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Often biological evolution is contrasted with cultural process, but
the dichotomy is problematic because ultimately the capacity to learn
culture is naturally selected. This capacity is critical for humans, and it
is tied deeply to the child’s potential for cultural learning, which for
our species involves the recreation of cultura! traditions in each gener- '
ation (Lock 1980). This natural ability to acquire (and transmit} cul-
ture is actualized through cultural apprenticeship, the subiject of this
chapter.

Apprenticeship processes are an important key to behavioral
ontogeny in a species that must, in the course of a single lifetime, both
acquire extensive cultural knowledge from the preceding generation
and transmit it to the next. A few other animals participate similarly in
sacially learned group traditions (e.g., McGrew 1992), but there
remains an important question {see Tomasello 1989, 1994): Do species
such as chimpanzees learn their cultural behaviors in the same way that
humans do, and in particular, are they able to imitate?

One way to explore the imitation controversy is to focus on behav-
ioral ontogeny, which involves coordination between skill development
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and apprenticeship processes, We deo soin this cliapier by comparing
apprenticeship bebavion in humans Gacquisition of traditional ¢rafy
skills) with apprenticeship in chimpanzees {acquisition of tool-use

skills in feeding). Oweworking hypothesis is tha chimpanzees may well

be (';lp;ﬂ)l(- ol imitative learning, both in captivity and in the wild, and’

that the best way (o explore this Important question is (o compare
apprenticeship hehaviors of the 1wo speetes under nataral conditions.
After considering chimpanzee lem I Processes, we move on 1o those
ol Mayi weavers and dhraw evolutionary conclusions from the compan-
tive studics,

Cultawral apprenticeship can he conceptually decomposed into
processes ol learning and teaching; (hese take place both between and
within generations (Greenfield and Fave 1982; Lave and Wenger 19,
Parker 1996a; Rogoft 1990). Because an important aspeet of human
culture and its evolution lies in technology, the apprenticeship
processes required to learn and transmi technological knowledge are
the focus of this chapter, In what {ollows, we explore apprenticeship in
a human tool system {Greenofield 1999; Greenfield, Maynard, and
Childs 97, Maynard, Greenfield, and Childs 1999} and in a chim-
panzee tool system (Yut 1994) . For this purpose, we utilize two unique
data sources: (1) a cross-sectional and historical {long-term diachronic)
video study of human ool apprenticeship and (2) a crosssectional and
longttudinal (short-term diachronic) video study of chimpanzee tool
apprenticeship. The human tool system is weaving in Zinacantén, a
Maya community in Chiapas, Mexico; this is the first microanalytical
stucy of naturally occurring transmission of a human tool system
(Childs and Greenfield 1980; Greenfield 19949}, The chimpanzee tool
system is termite fishing in Gombe National Park, Tanzania (video
archives of the Jane Goodall Research Center, University of Southern
California, used by Yut 1994), and this is the first microanalytical study
of naturally occurring transmission of a chimpanzee tool system. This
chapter constitutes the first time these two data sources have been put
together for comparative purposes, We supplement our own analysis of
the acquisition of chimpanzee 100l use with nonhuman primate data
from other sources.

The evolution of powerful means of learning and teaching creates
culture by providing a way to transmit and transform knowledge from
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generation to generation. This is the hallmark of human culture
(Bruner 1972; Parker and Russon 1996). The evolution of powerful
means of learning and teaching opens the door (o behavioral flexibility
on the individual level and to cultaral change on the social level. In
other wouds, the phylogenetic evolution of learning and teaching mechanisms
creales a biologically based potential for cultural change.

In recent years, much has heen written about the existence of
learning biases; these predispose human leurning in particular cultural
directions such as language and complex social relationships (Boyd
and Richerson 1985; Fiske et al. 1998; Pinker 1994a; Trevarthen 1980).
Tools and technology constitute another such direction. The focus of
this chapter, however, is less on prt:(lisliosilions to learn particular con-
tent than on predispositions to utilize particular learning and teaching
mechanisms. The role of teaching mechanisms has been relatively
neglected in approaches to both the evolution of culture and cultural
change; these mechanisms will be central to the discussion that follows.

Pérusse and colleagues (1994:328-29, their em phasis) have
pointed out that ; ’

tcaching hiases (cvolved tendencies to convey adaptive infor-
mation to offspring) are potentially more powerful co-evolu-
tionary forces than learning biases (evolved tendencies to
acquire adaptive information) because they capitalize on an
efigenetic component in parents: the extensive knowledge that
comes from experience gained during the long transition 1o
adulthood. If they evolved, such biases could (hus have given
rise to an almost-cndless production of adaptive and diverse
cultural variants, as the biases, in addition 1o being naturally
selected, would necessarily be context-dependent in their oper-
ation. In cffect, teaching binses might help reconcile the appar
ent contradiction between the adaptiveness and the diversity of
human culture. A necessary condition for teaching biascs 1o
cvolve, of course, is that parental rearing be under genetic
influence.
The authors then verified this conelition cmpivicittly (Pérusse ot al.

1994), Using a targe sample of adult twins, they did a bebavior genetics
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stndy in which the toget heliavior was parental child-rearing behavior.
Their results established theg parenting beliavior, in general, is herita-
ble This finding opens ap the possibility that parental teaching style, in
particular, ts also heritable, Pérusse and colleagues (1994:328) asgued
for the naturat selection of parental teaching technigues: “Genes pro-
moting the transmission by parents ol aelaptive versus neatral or mal-
adaptive stimuli would likely generate the acquisition of acdaptive
infotmation by children and, hence, he naturadly selected through the
process of kin selection.”

Knowledge transmission is a defining feature of enltare. Indeed,
Parker and Russon {(1996:432) have delined eultures as ‘representa-
tions of knowledge socially transmitted within and between gencra-
tions in groups and populations within a species which may aid them in
adapting to local conditions {ecological, demographic, or social).”
Within the framework of this definition, all that is necessary for culiure
is some form ol social transmission of knowledge—that is, communica-
tion. We include in our definition of commumication untntentional as
well as intentional communication. For example, a model observed and
imitated by another is often an unintentional form of communication.
Individuals of the same species must communicate in order to transmit
behavioral information—ithat is, information that affects the behavior
of another animal.

Bonner {1980) traced the development of calture through extant
animal species, stressing the need for some form of comnautnication,
not for a full-blown language capacity. In Bonner's phylogenetic analy-
sis, learning in animals preceded simple forms of teaching, which pre-
ceded more complex forms of instruction. Bonner stressed that
complex forms of teaching are more recent and are basic to cultural
change in the human species. These more complex forms are not nec-
essary, however, for cultural transmission,

Central to his ideas about cultural evolution is that certain kinds of
information are best transmitted by means of social behavior, because
genetic transmission would require a complex code and would he
nearly impossible. If the transmission of these kinds of behavioral infor-
mation is adaptive, then there is strong selection pressure for effective
social transmission; genes that make this kind of transmission possible
will be favorahly selected.
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In the first part of the chapter, we focus on and compare the ool
use and teaching-learning techniques used by chimpanzees and
humans. We will also look at within-species variability in cultural tradi-
tions and transmission across both space and time. By making a cross-
species comparison of teaching-learning processes in humans and
chimpanzees, we can learn two kinds of things relevant 1o the evolution
ol tool apprenticeship,

First, we can identify similarities in the teaching-learning pro-
cesses of the two species, These similaritics produce knowledge of a
possible common evolutionary foundation for teaching-learning
processes in the two species before their phylogenetic divergence five
million years ago. We present data primarily from chimpanzees (Pan
troglodytes), but from time to time we bring in findings from bonobos
(Pan paniscus), a species that diverged from Pan troglodytes about two
million years ago (Caccone and Powell 1989). Pan troglodytes, Pan panis-
cus, and Homo sapiens are considered to be sibling species. Our evolu-
tiohary case is strongest where we have data from all three sibling
species, :

