za s:c:shs.
one of Greenfield's manual grammar-of-action tasks utilizes the same :ncz_oca_ o
a.onm linguistic grammar. Hence, Broca's area is a key part of two partially o<a,“u.mec. 5
circuits. One combines words into hierarchically organized sentence structures;: __H S
combines objects into hierarchically-organized constructions.” S

MGPO:Q this location is also the site of some important overl £ neury g
] < ..Uﬁ.:ﬂ neural Circuitry

for spoken and sign language (Emmorey, this volume). My hypothesis is that Broca's 4
S areq

provides programming input to the manual motor cortex for sign articulation, just as
does to orofacial motor cortex for speech articulation (Greenfield, 1991). m:.ioa _,ﬁ
wnini (this volume) confirms this hypothesis for Broca’s area (Brodmann area 44), .:_wa
is also evidence from cortical stimulation mapping that another portion of Brocg's
area (Brodmann area 45) is involved in creating the higher-order linguistic w:__n:_a,w
necessary for narrative production in both sign and spoken language (Horwitz ¢ al.
2003). My hypothesis would be that it is the grammatical aspect of narrative that w.
activating Brodmann area 45 in these tasks. Third, the location of mirror neurons for
manual action in Broca’s area suggests the cross-modal (gesture and speech) evolution
of human language.

The presence of mirror neurons in Broca’s area provides a link between comprehen-
sion and production in language (Rizzolatti and Arbib, 1998). In other words, the presence
of such neurons in Broca’s area suggests that the same neural structure that produces
language also participates in comprehending it. It is therefore not surprising that both
production and comprehension are impaired in Broca’s aphasia, although production is
impaired more than comprehension. If we think of language production as a motor

function and language comprehension as an observational function, then it becomes
very relevant that mirror neurons not only facilitate acting, but also observing. Further-
more, the motor theory of speech perception sees production as a way of comprehending
see also the chapters by Goldstein, Byrd, and Saltzman

(Liberman and Mattingly, 1985:
and Skipper, Nusbaum, and Small, this volume).

In my model (Greenfield, 1991), Broca’s area receives input from a syntactic area in
the prefrontal cortex and sends information to the motor strip, which deals with phono-

logical formation. Hence, impairment in Broca's area would be expected to affect both
e same action it

the syntactic and phonological levels. If a neuron can stimulate th
responds to observationally, comprehension of that action is implied — because one, in

, . 3 ~hically orga ree
partial overlap means that a minority of agrammatic Broca's aphasics can construct hierarchically organized ¢

‘
The
structures. See Greenfield (1991, p.537) for details.
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xigram board. Some of the boards will provide a translation in spoken English when

¢ 15.6 Le ;

m_u__Pve_ ‘s touched. In terms of English referents, the numerals on the top row are obvious. In terms
sym / J

.:w o cxamples; the symbols on Ge next row, from left to right, are translated in English as;
of ful e, Mary, trailer, peanut, car, raisin, hamburger, Sherman, egg, ;:.., Kanzi

otato, tickle, orang )
and stand pile. (For the English translations of virtually all the other lexigrams on the

sweel P
wgreatapes.org/bonobo/ language/pdf/lexo2.pdf.) ( Photograph courtesy of Sue

Austin, fridge. and
poard. £0 (0 WWW.IOW
Sav gmu.zcawnzw?v

some sense, “understands” something one can already do. In other words, perhaps there
are mirror neurons, yet to be discovered, that respond both upon making and hearing a
sound. This possibility has started to be explored with very positive results (Aziz-Zadeh
o al., 2004). Finally, the presence of mirror neurons in Broca's area explains the
importance of repetition (which involves observation and imitation) as a strategy in the
ontogeny and phylogeny of conversational communication. I turn next to repetition.

154.2 Role of repetition in the ontogeny and phylogeny of language

Here I draw on an established body of research in child language (particularly Ochs
Keenan, 1977), as well as my collaborative research on conversational repetition in
bonobos with Sue Savage-Rumbaugh (Greenfield and Savage-Rumbaugh, 1993).

