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Development of Manipulations with Objects 
in Ape and Human Infants 

Object manipulations were studied in infants (8-1 l months of age) of three 
primate species: human; common chimpanzee (Pan troglodytes); and bonobo 
or pygmy chimpanzee (Pan paniscus). Observations of free play were 
videotaped and the complexity of manipulations (based on Piagetian 
theory) and functional usage of modes (both hands and feet) was described. 
Results indicated that the chimpanzee mouthed (without grasping) more 
frequently than both the bonobo and human infants. For all infants, half of 
the object-oriented behaviors consisted of active manipulations of a single 
object. However, for the apes, most of these manipulations consisted of 
simple holding and/or moving the objects against a substrate. In contrast, 
the human infant more frequently extracted an object from the background 
and, furthermore, moved the object or explored its unique characteristics. 
Additionally, the human infant exhibited a richness and differentation in 
the use of modes that was not observed in ape infants. These results are 
discussed within an evolutionary perspective. 

1. Introduction 

The impor tance  of  object  man ipu la t i on  for the deve lopment  of h u m a n  intell igence has 
been recognized by  many  psychologists  (e.g., Gesell,  1940), and has been theorized in the 
pioneer ing work of  Piaget  (1953, 1954). The  Piaget ian  approach  provides three kinds of 
behaviora l  pa t t e rns  to descr ibe  the ontogenet ic  deve lopment  of h u m a n  infants '  in teract ions  
with inan imate  objects.  These  pa t te rns  are called "c i rcular  react ions"  because they imply 
repet i t ions of  act ions (a) re la ted to the body ( "p r imary  circular  react ion") ,  (b) on objects 
( "secondary  c i rcular  reac t ion") ,  and (c) between objects themselves (" te r t ia ry  circular  
react ion") .  Dur ing  the first 18 months  oflifk, the tbrm of object  manipu la t ions  progresses 
from p r imary  to te r t ia ry  circular  reactions.  This  deve lopmenta l  change has found 
exper imenta l  conf i rmat ion  in many  studies of  h u m a n  infants (e.g., Fenson et al., 1976; 
Knopp ,  1976; Bates, 1979; Belsky & Most ,  1981 ). These  studies show that  t)y nine months  
of age, object  p lay  is becoming  increasingly complex,  changing from simple,  undifferen- 
t ia ted man ipu la t ions  to explorat ions  of the unique proper t ies  of objects and,  later,  
culminates  in combina to r ia l  and  symbol ic  play.  

Several  studies have used the Piaget ian cur r icu lum to test object  pe rmanence  in apes 
(see  Vaucla i r ,  1982, for a review). The  deve lopmenta l  sequence tha t  culminates  in object  
pe rmanence  is followed by both h u m a n  and non-human  pr imates .  Fur the rmore ,  
non -human  infants a t ta in  object  pe rmanence  at  an earl ier  age than h u m a n  infants. 
However ,  with regard  to the deve lopment  of object  man ipu la t ion  ( ter t iary c i rcular  react ion 
and construct ive play) ,  both  compara t ive  and deve lopmenta l  studies have found that  ape 
infants did  not show the kind of complex  man ipu l a to ry  behaviors  demons t ra t ed  by humans  
(Kellogg & Kellogg,  1933; Redshaw,  1978; Ant inucci ,  1981). 

~" Present address, to which requests for reprints may be sent, is: Centre 
National de la Recherche Scientifique, Institut de Neurophysiologic et 
Psychophysiologie, D~partment de Psychologie animale, INP 9, 31, chemin 
Joseph-Aiguier, 13402 Marseille cedex 9, France. 

Journal of Human Evolution (1983) 12, 631-645 

0047 2484/83/070631 + 15 $03.00/0 �9 1983 Academic Press Inc. (London) Limited 



632 j ,  V A U C L A I R  A N D  K. A.  B A R D  

Most comparative studies of cognition in primates are based either on formal testing, 
such as the use of standardized tests (Uzgiris & Hunt, 1975), or on/observations of 
behaviors with non-standard objects (see, for example, Chevalier-Skolnikoff, 1977). To 
date, there have not been any strictly comparative studies which use the same set of objects 
in an informal, or fi'ee play, situation. Therefore, there is a need for the present study, 
which investigates cognition in three primate species provided with the same set of objects 
in a free-play situation. 

The goal of this study was twofold. First, we wanted to describe the type and, especially, 
the complexity of object manipulations that occur in infants, from 7-11 months of age, of 
three different primate species, human, chimpanzee and bonobo. An evolutionary 
perspective suggested a second comparative question; specifically, whether human and 
nonhuman primates use their hands in functionally similar or different ways. 

One theory of the evolution of hominids (Marshack, 1982) suggested lhat more 
complex uses of intelligence emerged either in concert with, or as a result of, hominids 
using their hands more frequently and in more integrated and differentiated ways. 
Therefore, we were interested in characterizing the activity of each hand. The periods of 
time in which both hands were active were distinguished from the stream of behavior in 
order to investigate bimanually asymmetric and co-ordinated functions. 

2. Methods  

Subjecls 
Three different primate species were used: human; common chimpanzee (Pan troglodytes); 
and bonobo (Pan paniscus). All subjects were seven lunar months of age at the beginning of 
the study and 12 lunar months of age at the end of the study (standardized lunar month = 
28 days). This age range encompasses the developmental period in humans, when 
attention to objects is high and there is a transition between simple and complex 
manipulatory behaviors. The human infant was female; the ape infants were male. Female 
humans of this age have been shown to be less vigorous than males in their manipulations 
of objects (Knopp, 1976). Thus, if everything else were equal, the selection of a female 
human would give manipulatory advantage to the male ape infants. 