Second, we canﬂi(lentify differences in the teaching-learning
processes of Pan and Homo. These differences are evidence for possible
evolutionary change in the ontogeny of cultural behavior in the fast five
million years, after the phylogenetic divergence of chimpanzees and
humans,

In the second part of the chapter, we explore the utility of evolved
processes of human apprenticeship for adapting to ecocultural change,
We focus on weaving, a complex technology, and the means by which
skilled use of this technology is transmitted and transformed from gen-
eration to generation. The particular ecocultural change on which we
focus is the economic transition from agriculture to commerce. Insofar
as this change entails changes in tearning and teaching, we conclude
that certain types of apprenticeship processes will he adaptive and may

even be sclected for under particutar ecological conditions,

THE EVOLUTION OF APPRENTICESHIP
AND TECHNOLOGY '
Japanese primatologists, starting in the 19505, began 1o lind cvi-

dence in macaqgues for two key features of human culture, social
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tansiission of information and tool use (Itani and Nishimura 1973;
Kawai 1465; Kawamura 1959 Pavker and Russon 1996}, (For pPurposes
ol this chapten, we deline a tood as an object that is purposely Fashioned
toaccomplish a task involving i teast one other object.) The Japanese
research suggested that crossspecilic studies could help in reconstruc-
ing the evolutionary loundations of human culture.

The notion of cultuge in nonhuman primates (Parker and Russon
1996) soon spread beyond Japan (Kummer 1971) and became curreny
with works such as those by Wrangham, Goodall, and Uehara (1983),
Goodall (1986), McGrew (19492), Wrangham and colleagues (1994),
Boesch and colleagues (1994), and Boesch (1996). More specifically,
this body of research (recently synthesized by Whiten et al, 1994)
showed that chimpanzees have the rudiments of cultural knowledge,
the rudiments of cultural variability, the rudiments of intergencra-
tional learning processes for cultural transmission, and the rudiments
of cultural change.

Apprenticeship in Toot Use: A Human-Chimpanzee Comparison

Scaffolding. Scaffolding is an interactional process by which an
older, more skilled member of the species supplies help to a younger,
less skilled one, thus enabling the younger 1o accomplish a task he or
she could not complete independently (Wood, Bruner, and Ross 1976).
At a later point in this dcvelupmcnlal sequence, the role of the older
guide is internalized (Vygotsky 1978) or appropriated (Saxe 1991)
by the younger learner, who is now able to carry out the same task
independently.

Although Wood, Bruner, and Ross (1976) conducted their
research with human children, scaffolding is not unique to humans.
Chimpanzee mothers in the Tai forest of Ivory Coast provide a scaffold
for their young who are fearning to use a hammer and anvil 1o.crack
nuts (Boesch 1991, 1993). For examiple, when a mother goes to gather
mote nuts, she might leave a nut pusitioned in the hollow of a irec-rom
anvil with a hanmer stone on top of it. She has prepared and posi-
tioned all the necessary materials for nut cracking; all the infant has o
do is pound the nut. Chimpanzees without infants have never been
observed | raving intact nuts hehind when they go 1o gather more.

Maothers leave hammer and/or nut on or near their anvils while col-
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Jecting additional nuts significantly more often for infants aged three
and above than they do for younger infants, lutcres!iugly, three corre-
sponds to the age when chimpanzees first become interested in nuts
and in using hanuner tools {Boesch 1991.). Thus, leaving nuts and ham-
mers behind is not a generalized chimpanzee behavior but is (1) a spe-
cific maternal behavior and (2) concentrated in the chironological age
window when chimpanzecs are maturationally ready 1o acynire the skill
of cracking nuts with hammer and anvil. Thus, this maternal behavior
appears to be directed toward the goal of facilitating 100l apprestice-
ship in infant chimpanzees.

Whereas this type o maternal scaffolding is common, there is
another, extremely rare type of scaffolding that is much more dramatic
because it involves collaborative learning (Tomuasello, Kruger, and
Ratner 1993). (Later we discuss the potentially important role of infre-
guent or rare behaviors in the cvolutionary process.y In this example,
Salomé is cracking nuts with her son Sartre. “After successiully opening
anut, Sartre replaced it haphazardly on the auvil in order o uy Lo gain
access to the second kernel. But helore he could strike it, Salomé took
the piece of nutin her hand, cleaned the anvil, and replaced the picce
carefully in the correct position. Then, with Salomé uhscr\'ing him, he
successfully opened itand ate the second kernel” (Boesch 1993:177).1
Collaborative learning is Tomasello, Kruger, and Ratner’s (1993) (hird
and fast fevel of cultural learning, Fheir view is tha only humans have
this ability (cf. Reynolds 1993). This example, however, albeit a rge
one, suggests a preadapttion for collaborative tearning that may
stretely back five million years.

Analogs (o these examples of scaffolding and collaboyative tearn-
ing in chimpanzee ol apprenticeship are found among hunans, For
example, Zinacantee Maya mothers can be observed preparing the
materials that their danghters will necd in weaving; an example of this
phesomenon is shown in the sequrence ol acttons and interactons in
figure 0.1 The woman on (he right in the first video frame {ligr. 9. Ta) iy
sty a knile 10 prepare astick (o be used as o bobbin in the weaving,
She hands this stick (o one of her daghtess (g, 9. 18), who then uses i
s she helps her younger sister lear 1o weave {fig. 9. 1), The human
example is more sociatly complex than any exainnple of scilfolding

uhserved in chimpanzees: the lunpan mother is dealing simulimeonsly
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FIGURE g.1. i

Videa frames showing the coordinated use of @ tool in weaving apprenticeship. A: Mother
{hands at right of frame) makes a stick wsed in the weaving process. B: She hands the stick
to her older daughter. C (opsposite); The older da ughter uses the stick as she helps her
younger sister (Katal 1) learn to weave. (First name plus number identifies individual
stibjects in our complete dutabase of video and other records, ) Nabenchauk, Zinacantdn,

Chiapas, Mexico, 1970, Video by Patricia ¢ reenfield.
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C

with two other people, whereas the chimp mothers are dealing with
only one other animal. Nonetheless, in these examples both human
and chimpanzee mothers are clearly anticipating the needs of their
children for aid in successfully completing their respective tool-based
tasks. In addition, Salomé, the chimpanzee, appears to take action to
Prevent an error on her child's part.

Another aspect of scaffolding has also been observed among Tai
chimpanzees. They go through the nut-cracking motions more slowly
when one of their offspring is present and watching than when a child
is not Present to watch (Boesch 1991). In Parker's (1996a) typology of
teaching techniques, this aspect of scaffolding is called demonstration
teaching. )

Demonstration teaching is an important part of weaving appren-
ticeship for the Zinacantec Maya, In the sequence depicted in figure
9.2, demonstration teaching is combined with its complement, obser-
vational learning. In the first video frame (fig. 9.2a), a young girl is
Wweaving aq a backstrap loom. As she comes to a difficnlt part of the
Process, her mother takes over. In the second frame (fig. 9.2n), the
Mother has begun to weave while her daughter observes. This
Sequence shows how demonstration can be a part ol a scaffoliling
Process: In laking over the weaving, the teacher not only serves as o
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Fleure g.2.

Video frames showing demonstration teaching. A A young girl (Katal 1) wenves on her
own as her mother stands nearby. B: The mother then sleps in and takes over the weaving
while the girl observes, Nabenchawk, Zinacantdin, hiapas, Mexico, 1970, Video by

Patricia Greenfield.

CULTURAL APPRENTICESHIP & CULTURAL CHANGE

model for the learmner but also helps the learner get through a difficult
part of the weaving process. The learner is also given an opportunity
for observational learning.