Details and background of the ape studies

“M_h:“eoa ape data that I will b_.om.az_ on repetition come from two bonobos, Kanzi and
i M.Mxmomwn_ to a _.:‘._Eu:_v\ am<._mnn_ language (perhaps better termed, protolanguage)
o &:_“_h_m..im of arbitrary (non-iconic) visual symbols (Fig. 15.6). They were exposed

ols in the course of naturalistic communication, rather than through formal
arbitrary visual symbols presented on a keyboard. During the

Iraining, Lexigrams are
cussed here, many of the keyboards also presented the spoken

lifetimes of the apes dis
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Pragmatic uses of repetition in the ontogeny and phylogeny of language

Ochs Keenan (1977) made the important point that children just starting to speak use
linguistic imitation not only to copy but, more frequently, to fulfill many different
pragmatic functions in a conversation. These functions include greetings (caregiver “hi,"
child “hi”), confirmation, and choosing from among alternatives (see Table 15.1), Be-
cause the term “imitation” had implications of rote imitation whose only purpose is
to copy, Ochs Keenan used the term “repetition.” Although not realized at the time, her
research was revolutionary because it illuminated imitation/repetition as a phenomenon
that was intrinsic to the conversational competence of young human beings. Later,
Deborah Tannen (1989) showed how these pragmatic uses of repetition remain part and
parcel of the conversational competence of adult human beings. N o

Ironically (especially in the light of later claims that apes cm::om imitate), _.5_;.:@
had been used by the scientific community to minimize and w<a=.oc_=nn=o 50._5“__2”
accomplishments of apes (Terrace et al., 1979). In .Em historical context, it ﬂﬂﬂ:
important to demonstrate that apes use mB:m:o:\_”mvn::o: exactly as 1::.___.\:_ nu o
do. In order to establish this point, I collaborated with Sue mms_ma.w__a_u._:mc o____ .52.
of conversational repetition in young bonobos (Greenfield and Savage-Rumbaugh, 1771
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sition in discourse by children and bonobos
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SEIETE s
:1..\\\\\;.\4\., repetition 10:
= 4] use
\\ﬂn?,:c:;_ po— Choose alternative
(o A firm/agr
e Confirmt
Human
id. age 2.9 with their Katie, age 1.2, with caregiver at infant daycare center
Toby and Davi: ¢ (Caregiver pretends to pour tea for both of them
ins: i . : :
?: Y Jill e 10 have hot dogs. and they pretend to drink it.)
o tre RO
nd weTe citedly)
i »\.\.: dogs’ ?xm:nn_ : Caregiver: Are you full or do you want some more?
Toby: " i b
And 507 Katie: More.
“u___, id: Mmm .E:\Md (K. Leddick, unpublished data)
i G
ochs Keenam 2 Bonobo
{
Kanzi, age 5, with human caregiver/researcher, Rose
4 age 2. wilh human _Q.w:z o 2 &
v_.___r._.QQ A-FRAME (informing Mulika
of a?::u:c_: Rose: You can either PLAY or watch TV
-0 (vocalizing excitedly) Kanzi: TV (Kanzi watches after Rose turns it on)
Mulika: G avage-Rumbaugh, 1993)

_oagana and S

Note.

“For th
indicate sim
Source: Green:

ponobas, capitals indicate lexigrams (visual symbols) only; for the humans, capitals
‘ c:.::.nc:m lexigrams and speech. Lower-case indicates speech only.
field and Savage-Rumbaugh (1993).

1993). 1 now present cross-species data (Table 15.1) comparing our bonobo data on
conversational repetition with the data of Ochs Keenan (1977).

In the case of both “confirm/agree™ and “choose alternative,” the repetition is used
selectively to construct a pragmatic function. This table illustrates how both children and
ponobos use repetition for two of the same pragmatic or conversational functions: to
confirm/agree or to choose from among two alternatives. Note that the other examples
in the published papers (Greenfield and Savage-Rumbaugh, 1991, 1993) show that many
other pragmatic functions are expressed through repetition by both species, as well as by
two chimpanzees, Sherman and Austin, who were also exposed to the lexigram system,
but in a more training-like context.