Keep in mind, as we make onr crossspecies comparison of ol
apprenticeship, that weaving technology is much more complex than
termiting technology. Using Piaget’s scheme of cognitive develop-
ment, we coutld place the former at the level of concrete operations
(Greenfield 2000) (completed by many children around age 10}, and
the latter at the level of sensorimotor intelligence (completed by chil-
dren around age 2). '

Observation and Imitation. In contrast to the Tai chimpanzees (and
humans), chimpanzees from Gombe National Park in Tanzania do not
use scaffolding to transmit the use of sticks to fish for termites, nor do
they scaffold dipping for driver ants, another toolbased activity at
Gombe. Gombe chimpanzees use no special techniques whose goal is
to help learners achieve mastery of tool use. Instead, learners have
apportunities to observe older chimpanzees as the older animals use
Stems or vines to fish for termites or use sticks to dip for ants in everyday
practice. The older animals at Gombe, unlike those at Tai, have never
been observed to carry out a deliberate demonstration for the purpose
of helping a young chimp to learn. Correlatively, unlike nut cracking at
Tai, nut cracking is not part of Gombe culture (Whiten et al. 1999). We
conclude that not only is there cross-cultural variability in chimpanzee
cultural behavior, but there may also be cross-cultural variability in
(‘himpanzee mechanisms of cultural transmission,

Chimpanzees are exposed to models of tool use, but do they watch
and imitate these models? Our observations (as well as those of
Custance, Whiten, and Bard [1995] and Boesch [199G]) run contrary
to what one would predict from Tomasello’s position that chimpanzecs
Can emulate goals but cannot imitate means of tool use (Tomasello 1989;
Tomasello eq al. 1987) unless they have received human enculiuration
(Tomasello, Savage-Rumbaugh, and Kruger 1993). In contrast 1o
Tomasello and colleagies, we studicd what '('himp;umrc-s observe, rather
than whay they do, as a window ino- the question of observational
Iczu'ning and imitation. Using the Jane Goodall Researvch Center's
video archives at the Hniversity of Sonthern Californin (U.‘x‘())-, we
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FIGURE g.3.

Frames from a video of a twoyear-old Juvenile male chimpanzee observing the means by
which an adult reaches the goal of feeding on termites. The numerals indicate that the
sequence takes 3.85 seconds. A: In the first frame, the infant’s head is oriented toward
walching the mother's hands as she engages in the fishing process. B: As the mother’s hand
brings the fishing tool to her mouth, the infant’s head adjusts upward as its gaze is divected
at the mother's hands and mowth, C (opposite): The infant follows through on these adjust-
menis and raises s head further as its eyes continue to track in the divection of the mother’s

hands and mouth. Video frames courlesy of the Jane Goodall Research Center, University of
Southern California.
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found that young chimpanzees pay close attention to the means as
well as the end when they observe older chimpanzees engaged in
fishing for termites. In the sequence shown in figure 9.3, for example,
the juvenile's gaze follows the upward trajectory of the termiting tool
(hg. 9.3a—).

We identified 32 instances in which we were able (o code the spe-
cific focus of attention of the subjects observing an experienced adult’s
termite fishing. In half of the observations, subjects paid attention to
the entire trajectory—that is, to the adult’s getting the termites with the
stem or vine and transferring them to the mouth (Yut 1994). Indeed, it
was relatively infrequent for subjects to focus on the adult’s eating the
termites (goal) without first observing the adult get the termites on the
tool and then visually following the trajectory to the mouth-—that is,
Observing the means (Yut, Greenfield, and Boehm 1995). This close
observation of means is a prerequisite for the imitation of means. In a nat-
ural task context, this finding casts doubt on the idea ihat chimps are
generally limited to emulation (replication of ends only} without being
able to imitate the means that lead 1o the end.

These natural hehaviors contradict the assertion of Nagell,
Olguin, and Tomaselio (1993) that captive chimpanzees paid attention

to general functional relations in a laboratory task but not to the actuad,
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demonstiied methods of (oo use. This is not entirely Surprising,
Because we are anabyzing a natunal chimpanzee sk rather than an Aarti-
fietal himam one. In accond with Praget's (1469) perspective cmphasiy-
ing the importancee ol cognitive uderstaneing of the observed niodel
that is to be imitared, we would expect accurate imitation of means (o
lake place in an activity that is Pt of the titeway (or cnlture) of 4
species or gron Goud therefore is well understood), as termite lishing
is for the Gomhe chimpanzees (¢, Boesely 1993). Boesch (1996) pro-
vides parallel examples of imitation from chimpanzees in the Tai forest
of the Tvory Coast.

Tomasello’s first criterion for imitttion—rote copying of means-—
requires some discassion. This is 4 rather behavioristic approach to the
topic of imitation. I stands in stk conlrast to Piaget's (1962) cognitive
approach o imitation, in which he emphasized not replication but the
rugt_lili\'('. transformation of the moedel in accord with the developmen-
tal stage and schema of the imittor In other words, in an act of imita-
tion, a child (or an adudt) will replicate the features of the model as he
ot she understands then.

For Piaget, thercfore, unlike Tomasello, the production of an
exact replica could never be a criterion for an imitation. Cognitive
transformation of models was also part of Russon’s (1996) definition of
true imitation and was frequently observed in rehabilitant orangulans,
Miles, Mitchefl, and Harper (1996} also observed transformation of
models in the imitative behaviors of a captive orangutan. Whiten (n.d.)
made a similar point in noting that emulation of a model’s ends, in
combination with creative transtormation of the model’s means, may
actually constitute more intelligent behavior than the (rote) imitation
idealized by Tomasello,

( ,'In'mpmrzet’s, however, are indeed capable of teplicating a model’s means
by imitating them. Eyen accepting Tomasello's criteria for true imitation,
we have observed that Juvenile chimpanzees translate their. close
observation of adult (ool use into the replication of specific features of
the model's activity—for example, a juvenile moves o an adult’s ter-
mite mound after watching successtul termiting there. There is such
an instance in the Jane Goodall Researcly Center video archives at USC
used by Yt (1994) in her quantitative study of developmental changes
in visual attention to ool activity. In one extended action sequence
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{fig. 0.4), the young chimpanzee’s intentional activity clearly involves
taking the same perspective on action as the original model; this is

Tomasello’s second criterion for true imitation. Tn this sequence, a
jivenile observes an older chimpanzee fishing for rermites at a partic-

ular location (Ag. 9.44). After the older chimpanzee has left the toca-
tion, carrying his termiting tool with him, the younger one, swinging
from a tree (fig. 9.48), takes the older animal’s tool fram his mouth.
The younger chimp then returns to the original location (fig. 9.4¢)
and begins to use the older chimp's tool to fish for termites (fig. 9.4n),
The use of the older chimpanzee's tool, location, and activity consti-
tutes the replication of specific features of the elder chimpanzee's
methodology. From a learning perspective, this imitation functions, at
the very least, to provide practice in fishing for termites. Because goal-
directed activity is involved, this imitative sequence also involves some
perspective taking: the young chimpanzee assumes the same perspec-
live on the activity that the older chimpanzee had taken a few minutes
carlier. As Russon (1996) has found, the unitation lies in the organiza-
tion of individual elements, not merely in isolated behaviors,

We have ohserved similar imitative sequences in Gombe with
infant and juvenile chimpanzees and their mothers. An infant or juve-
nile chimpanzee will often grab the mother’s abandoned fishing tool
when she gets up to leave; the young chimpanzee will then use the ool
ter fish for termites, often with no success. In one such example, the
Mother’s termite hole and tool werg far more productive than the hole
i 100l the infant had been using earlier. After taking over the
Mather's hole, the infant began to get a few insects, having assumed 2
Position and posture similar to the mother’s. The infant was torn, how-
tver, belween sl:'lying close to its mother, who was moving away, and
('nulimting to fish. The infant therefore whimpered whenever the
mothey hepan 1o move; in this fashion, the infant kept the mother neay
d continued 1o fish, using the mother's stick and termite hole with 2
Moderage depree of productivity for about 45 minutes.

In captivity, we have striking case of acull chimpanzees learning
* complicated behavior not found in narre, by immediate bnitation,
An observation by Desmond Morris (19623 in a caplive colony of ¢lim-
Panzees makes o direct connection hetween observing and imitaling,

Morric ane.. . , . no
TS gave gix c‘hnnp;mz(r(‘s in the “(.lump:m'/('(’ Den™ of the London
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FIGURE g.4.

Video frames from a sequence of imitative activity. A: A twoyear-old male juvenile chim-
panzee observes an adult male USing a stem or vine to Jish for termites. About seven min-
utes later, the adult moves a fow steps away from the fishing site, halding the tool in his
mouth. B: The juvenile, now playing in a tree, takes the tool Sfrom the adult’s mouth.

C: Less than a minute later, the juvenile descends with the stolen tool in his mouth and

heads toward the location where he had cbserved the adult Sishing for termites earlier

D: The juvenile then uses the toof to Fish for termites there. The whote sequence takes 8 littée

less than eight minutes. Video Srames courtesy of the Jane Goodall Research Center,
University of Southern California,
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Zoo their first dry
tested alone, Moar

how g hold the
with (he

wing experience. With the first three chimps, each
ris provided the chimp with needed instriuctions in
Pencil. He described whiu subsequently happencd
last three chimpanzees in (his situation:

Bm then, when the fourth one, Fifi, came ont, to my astonish-
thentshe Brabbed the pencil from me and started (o work with-

ontany hesitatioy,, The though sirdck me that this must be (he
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resubt of imitation and L onoed quickly round to'see a dense
cluster of young chimps wlb hanging rom the wire of their vest-
rocnnad the spotwhich gave them the clearest view of the draw-
ing Fili was making. I had been so absorbed in watehing ihe
chiawings emerge on o the paper, that 1 had not realized that
the Chimpanzee Den was much quicter than usual. T was told
alterwards that, behind my back, the silent huddte had hung
throughout the tests, intently watching every move, as if their
very lives depended on it

Bespite this, the facy that Fifi was the leader of the group
made me suspicions. It contd just bave been that, being the
leader, she always took action in a new situation, without waiting
for directions. But the filth chimp, jubi, answered this doubt,
She was smadl and the least assertive of the group. But, never-
theless, she had seen cuough. She did not actually take the pen-
cil from me, but when T handed it to her she siraightaway
started to draw, (Morris 1962:39)

Chimpanzees are also capable of replicating « model’s sequence of func-
tional acts. Whiten (1998) created an experimental test of chimpanzee
skill in replicating behavioral sequences. A human model showed
humanly enculturated chimpanzees how to open artificial fruit. In line
with the greater intelligence of emulating (i.e., copying the goal)
rather than imitating (i.e., copying the means) under certain circum-
stances, the chimpanzees began by imitating model behaviors that were
unnecessary to the task; these dropped out over a number of trials
(Whiten n.d.). Simultaneously, as subjects experienced repeated cycles
of demonstrations and opporumities to perform the task, their behay-
ior gradually converged on the sequential pattern of the model, including
only those steps that were necessary to accomplish the task (Whiten
1998). Learning over time to replicate a task-relevant sequence of acts
demonstrated by a model could be a powerful mechanism in the evolu-
tion of cultural transmission. 1n sumn, this array of findings indicates
that obscrvational learning (Bandura 1977; Goodall 1986) and imita-
tion are important for chimpanzees, as they are for humans, In both

species, they play an important role in cultural ransmission.
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The Role of Observation and Imitation in Development

and Cultural Learning

The research of Bloom, Lightbown, and Hood (1974} on the role
of imitation in language developmient suggests that imiation of models .
is most frequent with respect to a skill that is already in the process of
being acquired but has not yet been mastered. The example of imitation
in termiting reported earlier conforms to this principle: it occurred ag
the age of two years, when young chimpanzees first start attempting to
us¢ objects to fish for termites, a skill that is not completely mastered
unrtil the age of five or six years (Yut 1994). Apparently, this principle is
general in higher primates; Russon and Galdikas (1995) found that
orangutans concentrate their imitation on skills that are on the leading
edge of their capacities (Parker and Russon 1996).

As in the human skill of weaving (.(Ihi!ds and Greenfield 1980;
Greenfield 1984), close observation of tool use among chimpanzees is
a group phenomenon and continues beyond childhood, as is evi-
denced in the Jane Goodall Research Center archives at USC (Yut,
Greenfield, and Boehm 1995), Figure 9.5 depicts close observation of
ol use among chimpanzees and hamans, respectively, In figure 9.54,
a six-year-old juvenile female chimpanzee is using a tool to fish
for termites as two other chimpanzees ook on. In figare 9.58, a4 young
girl is learning to weave as her mother and younger brother stand near

to watch.

Other Mechanisms in Chimpanzee Learning and

Intergenerational Transmission

Chimpanzees use still other learning and transmission techuigues.
For example, the Gombe young fearn termiting by playful cxperimen-
tation with objects—specilically, by paying around with the kinds of
objects that will Later be used as termiting tools (Goodall 199%), Playing
with 1ooklike objects (branches, vines, twigs, stems, and sticks) begins
hefore one year ot age (Yo 1994) . Ta figure 0.6, a very young chin-
panzee is using a lwig, ‘u|)p;|l'vnl|)' to wermile” in her mother’s fur, This
playlul activity models the real activity of {ishing for wrmites.

A second exinple of plyfal experimentition at ol nse is partic

ukady creative, On videotape at the Jane Goodall Research Centier at
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FIGURE g.5. .

A: Two chimpanzees observe another chimpanzee, at far lefi of frame, probe to fish for
termites, Video frame courtesy of the Jane Goodall Research Center, University of Southern
California. B: Mother and brother observe Rosy 206 learning to weave, Nabenchauk,

Zinarantdn, Chiapas, Mexico, 1991, Photo courlesy of Lauren Creenfield.

T
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FiGure g.6.
A tiwo year-old female juvenile plays with a twig. She has been putting the twig in her
mouth, attempling to fish with i, and poking her mother’s back with it. In this frame, she
is dragging the twig acvoss her mother’s back. June Goodall vemarked that “it lnoks as if she
were fishing [for termitesf in her mother's fur” (personal communication, 1995). Video

frame courtesy of the Jane Goodall Research Center, University of Southern California.

USCG, there is footage of Fili’s infunt son as he plays with z small branch
with leaves attached, next (o a shallow stream. His juvenile sister, Flossi,
takes the branch from him and strips a few leaves off, as adulis do in
making termite probes. She then probes the water for a considerable
time, peering into the water as she does so. After repeated reviewing of
this footage, it was noted that there were water bugs moving around in
the bottom of the stream, whicl was perhaps six inches deep, That this
is indeed playful experimentation is emphasized by the Fact tiat “fish-
ing” for water bugs is never done by adults and has never heen other-
wise observed in infants or juveniles.

Playful experimentation is an important aspect of the develop-
ment of technological knowledge by young humans (Piaget 1952) . We
have observed it in the acquisition of weaving skill when very young

girls engage in play weaving on a toy toom {Greenfield 1999). Like
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play tevmiting, play weaving models the activity of real weaving.
Ol vourse, the play loom of humans is 4 much more complex tool than
i termiting ook used by chimpanzees. But this significant fact does not
diminish the important parallelism between the use of playful experi-
mcntation in cach case,

There is a fourth mechanism for acquiring ool knowledge that is
scen at Gombe: independent practice, which is related 1o opportunity
teaching (Caro and Hauser 1992). Independent praéticc may be stimu-
lated by carlier observation of models, as in Russon's (1996) observa-
tions of recurrent rehearsal in rehabilitant orangutans, Qur analysis of
the Gombe tapes indicates that independent practice occurs for ter-
mite fishing between the ages of two and six years, by which time an
approximation of adult competence is achieved (Yat 1994),

Similatly, we saw independent practice in videotaped data of
young Zinacantec Maya girls learning to weave (Greenfield 1984,
1999}, As among the chimpanzecs, it was concentrated at the more
advanced levels of learning. Again, the technology is much more com-
plex in the human case, but the apprenticeship process and its devel-
opmental function are similar.