For young children, repetition represents the initial ontogeny of conversational func-
tions. When children first start to talk they have no other way to express conversational
functions such as agreement (Greenfield and Smith, 1976). In general children repeat the
part that will express the function that they are trying to communicate. For example, when
E:_Hwi was 14 months old, his mother said “Do you want to get up?” His selective
imitation “up” was a way to express what he wanted to do and his first way of expressing
an affimative (Greenfield and Smith, 1976). Another way of looking at this is that the
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In the context of these similarities, Greenfield and Sava,
noted two interesting differences between Homo and Pan in the conversational u:
_.mvw::o:“ first, human children sometimes used repetition to stimulate more aw” “:
their conversational partner; the chimpanzees, in contrast, used repetition exclusive] ~“
forward the non-verbal action. Second, the 1- and 2-symbol repetitions used Sw\:s
chimpanzees to fulfill a variety of pragmatic functions were less than half the maximum
length found in either the visual symbol combination addressed to them by their aduli
human caregivers or the oral repetitions of 2-year-old children. As suggested earlier, this
species difference probably reflects the evolution of increased brain size and consequent
increased memory capacity that has occurred since the phylogenetic divergence of Homo
and Pan 5 million years ago (Greenfield and Savage-Rumbaugh, 1993).
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Repetition functions to coordinate intended actions for children and bonobos

Before proceeding to the next section and presenting theory and data concerning inten-
tionality, goal-directed action, mirror neurons, and language, I would like to point to the
interpersonal coordination of goals and intentions as a pervasive function for both
children and apes of the repetition examples in Table 15.1. For example, in the child
example of confirmation/agreement, the conversational use of repetition is used 3. Toby,
David, and their nanny Jill to coordinate intentions concerning the menu of :ﬁ.__.. next
meal. In the comparable ape example, Mulika and her human caregiver use am_x:__o__ to
coordinate intentions about what to do next. Similarly, the “choose alternative” examples
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Jang vilege the

cution OF observation c..mw:..&aﬁna action, not to particular physical
10 objects in isolation. Oci..a.%ﬁg action, in :i.. ___.5_.9 intentionality,
anguage. a point to which I now WE.:. j,c.?::_ of this section and the
follow is twofold: (1) to show that, just as mirror neurons encode inten-
o children spontancously use language to encode and communicate
.o at the very dawn of language development; and (2) to show that, just as
_. ncode intentional action, so do our closest phylogenetic relatives, chim-
g occoﬁ when given a humanly devised symbol system and the opportunity
panzee ,Mm:noa.:.._cz..nm:o:. spontaneously use this system to encode and communi-
for ___:.vae al action. The theoretical hypothesis is that it is the presence of a mirror
ate intentiona areas used to program both language and physical action that makes

nin brain : . . g
- o of intentional action so basic to the semantics and pragmatics of human
ing

the €X¢€

mirror ne
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syster
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15.5.1 Intentionality and language
Let me begin with the words of Jerome Bruner (personal communication, 1979):
» more deeply I have gone nto the psychology of language, the more impressed [ have become
C

Th :
he absence in psychology of certain forms of psychological analysis that are needed in the

with U
qudy of language acquisition and language use generally. One such is the role of intention and

e perception of intention in others (emphasis added). Language use is premised in a massive
way upon presuppositions about intentions. . . Yet psychology, or at least positivistic “causal”
psychology. ignores the role of intention. . . Such matters are most often treated as epiphenomena.

Whereas Bruner called attention to the importance of intentionality in language,
Searle (1980) fleshed out this insight with an analysis of the behavioral and cognitive
features of intentions. He identified two key features of intention: directedness and
presentation or representation of conditions of satisfaction (i.e., presentation or represen-
ttion of the goal). He further subdivided intentions into two levels. The first level he
called intention-in-action. Intention-in-action involves presentation rather than represen-
taon-of conditions of satisfaction. In intention-in-action, conditions of satisfaction
are implicitly present during the intentional action. Prior intent, in contrast, involves a
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representatio vondit: . .
i M of the conditions of satisfaction. In prior intent, a mental mode|
S satisfaction R . K 4 el of cond;
i action are explicitly present hefore the action begins. As the reaq st
guage is a major way of externalizing goal representation, “on Wik pee

1552 ?R::.EE:.Q and the ontogeny of language

I cwm:.d with the case that the expression of intention-in-action i part of
com_:.::w.f, of child language (Greenfield, 1980). Here is an example from g cw - <.nQ
of a toddler at the one-word stage. My example occurred during a cEE?.::.w iog L
:zq_ his mother was teaching and I was observing. This was an ::v_ESnM mw_“: o
phic example that supplemented systematic formal study (Greenfield and msm_” :mmm..

Greenfield, 1980).

The child goes toward his mother, whining “shoes, shoes™ (he has only socks on). He co

toward me and gets his blue sandals. try to help him while standing up, but cannot do _._S.M, ”.._;
down with one shoe, put him on my lap, and put his shoe on. Then I put him down, =o._ VM ‘.5
anything. He walks straight to his other shoe, picks it up, and comes back to me. I put __:r onm v__.zm
and put his other shoe on. He then runs toward his mother still talking, saying “shoe, shoe™ _w_ ...__M
excited voice. He lifts his foot to show her. When she attends, he points to me. She understands

saying something like “The lady put your shoes on.” Both are very excited.

This communication sequence involves social interfacing and coordination of obsery-
ing and executing goal-directed actions. The sequence includes intention-in-action and
the expression of prior intention on the part of the child, my active cooperation to fulfil
his intention, and linguistic recognition of fulfilled intention on the part of the mother,
Let me show how all of this played out through an analysis of the sequence.

First, the child used his language, a single-word utterance, to communicate intention
through explicitly representing his goal (**shoes”); this is the expression of prior intention.
I then observed and responded to his intention by my own complementary goal-directed
action (my action of putting on his shoes). This was a goal-directed or intentional act
on my part, which of course allowed the boy to fulfill his own intention and reach his
goal. The child then used his language to communicate goal achievement (*shoe, shoe” in
an excited voice). The mechanism of self-repetition, here used to express excitement,
could be considered a kind of self-mirroring mechanism. Here he has shown excite-
ment about fulfilling his intention and reaching his goal. His mother then observes and
represents my goal-directed action in a full, adult sentence (“The lady put your shoes
on™). This sentence also acknowledges that his intention has been fulfilled, his goal
reached.

As the preceding sequence exemplifies, early language is specialized for the represen-

tation of intentional action, and early conversation is specialized for the interpersonal
es of conversational

coordination of intentional action, as we saw in the earlier exampl
repetition. Just as mirror neurons are specialized for goal-directed action, it seems that

language is too. The preceding conversational sequence is backed up by the entire corpus

of mirror neuron.
mplications of 8. 100ls and langugqg, 3
325

es in many languages (e.g.. Bowerman, 1973. Brown, 1973), A
one-word and two-word “sentences,” children encode 582:5: .._ ._~ g
ic functions at the one-word stage are the expressjon of action Ms spr:s
. ba(ll)- having just thrown L ball) or action of agent (for example, up. f;_”.m_
hair) (Greenfield and Smith, 1976). \.: the two-word stage, again ::c...__,r_
! up OF i relations in child language encode intentional action, sy, M_, arel :.ﬁ v
, semdar agent and action (for example, daddy (agent) bye-hye (action) ._:.. .: n
n work) or between object and action (caca (baby talk word for ...:.M.Ha._.,
)ong 5.3\.:_; word for “on”, the mc.:.oi. s.:__w carrying a record to the P.Ea.
; nd Smith, 1976). In some instances, like daddy bye-bye, the child is
action of another, which he has observed. In other cases, such
g. the child is expressing his own intention. From the point of view of mirror
actment and the interpretation of observed intentionality are equally

» studi
v languaee stud
pearly
4 f vo:d
Ria ::.m_‘:::_

yact

15.5.3 Intentionality and the phylogeny of language

Participants and background for the ape data
The data in this section come from Kanzi. his half-sister Panbanisha, and Panbanisha’s
e ;

onstant companion, the female chimpanzee Panpanzee. All were exposed to English and
exigram communication in a naturalistic rather than a training modality.