Cross-species comparison indicates that the human evolutionary
legacy includes another important feature of culture: the use of both
external and internal representational tools to guide action and 10
teach. Recently, Savage-Rumbaugh and colleagues (1996) made a star-
tling discovery: in the forests of the Congo Republic (formerly Zaire),
bonobo chimpanzees (Fan paniscus) use specially prepared branches as
pointers to indicate which of two possible pathis have been taken. More
research on bonobos in the wild is needed to confirm these first obser-
vations and to indicate how widespread this practice is. But if these
carly observations are confirmed, we can note parallels between the
bonobo use of branches as pointers and the printed pattern books used
by modern-day Zinacantec Maya teenagers and women for embroidery
and weaving. In both cases, an external representation indicates a
motor path, though in the human case the path is much more complex
and is traveled with the hands rather than the feet (Greenfield 1999).

Note that these modes of representation arve all indexical or
iconic; they are not arbitrary symbols. An index is a representational

sign whose nterpretation depends on the surrounding context. For
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example, the act of pointing creates an indexical sign whose meaning
depends on what is being pointed to—that is, it depends on context,
An icon is a representalional sign that resembles its referent; an exams-
ple would be a photographic image of something, which of course
resembles that thing. A symbol is a sign that s arbitrary in the sense that
it does not physically resemble its referent. The words of human lan-
guage generally have this characteristic. Piaget (1962) found that in the
first two years of life, these three forms of representation developed in
the order index, symbol, and sign.

In the case of bonobo trail marking (Savage-Rumbaugh et al.
1996), the bonobo branches are in context; they are therefore indices
of a path. The branches can also be thought of as an image of a path
(iconic). The patterns used by the Zinacantee Maya for weaving and
embroidery also utilize the iconic mode of representation.

In his work at Gombe, Plooij (1978) provided important insights
into the developmental process by which communicative gestures, an
internal form of representation, are innovated and developed in chim-
panzees in the wild, He documented a developmental process of con-
ventionatization in which mother-child pairs turned interaction into
communicative gesture. In figure 9.7 we sce how the act of a mother in
raising her baby chimpanzee’s arm o groom him is subsequently trans-
formed into the baby’s raising his arms as an indexical signal 1o request
mother o groom him. Each act of conventionalization creates an inno-
vation in communication for that particakw pair of animals,

Boesch (1996) has provided additional evidence for the creation
of social conventions in chimpanzece communication in the wild, For
example, he noted instances in which the same action had a differens
communicative meaning in ditlerent groups of chimpanzees, And con-
veationalization has been a lonp-standing theme in Tomasello's {1989,
19940 longitudinal study of conmumication in a captive colony.

The genus Pan can also use conventionalized symbols to reach. 1n
a videotaped example, Rane, a bonobo who uses a texigriun board (o
connmumicate with people, attenpts to show a younger honobao,
Tamuli, how to slap, hug, and groom him (tkeo, Jones, amd Nijo 1994
Tomlinson and fones 1993), The researcher, Sue Savagre-Rumbaugh,
asks Tamuli, who has been taised only by his maother and does not

aderstingl English, (o skap Banz. Kansi then staps Tamudi, When
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FIGuRE g.4.
The conventionalization of a gesture, o Yequest for groowing, Lefl: A mother chimp raises
“her baby's arm in order to groom it, Right: Later in development, the young chimpanzee

raises is arm to request grooming. Reprodured with permission from Plooi 1978:118-19,

courtesy of Academic Press,

‘Tamutli still does not slap Kanzi, Kanzi takes Tamuli’s arm and attempts
* to get Tamuli to slap him. When Savage-Rumbaugh asks Tamuli to
- groom Kanzi, Kanzi takes Tamuli's arm and hand and shows Tamuli
how to groom him. This is a robust example of one chimpanzee’s using
a communicative gesture to teach another chimpanzee how to do
something. Visalberghi and Fragaszy (1996) independently analyzed
this scene in the same way.

Not only a bonobo but aiso a language-trained chimpanzee has
been observed to engage in deliberate teaching of symbolic communi-
cation (American Sign Language). For a number of years, Washoe and
the other signing chimps from the original Gardner study have been
collected in a group with no experimental intervention whatsoever, the
purpose being to see whether they would use sign language sponta-
neously in their own interactions. Not only did they use signs frequently
in communicating, but also what amounted to an imposed cultural

2fin
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tradition was transmitted 10 an infant introduced to the group. Some
of this transmission was hased on unassistéd observational learning, but
at times deliberate teaching was involved. Fouts, Hirsch, and Fouts
(1982) reported a number of occasions in which the chimpanzee
Washoe deliberately tried to teach new signs to her adopted infant,
Loulis, through a combination of molding—placing the subject’s
hands in the correct position——and demonstration (Goodall 1986). In
the following example, note how Loulis's observational behavior com-
plements Washoe’s deliberate teaching: “Washoe was observed to sign
food vépeatedly in an excited fashion when a human was bringing her
some food. Loulis was sitting next to her watching. Washoe stopped
signing and took Loulis’s hand in hers and molded it into the food sign
configuration and touched it to his mouth several times” {(Fouts,
Iirsch, and Fouts 1982:183). ‘

Another example features scaffolded demonstration in which
Washoe gradually withdraws the supportive scaffold, just as human
mothers do (e.g., Childs and Greenficld 1980): “When Loulis was first
introduced to Washoe, Washoe would sign come to Loulis and then phys-
ically retrieve him. Three days later, she would sign come and approach
liim but not retrieve him, and finally, 5 days later she would sign come
while looking and orienting towards him without approaching him”
(Fouts, Hirsch, and Fouts 1982:183-84). “It is as though because
Washoe herself was taught, so she is able to teach” (Goodall 1986: 25).

These examples from Pan troglodytes and Pan paniscus, because they
occurred spontaneously and without coaching, show a preadaptive
potential for active teaching. Goodail makes the important paint that
what may have actualized this preadaptive potential was the animals’
experience of hav-ing been themselves taught. In other words, environ-
mental stimutation (and functionality) is crucial for transforming a
Preadaptation into an adaptation. Although a humanly devised lan-
Buage environment is not the "natural” one for chimpanzees, their
reaction to it, inc!uding the spontaneous teaching of sigrns, may consti-
tute a maodel of the way in which the preadaptation for language was
ransformed into language itself under particular envirommental con-
ditions in the course of human cvolution,

Note that one aspect of this hehavioral adaptation is the possibifity
of a delayed effect: Washoe was tanght signs many years before she
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taught them o Loulis. Because Washoe's human caregivers had
malded her hands to teach her signs many years earlier, her molding of
Loulis™ hand might even be considered delayed imitation. Indeed,
many years had gone by without Washoe's being taught any new signs.
This kind of delay might characterize the human mechanism for social-
ization and culture transmission: one teaches the next generation
many years after being tanght a skill or piece of knowledge oneself,
Becanse being taught sign banguage is not normally a part of the chim-
panzee environment, the effects of this experience on later teaching
suggest a developmental relationship between how one is taught as a
child and how one teaches one's children. This may be a key to cultural
transmission among humans,

We huve seen that chimpanzees in the wild manifest seven of the
most basic mechanisms used by humans for the intergenerational
transmission and innovation of cultural wols: (1) scaffolding, (2) play-
ful experimentation with objects, (3) observational learning and imita-
tion, (4) independent practice, () conventionalization, (6) the use of
internal (gestural) and external representations to teach and to guide
action, and (7) collaborative learning. Some may become more devel-
oped under the influence of human enculturation. Indeed, use of ges-
tures to teach symbol meanings may be an example of such
development. We must not, however, underestimate the mechanisins of
naturally occurring chimpanzee enculturation. The presence of these
mechanisms in both chimpanzees and humans opens up the possibility
that these acculturative processes began their evolution in our com-
mon ancestor at least five million years ago.

Implications of Cross-Species Contrasts for the Evolution of

Human Pedagogy in the Last Five Million Years.

There is one pedagogical complex used by humans but never
observed in chimpanzees; it is the use of arbitrary symbelic means 1o
teach a technological skill. This is a strong candidate for the evolution
of learning and teaching modalities after humans split from chim-
pauzees [ive million years ago. As an example, the arbitrary symbaolic
means of language is very important in Zinacantec weaving apprentices-
ship (Childs and Greenficld 1980). Teachers (usually a learner’s
mather) use language o (el the learner what 10 do, but not to explain
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the process. They scaffold their language according to the learner's
level of experience. For example, directives are most Irequent at the.
earliest stages of learning, whcrcas'descriplivc statements become
more frequent with more experienced learners, Language is combined
with other modes of teaching, such as demonstrations. The sophisti-
cated use of language, especially commands combined with gestures, in
weaving apprenticeship is a skill apes have not evolved.

It may be that linguistic teaching is required by more complex
human tool systems such as weaving. Linguistic teaching is clearly
unnecessary for simpler tool systems, such as those used to fish for ter-
mites or crack nuts. An important hypothesis arises: that technology
and teaching {(apprenticeship) have co-evolved.

Cross-Cultural Variability and Change in Communicating,

Teaching, and Learning among Chimpanzees

There is cross-cultural variability in the symbolic communication
of wild chimpanzees. The chimpanzees in Mahale have a different set
of communicative gestres from those of the chimpanzees in neighbor-
ing Gombe (Wrangham 1995h)—two distinctive nonverbal “dialects”
{Goodall F986:143-45). McGrew (1992) also Found culiwral variation in
the extended arm grasp of chimpanzees,

As we have seen, the different chimpanzee groups do not use
methods of intergenerational socialization and learning cqually. Just as
there is variability in the wols that are used by geographically sep-
arated groups in a single species (Pan troglodytes), there is also inter-
group variability in the learning-teaching mechanisins by which ool
knowledge is transmitted and re-created in cach new generation,

Cularral variability carries within it the seeds of cultural change,
Clearly, as members of Pan troglodytes spread 1o dilferent ceological
niches in historical and evolutionary time, different coltural waditions
of tols and conmmunication developed (Whitten ecal, F998Y . The emi-
grant chimps must have nudergone historical clange in cultural tradi-
tions (Matsuzawa and Yamakoshi 1996).

Conventionalizition, too, curries within it the seeds of enbiurd
change, When a motherchild pair conventiomalizes a new siginal 1o use
between then (Plooij 1078}, cuttirad innovation on the personal l-(-\'vl

has tken Pphce. Fhe sigad is vipe 10 be shared with and tomsmiteed to
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others. And the lewming techmigues of playful experimentation ang
independent practice contain within them the potential that individual
ar dlyadic learning can ereate novetty, thus creating the possibility of
cultmral change ona broadey gronp level.

Equally importit are observational learning from models and
symbolic communication, Fhese are mechanisms for the conscrvative
transmission of cultural knowledge from generalion to generation or
for the spread of vadition from one group to another (McGrew 1999).
In the Bassa Ishnds, Hannah and McGrew (1987) noted the spread of
tool use upon the arvival of an adult female chimpanzee who used
stones to crack nuts. Where there hacl previously been no tool use in
the host communmity of chimpanzees

¥y

9 of the 13 chimpanzees began to
use stones to crack nuts after obscerving the behavior of the introduced
chimpanzee,

Matsuzawa and Yamakoshi (1996; Yamakoshi and Matsuzawa
1993) have modeled this type of caltural chzmge experimcnta]ly by
immducing cottla nuts into the chimpanzee colony at Bossou, Guinea,
in West Alrica. An adult female, Yo, most likely a migrant from a cotony
in which stone tools were used to erack coula nuts, immediately began
to use tools to crack and eat the nuts. “When Yo cracked the coula nuts,
a group of juveniles gathered around and peered at her while she was
cracking and eating the strange nuts. The next day, an unrelated 6 '/-
year-old male named Vui cracked open a coula nut without any prac-
tice. Four days later, a six-year-old female named Pili did the same. The
two juvenile chimpanzees cracked the nuts and sniffed the kernel and
chewed and spat it out” (Matsuzawa 1994:364). Although these were
the only two juveniles to crack nuts, the utilization of observation and
imitation to spread novel behavior is clear. An important point is that
the innovative tool use model was copied only by juveniles. Among
humans, learning from innovative models is also cancentrated in the
“Juvenile” period (Greenficld 1999). '

Tomasedlo (1989) observed an example of cultural innovation in
communication in a captive colony. This occurred when newly intro-
duced wood chips became the basis for a communicative gesture; all of
the chimpanzees in the study group hegan to throw the wood chips at
each other in order to initiate play.

Because of the variety of learning mechanisms present in at least a
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crucke form in modern chimpanzee ]ife; the evoiutionary foundation
for both cultural continuity and cultural change in human groups
could have been present in our common ancestor five million years
ago, ready 1o be elaborated in the ensuing millions of years.

One striking change that probably took place in the last five mil-
lion years is in the cumulative quality of human cultures. Unlike chim-
panzee cultures, they cannot be reinvented in the space of a single
generation by inter- and intragenerational interaction. Boyd and
Richerson (1996) point out that whereas the basic mechanisms of cul-
tural learning are present in nonhuman primates, cultural accumula-
tioar is hard to get started because it does not have adaptive advantages
until it is quite widespread; at that point, it is easy to keep going. In
essence, according to Boyd and Richerson (1996), cumulation is a
quantitative, not a qualitative, difference between humans
apes. The implication is that the

and great
commeon ancestor of Homo and Pan
had the basic psychological mechanisms for cultural transmission. We
hypothesize that these mechanisms were then strongly selected for in
the hominid line after its divergence from the great apes. This selective

Process would then have resulted in cultural accumulation.

Contrasting Implications of Behavioral Frequency

in Psychology and Evolution _

Sometimes the argument is made that chimpanzee behaviors for
transmitting cultural knowledge are irrelevant (0 human culturer
because they are relatively infrequent in comparison with such behay-
1015 in humans (lomasello 1994). Frequency is very important in the
discipline of psychology, which puts great weight on mean and modal
frequencies of behaviors; correlatively, psychology minimizes the signil-
icance of infrequent behaviors.

The reverse, however, is true for evolutionary research and evoly-
lionary theory. In evolution, infrequent phenomena often hold the
keys (o an evolutionary process. This is so becanse natural selection
Operates to make adaptive but infrequent characters (including behay-
ioral lraits) more frequent in the course of‘ph)'lng(*tl(‘li("dcvvlup:mw1t.
C""stquently, when we sce behavioral traits in common between sib-
H"g Species, but frequent in one spectes andd ini'u-qm‘nt in the ather,

the mogg parsitnonious explanation is that the behavior was present



PONL G e i o, AL B MasNarD, €. Boens, E. Y. ScuMiprNG
but infrequens, Toagile, and primitive in the conmmon ancestor of the
wo species; ioproved adaptive in one phylogenciic line when i
appearedsand it was therelore selected Jor and hecime more conmmon,
more elaborted. imd more tobust in the course of that line's evolution,
Iy sun, even rne datic e uselul in identifying preadaptive potential,

i comparntive tescarch, therefore, i is important (o ackiowledge
infrequent phenomena for theiy potential evolutionary significance
For example, there is potential evolutionary signiticance in the minor
ity ol conventionalized gestures that spread to the chimpanzee group
as awhole (Tomaselo 1989y,

W modern-day chimpanzees share with humans the basies of tools
and he hastes of intergencrational transimission of tool knowledge,
then itis more than likely that the ancestor that preceded the phyloge
netic split between hominiels and chimpanzeces also knew how to use

tools and how to induct the young into this knowledge. In this peda
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Zinacantee hamler. A that time, a suI')sislcncc lifestyle based on corn
and beans was alinost universal in the community, although corn was
itlso sold as a cash crop. One focus of our research was on the appren-
ticeship processes involved in the important cultural technotogy of”
weiving, the most complex skill in the culture and one that is acquired
by virtually all Zinacantec girls. In 1991 we retired to a community
that had expanded its cconomic basis 1o commerce and in which cash
had taken on a much greater importance. We repeated our study of
weaving apprenticeship with the next generation of girls (Greenfield
1999; Greenficld, Maynard, and Childs 1997).