EXIZ

The use of symbolic combinations to express intended action and goals by
humanly enculturated apes

>=5§%&%<a_ou&m=o_unn EoSmEE:E:.nm_&ﬁﬁ:55:..%:5833:&20
orthree lexigrams together (e.g., touching playyard lexigram followed by Austin lexigram
(when he wanted to visit the chimp Austin in his playyard)) or combined a lexigram with
a gesture (e.g., touching balloon lexigram followed by gesturing to Liz, who he wants
10 give him the balloon) to form original utterances that were not rote imitations of
humans. These symbolic combinations expressed the same major semantic relations as
young children’s (Greenfield and Savage-Rumbaugh, 1991; Greenfield and Lyn. in press),
relations such as action-object (e.g., touching keepaway lexigram followed by balloon

lexigram, wanting to tease caregiver with a balloon) or agent-action (e.g., touching carry

lexigram followed by gesture to caregiver, who agrees to carry Kanzi) (Greenfield and

mgma.x__sgcm? 1991). Each of these semantic relations also encodes intended action

oran action goal.

While a corpus of combinatorial communications in the wild has not been assembled,
Itis clear that chimpanzees in the wild can combine gestures [0 express comparable
n.es_v_nx semantic meanings and intended actions (Plooji, 1978). This evolutionary
imetable is different from that proposed by Arbib, who places protolanguage after the

Q, ”
vergence of Pan and Homo.

e —
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In this example, Kanzi expresses his desired goal by combining a lexigram :__”. Tw. 2.
he first touches the chase lexigram, then points to his caregiver, Rose, __a_n.__“ e
would like Rose to play chase with him. Interestingly, Kanzi's open _:c_e. :“,m -l
system also included protosyntax — for example, a creative sequencing ,._‘c_n.m:_“““:,:_s__
modeled by his human caregivers) that gesture generally follows lexigram (Gre ok
and Savage-Rumbaugh, 1991). 3___:,:

on ./:r:
- Anguage, have
AUONS of (yg bonoty
Xample is found i

Intentional action, language, and mirror newrons

Mirror systems clearly privilege intentional or goal-directed action over mere movemeny
and this holds for monkeys as well as humans. It might be something as simple as Jesse,
brain size that is responsible for the Broca’s area analogue in monkeys not entering iy
a complex symbolic communications system. Be that as it may, the encoding (understand.
ing) of goal-directed action and the enacting of goal-directed action, not to mention the
interindividual coordination of goal-directed action are at least as important in the wilg
as in captivity. This is probably the adaptational reason for the evolution of neural
circuitry that both produces goal-directed action and understands it in others. Indecd,
observations of chimpanzee communication in the wild have revealed many examples
of the use of the vocal system to coordinate action among conspecific members of the
group (Goodall, 1986). Observations of chimpanzee families with young children in the
wild reveal gestural communication to coordinate action between mother Ea. child
(Plooji, 1978). Falk has recently emphasized this type of vocal and gestural coordination
between mother and infant apes (Falk, 2004).

T
0

irror X y encode intended action
Why monkeys have mirror neurons, but do not use symbols to ¢

Just as with sequences of actions using objects, the reason for .,.,.uo&am a:.?_.ﬁwnmw ”ﬁwrw_
monkeys, apes, and humans is the following. Mirror properti s onn.:: in many __“‘”:s
neuron. Presumably they can also occur in the Bo_.o.noq:_u_nx n:ﬁ.:_m :a.anm_a_ﬁso” o
sequences. Hence they are specific to vm:,oc_s_” x:.az of wnrwio,; an socc el
quences. Therefore, if monkeys are lacking certain kinds of neurons oﬂ_ﬁ“_o,“uﬁ o :w.
they will also lack the mirror neurons in 5040 areas. Hence, .o_z_n__i%,”d . _.“..o_. i
behaviors to be similar from species to species even though all ha

y :1: ations of mirror newrons: tools and lang,
’

uage

Fiure 15.7 (a) Kanzi touches the lexigram chase. (b) Immediately he points to Rose, communi-
m.._m.__? that he wants her to chase with him. (Photographs courtesy of Sue Savage-Rumbaugh.)
2

their nervous system. What one would expect to be similar would be the tendency to
observe and imitate whatever goal-directed actions were feasible for that species and the
tendency to enact and understand those same goal-directed actions.