Our major theoretical proposition was that not only do cultures
change over historical timme, but the importance of particular processes
of cultural learning and cultural wansmission also changes. More
specilically, a somewhat different set of teaching and learning processes
may be emphasized when cultures are in a more stable state compared

gogical knowledge lies the evolitionary foundations not oty of human with when they are in a more dynamic state. Corrvelatively, particular

cnlture and human cultural tansmission but also of human cuitural

change.

CULTURAL CHANGE AND TOOL APPRENTICESHIP
IN HUMANS

Given the evolution of this wide range of apprenticeship mecha
nisims, the possibility arises that different mechanisms would be usefu
tinder different ecocultural conditions. A change in the importance of
various apprenticeship processes conld therefore be a key to successful
adaptation to ecocultural change, This hypothesis was tested through
long-term study of weaﬁng apprenticeship conducted by Greenficld

processes of apprenticeship should be highlighted in connection with
the dominant ceocultural system of a particular time and place,
Insofar as the pl'()céss ol socialization prepares the next generition
10 participate in society, it should change when the conditions faced hy
that next generation differ from the environment in which their par-
€S grew up. Socialization is intrinsically future oriented—iy prepares
children for an adulthood that sill lies in the future. A key question,
il{)wevcr, is this: Under
freate the
Washoe

conditions of change, do parents merely re-
apprenticeship process they underwent as childyven (as
did), or is there a capacity to develop new methods and

Processes as societal conditions—in this case, cconomie conditions—

and Childs in the Maya community of Zinacantin, We explored the Change? Pérusse and coworkers (1994:334) hypothesized that evolu-

relations between sociohistorical transformations and apprenticeship
processes in a direct way: by following a group of familics over two gen
erations, studying their processes of weaving apprenticeship before
after processes of important ccological change.

The study site of Zinacantn is a community in which the basis of
the cconomy is in transition, Irom agricultural subsistence 1o commer
cial entrepreneurship and cash. In 1969 and 1970, Greentield and

Childs  (1977; Chitds and Greentield 1980) conducted studiet €S5enee

of cultare, Iv;irning, and cognitive development in Nabenchauk, : g is made, In 1969

2 (36

and What is most adaptive for your children.” Is this (he ense

Uon has selected for the {unconscious) rule of parental teaching
(Which has its roats in childhood teaching {Maynard 19941 “Teach

in sittations of

Socioculinrat change?

Weaving was the foens for stiddying processes of informal eduen.
tion, teaching, and learing in a society in which education does not
“"ddilimm]ly take place in school. Weaving, considered 1o be (he
of Zinacantee wormanhood is the means by which mast ¢l

and 1970, woven aritacts, like other paits of the
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cudtiae, were stable and ane h;mging, lnited by vadition. Woven [rat-
o were limited to nwo redand-whine striped conligurations, one
malticolar stripe, and ange grin-andawhite basketwenve pattenn,

O the hasis o our research o 1969 and 1970 (Childs and
Greenfield 1980 Greenlickd 1984 Greealicld, Brazelton, and Childs
80 Greenticld and Childs 1977, 1991

implickt goal of Zinacantee education and socialization was the inter

we concluded that the

penerationad repliction ol tadition: learning to weave meant learning
(o weave about lour specific patterns. According (o our findings, the
particular way in which weaving was taught fostered this goal, The
feirning process was a relatively error-free one in which the teacher,
usually the motleer, sensitively provided help, a model for observation,
and verbal direction in accord with the developmental tevel of the
learner. The mother as a teacher provided a scaffold of help that
lowed the learmer 1o complete a weaving she could not have done by
hersell, There were no failures: every girl learned 1o weave. Because the
process was highly stuciaied by the older generation and allowed no
room tor learner experimentation and discovery, the method of infor-
mial education {or apprentceship) was well adapted for the continma
tion of tradition, the statns quo. Such respect for tradition, as
embodied in the older gencration, is an effective adaptation to agricul
tural techniques and eeotogy, a system in which land is controlled by
the okder generation (Collier 1940},

Our follow-up study two decades later (Greenfield 1999,
Greenfield, Maynard, and Childs 1997} was based on the fact that by
the 1990s, the ecocultural covironment had changed. Men who for-
merly farmed were now in the transport business. They had become
commercial entrepreneurs, running a van service back and forth to the
former colonial city of San Cristébal de las Casas. Other men were
involved in trucking, and many either drove or owned their own trucks
for transport businesses and commerce; the buying and selling of agri
cultwral products.

In accord with our theory, a coordinated change had taken place
in the apprenticeship process. The emphasis in weaving apprenticeship
had shifted in many families (specitically, those families most involved
in commerce) from scaffolding toward independent practice. A second

shift was from teachers in the maternal generation to teenage teachers.
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FIGuRe g.8.

Mather and daughter (Katal 1) work at the loom together. Four hands on vne loom are
often a part of Zinarantec weaving apprenticeship. Nabenchauk, Zinacantdn, Chiapas,
Mexico, 1970 Video by Patricia Cireenfield.

As with chimpanzees (Matsuzawa and Yamakoshi 1996}, innovation was
concentrated in the younger generation, Compare a video frame of a
girl learning to weave in 1970 (fig. 9.8) with avideo frame of her daugh-
ter iearning to weave at the same age (nine years old) in 1991 (fig. 9.9),
In 1970, weaving instructors stayed close to their pupils, often resulting
in four hands on a loom, with the teacher and the pupil working to
keep the weaving going together (fig. 9.8). In the 1990s, the Tearner
was often weaving' more imlepcndcmly; weaving teachers were often
away from their pupils and had (o be called over for help (fig. 9.9)
(Grcenﬁe[(l, Maynard, and Childs 1997). Collaboraiive activity still
took place in the apprenticeship process, but, in comparison with :1.
Beneration earlier, it was initiated more by the learner ¢ ad less by the
teacher., In figure 9.8, the learner is being tinght by her mother, Iy fig-
Ure 9.9, the mother is nol teaching her own duaughiter but hag assigneq
A teenage sibling to serve as teacher, Both hdependent practice and
fenage teachers are better adapted 1o discovery learning el immova-

on, a value implicit in commercial cntreprencurship.
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Ficure g.9.
A teenage vistey stands newr a gird thaxa 1 200) wha §s learning fo weerve, but she daoes not
offer avistance untid she s vummoned. Phew eily are the derughters of Katal 1, the learner

i figures 9.2 and Y8 Nubenchauk, Zinacantin, Chiagrs, Mexico, 1991, Video by

Patricie Creenfield.

Indeed, innovition was rampant in weaving and embroider
in 1991, Unlike the 1970 weavers (Childs and Greenfield 1084
Greenfield and Childs 1977}, weavers of the 1990s were chngaging in a
constant process of pattern creation. No two picces of clothing or
other woven ftems were exactly alike. We saw both new motifs and new
recombinations of old motifs. Both geometric designs and f{igurative
representations had entered the scene. There had been no figurative
representations in Zinacantin two decades earlier, Figure 9.10a depicts
two brothers dressed alimost tdentically in 1970, Examples of the varien
of woven and embroidered patterns created in 199§ are depicted in
figure 9.108-0. As in chimpanzee culture (Matsuzawa and Yamakoshi
1996), innovation was concentrated in the younger generation
{(Greenfield 1999).

Here, then, as hypothesized, was a correfated historical change in

AL L L R LY L LRSI & UL UHAL GHANGE

FIGuRe g.y0.

. . . A Ting Zinacantec brothers drevsed almpst fdentically, 1970, Photo conrtesy of Sheldon
ecocultural environment (from agriculture to commerce) and techr - -

niques of apprenticeship (from emphasis on scaffolding 1o emphasis
on independent practice). Changes in the material culture of woven
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('""f'”ﬁ!'lr!. B fabove), C, D (next Praagey: Vioee men s panchos refrvsenting the variety and

ir S L. T
Mention found in Zinacantec textiles in 1991 Photos courtesy of Lawren Lneenfreld,



FIGURE g.10 {CONT.).

G, D: Close ups of men's ponchos from Zinacantin, 1991, Photos rourtesy of Lauren
Greenfield.
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artifacts to an innovative mode entailed change in the method by which

ht and learned. The. mode of cultural le
(‘lmnge(l from ane ad;lpterl 1o m

traditional artifacts to one

Wt‘il\’lllg was taug arnil!g

aintaining an unchanging stock of

adapted to crealing caltural innovation and
novelty. Thus, change in emph

asis in cultural apprenticeship was inter-
related with both ge

neral ecocnbtural change and further change in
textile design,

Each mode of caltural learning contributes 1o mailaining a dis-
tinctive cultural environment. Hence, we find that certain methods of
apprenticeship—such as closely guided participation by the older gen-
eration—are more culturally conservative. They tend to transmit the
cultural status quo. In contrast, other methods—notably independent
practice and teenage teachers—tend to lead to more rapid and radical
cultural transformation,

As Pérusse and colleagues (1994) had hypothesized, Zinacantec
mothers taught in a way that would maximize their children’s fitness
under current conditions. They did not simply repeat the way they had
been taught weaving as children. Because the historical change was
uneven (some families were still involved in agriculture and not com-
merce, some were involved in both, and some were involved in com-
merce alone), the change' in apprenticeship was also uneven, One
would expect that as the economic change hecame more complete, the
techniques of apprenticeship would become more uniform again, as
they had been in 1970, ]

Thus, Zinacantec weaving apprenticeship serves as an example of
how cultural transitions may often begin as adaptive alternatives within
a given group, If so, this would nirror phylogenetic evolution, in which
“phenotypic transitions often begin as adaptive alternatives within
species” (West-Eberhard 1988). V;ii'inhility may be as important in
Processes of cultural change as it is in hiolog

ical evolution. Insofar as

there is a genetic basis for the more adaptive variants, they can he

selected for over a long period of time. In this way cultural change has

the potential to become biological in naiure (Baldwin 1902).

~1
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CONCLUSION

Cultures provide models for the growth and survival of their mem-
bers that are tansmiced fron one member to another. There are
iy aspects of culiaead transmission that are shared between Fomo
sapiens and Pan. These include scaffolding, observational learning and
imitation, experimentation with objects, independent practice, the nuse
of both internal and external symbolic comnunication, and collabora-
tive learning. In both species (albeit not with equal frequency), these
technigues have been icorporated into deliberate teaching.

In terms of the evolution of cultural transmission, perhaps most
impressive is the finding that a chimpanzee mother will spontaneously
teach her cl}ild what she was taught and the way she was taught (by
huinans) during her own childhood. Although our example comes
from a special captive situation, we emphasize that the potential of Pan
is almost as imporant, in terms of preadaptations for becoming
human, as what Pan actually does in the wild. While we can never know
the special environmental circuimstances that led humans to develop as
they did, we can at least identify types of behavior in the wild and in
caplivity that enable us to speak about likely preadaptations.

In most instances, we have information on humans and on Pan
troglodytes; in one instance (the use of external symbolic tools), we have
information on humans and Pan paniscus. In only one instance
(instruction about symbolic communication) do we have information
for ali three species. The evolutionary implications would be much
clearer if all aspects of cultural transmission had been explored
among ail three sibling species. Cladistic methodology posits that
when all sibling species share » trait, that trait is highly likely to have
been possessed by the ancestor of those sibling species. When wrairs
have been investigated in only two of three sibling species, as is often
the case with mechanistus for cultural apprenticeship, the evidence is
weaker. Nonetheless, our positive crossspecics findings of shared fea-
urres ot cultural apprenticeship indicate that these features are strong

candidates to be part of Home sapiens’ evolutionary heritage, going
back five million years to the common ancestor of Homo and Pan. The
more research that can be done in which the same behavioral {eatures

al-c' )-'; 1 . P e . ;
nvestigated in all three species, Home sapiens, Pan troplodytes, and
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Pan paniscus, the surer the phylogenectic basis for these traits will
become. - '

Unique in human eultural transmission is technical instruction by
means of arbitrary symbols, such as language. But note that this unique
feawre results from a combining of elements that are shared with Pan:
we have seen that technical instruction oceurs in stone ool apprentice-
ship in the jungle of Ivory Coast (Boesch 1991, 1993} and that instruc-
tion incorporating arbitrary symibols occurs spontancously in captive
chimpanzees exposed 10 a human language environment (Fouts,
Hirsch, and Fouts 1482; lkeo, Jones, and Niio 1993; Tomlinson and

Jones 1993).

In addition, of course, human technologies are much more com-
plex than chimpanzee technologics, and the complexity of teaching
must increase prupm'liuuulc!y. Indeed, in industrial societies, human
tool apprenticeship now requires a specialized institution, the school.
Hence, the last five million years of human evolution have involved,
among other things, the coordination of symbotic communication with
collaborative learning and the claboration of apprenticeship tech-
niques to induct the young into a high level of technological complex-
ity. After examining the evidence, however, we come 1o the unexpected
conclusion that the last five million years of evolution of human ool
apprenticeship seem not (o have produced major differences in kind.
Instead, they have involved 1he ehsboration and combination of learn-
ing mechanisms that may go back at least as fr as the sphit of Panand
Homo tive million years ago,

We believe there is a co-evolutionary process in the development
of Lcclum!ngy. lclit‘llillg, and cognition, As the compiexity of technolo-
gies increases, the complexity of apprenticeship to use those technolo-
gies must also increase. The evolution of apprenticeship processes
must also be coordinated with ontogeny and its evolution, That is,
there must also be coordination hetween the skill development ol the
fearner and the nature of the apprenticeship process across species,
Current work on the development of teaching i young childven indi-
cates that children as young as six years are able to provide stage-
seusitive instruction that is adapied wahe developmenid capaciics

of their pupils (Mayiard 1999y, Fhis vesearch also shows tha
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Apprenticeship itself has g ontogeny (Maynard 1999)—thad is, skills
in cultiral leaching develop with age.

Processes of dpprenticeship provide mechanisms for both the re-
creation and the transformation of culiyre from one generation to the
next. Given a pool of apprenticeship techniques, changes in emphasis
on particular processes of learning and teaching provide ways of both
responding 1o and crealing cultural change or cultural continuity,
While both haman and chimpanzee culiures show constancy and
('hangc over time as a resuly of these apprcnliceship modes, evidence
for culiural accumutation i tound only in the human species. Perhaps
the combination of complex technology and symbalic instruction is
responsible for the cumulatjve quality of human culwre.

Human cultural change holds an iniplication for the evolution of
ontogenies: it is not aduly Stages that evolve but rather ontogenies that
must evolve in response 1o new tool systems or changitng ecocidiural
conditions. Even across species, it must be ontogenies that evolve (Gould
1977, McKinney, this volume) and Bel transmitted genetically in
rc.spuuse to new ecological niches. Giver the absence of a fossil record
of behavior and its development, the comparative study of human and
nonhuman development and socialization is Prerequisite to recon-
structing the evolution of human behavioral development, including
sequences and rates of development (Parker, this volume). A key con-
tribution of the present chapter is that behavioral deveélopment must
include the development of teaching processes as well és the develop-
ment of learning processes,

Studying chimpanzees and humans in the transmission of togl 8ys-
tems furthers our understanding of the biological and historical basis
of culture, cultural transmission, and cultural change. We gain knowl-
edge of which features of teaching and learning were most likely pres-
ent in the common ancestor we sharve with Pan; we understand how we
humans are both similar 1o and different from our closest primate rela-
tives; and we gain insight into how cultures themselves are transmitted

and transformed from one generation to the next, When we examine
cultural apprenticeship across species, factors essential for cultural
transmission and for cultural change become more evident, ultimately
deepening our understanding of both,
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