The use of lexigrams to represent prior intent
This phenomenon has been seen in the enculturated apes, as it is in children. For 2&519
Panpanzee, touched the dog lexi gram (agent) and then touched the play lexigram
{action). She then led her caregiver over to the dog house, where she and the dogs played
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In sum, i i i
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animals, in s s ) :
symbol &iw—ﬁ oﬂwwv_m_”w ﬂ.cwq_ovn:_u:o: of intended action was a Spontaneous ys
foiiidifion o WEn::osm_:“a w oozo_c.% .._S.~ language has at very least been o<£a.,_mﬁ that
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ey 5.0,5,2. _c. .853::.8.:%. of and about intended action is partj e
; individual coordination of goal-directed action, as j teularly
above and in the section on repetition. » & In the exampies

1554 ~.~ ypothesis concerning the relation between mirror neurons and
intentionality in the ontogeny and ph ylogeny of language

Mirror neurons encode the execution and observation of goal-directed action - such g
we saw _.= a non-verbal action when the boy acted as though his goal was to get his shoes
n:.. on (intention-in-action) and in the linguistic representation of prior intent by child,
.n:.ma:Noa. and bonobo. An (intentional) agent carrying out action on objects is implicit
in children’s single-word or telegraphic utterances and more explicit in the adult’s longer
sentences (as in “The lady put your shoes on”). This latter describes the intentional action
of another, based on observation. Indeed, the neural and cognitive linking of observed
goal-directed action with enacted goal-directed action is the essence of the mirror system.
My hypothesis is that mirror neurons subserve both the expression and interpretation
(comprehension) of intentional action in language. Once we take action to the level of
symbolic representation we can represent many actions that we cannot carry out our-
selves. However, what is important for present purposes is that the comprehension and
expression of intentional action is a bedrock of language development and evolution,
a foundation from which other functions can develop in both ontogeny and phylogeny.

Ontogenetically, language builds gradually on the intentional structure of action, i.., the
structure that is coded by the mirror neurons. That is, mirror neurons may highlight

ons of mirror neurons tools and language 579
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rticular neurons and neuronal circuits that have mirror properties
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«r_n_ﬂ_m of  intentional action in a single word utterance (Greenfield and Smith, 1976)

; i 4
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a single symbolic element to communicate intended
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Thus, Kanzi could use e sy .
an carlier point in his development than he formed two-element

w«chase™ at
h as chase i . .
action SUC e message concerning his goal in the situation (for

pinations 10 get across the ,,E.:. 4 ; -
; Jase (lexigram) you (pointing to Rose) (Fig. 15.7). Similar ontogenetic se-
cnas ”

single-element to two-element encodings of goal-directed action have been
«d in the bonobo Panbanisha, and the chimpanzee Panpanzee.

%a:ﬂ cnies are simply sequences of ontogenies that are modified over evolutionary

=.=__H__‘,AMM§_‘ et al., 2000). Therefore, the common ontogenetic sequence by which

Jinguistic structures come to encode increasingly explicit structures of intentional action

»_Qﬂi species has potential evolutionary significance. Again, while phylogeny does not

recapitulate the ontogeny of one species, common ontogenies across species in the same

clade or family imply that the sequence was present, at least potentially or in some form,

peurons-

com
example.
quences from

in the common phylogenetic ancestor.

15.6 Conclusions

Developmental research, cross-species comparison, and mirror neuron studies are con-
verging to provide clues to the neural foundation of cultural learning and transmission in
ontogeny and phylogeny. In this chapter, I focus on two central features of human culture,
language and tools (Greenfield, 1991). Mirror neurons and canonical neurons provide

The two numbers represent the age in months and days.
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