Setting 
The human (Aleah) and one chimpanzee infant (Chesley) were observed in one room of 
their living quarters in the presence of their natural mothers. The other chimpanzee infant 
(Joseph), raised in the nursery of the Yerkes Regional Primate Research Center, was 
observed in the playroom of the nursery in the presence of an adult human (female 
caretaker). The bonobo infant (Kanzi) was observed in one section of the living quarters, 
with an adult female bonobo and a female human caretaker. Although the adult bonobo 
was not the infant's natural mother, this pair had been together since the infant was two 
days old, and the female probably behaved toward the infant as she behaved toward her 
own offspring. 

All infants were familiar with their surroundings prior to the beginning of the study. The 
environments in which the infants were raised can be ranked with regard to the richness 
and complexity of stimuli present on a daily basis. Ranking the settings from most to least 
complex results in the following order: human home; indoor/outdoor enclosures of the 
bonobo; nursery; indoor/outdoor enclosure of the infant chimpanzee and mother pair. 



COMPARATIVE OBJECT MANIPULATION 633 

Apparatus 
Subjects were provided with identical sets of objects (see Figure 1). This set of objects was 
unique for all subjects, i.e., they encountered these objects only in this study. The human, 
however, did have previous contact with functionally similar objects, e.g., cups, but cups 
were contacted on a daily basis by all the apes as well. This set of objects was constantly 
available to all subjects. For the human, the objects were placed in a corner of a room. 
Reports from the mother indicate that Aleah contacted the objects almost exclusively 
during the observation sessions. 

Pretesting with two subadult males demonstrated that the objects were "chimp-proof", 
i.e., virtually indestructible. These objects wcrc chosen, or designed, to provide the 
opportunity for multiple single and combinatory uses. The circular, plastic dolly had 
wheels, which allowed it to be used to transport objects, and small holes in the plastic that 
permitted the insertion of the two metal sticks. The sticks, differing in length and shape 
(straight or bent), provided the opportunity for instrumental use, e.g., use of the stick as a 
rake with which to obtain out-of-reach objects. 

The metal plate and cup allowed the subjects to demonstrate conventional usage, e.g., 
drinking from the cup or symbolic play (pretend eating from the plate). Complex 
object-object relations could be expressed with the use of nesting cubes; for example, 
inserting a small cube into the next larger size cube, and so forth. 

Observations were videotaped with a Hitachi camera and recorded on a Sony Betamax 
color system. The videotapes were duplicated and running time (minutes, seconds, and 
tenths of a second) was superimposed in the center of the top portion of the image. 

Procedure 
Each subject was videotaped for 15 minutes. A maximum of 10 minutes was allowed for the 
subject to "warm up" (especially necessary for the nursery infant); however, filming began 
as soon as the subject appeared oriented to the objects. It was believed that 15 minutes 
represented the maximum amount of time the subjects would remain focused on the objects 
at one sitting. 

The human adult (mother or caretaker) was not instructed to act in a specific way. She 
was asked to behave as she usually did in the presence of the infant and the toys. 

The initial goal was to videotape one session every two or three weeks for each subject 
from 7-12 months of age. However, this goal was not attained for all subjects and, 
therefore, only the four sessions that were taped once per month for each subject, from the 
age of 8-11 lunar months, are considered. 

Each videotape was viewed and two coding systems were applied. The type and 
complexity of object manipulation were coded with the first system. Piagetian theory 
provided a model for classifying complexity. Our  system, similar to those used for other 
human studies (e.g., Belsky & Most, 1981; Rubenstein & Howcs, 1976), was designed to 
capture a range of behaviors from simple visual orientation toward objects, secondary 
circular reactions and their coordination, to conventional (e.g., cultural) uses of objects. 
'~Culture" is defined here as the contingent environment experienced by the subjects. The 
complexity codes arc listed and defined in Table 1. 

The complexity codes were hierarchically organized according to the patterning of 
behaviors within each level of circular reaction. We assigned visual behavior directed 
toward objects as the least complex and active manipulation with the hands or feet as the 
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Table 1 

Level Behavior Description 
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Description of behavioral complexity levels 
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? Unknown 

1 Look 

2 Sniff 

3 Mouth 

4 Passive 
Manipulation 

5 Active 
Manipulation 

6 Simple 
Relation 

7 Complex 
Relation 

8 Instrumental- 
ization 

9 Construction 

10 Conventional 
Use 

Either the object-directed behavior is not visible or a 
judgement about its complexity level cannot be made 

Watching an object that is in motion, with no physical contact 
(example: visually [bllowing movement of a rolling stick) 

Placement of the nose ac/iacent to or touching an obiect , 
with no other physical contact 

Contact with lips, teeth or tongue on an ot~jcct, voilhout 
grasping 

Placement of part of the body against an ot)ject, without 
grasping or causing the object to move (examples: leaning an 
elbow against a large cube; stepping on a plate) 

Activity by the hands or feet directed toward an ol2iect and/or 
movement of the ot~ject as a result of contact with the hands or 
feet (examples: tapping; slapping; grasping; pushing; pulling; 
waving an ol~ject in the air) 

Placement of one object in global relation to another ot4iect 
(examples: holding a small stick while banging it against the 
outside of a large cube; dropping a cup) 

Placement of one ot~ject in specific relation to another object 
(examples: putting a small cube into a larger cube; throwing a 
stick to the ground) 

Use of one object as a means to act on another ol~iect (examples: 
using a stick to push a dolly; using a dolly to transport a cup) 

Complex use ofot~jects to build a structure (example: stacking 
cubes, one on top of the other) 

Use of an object in a culturally-accepted way (example: drinking 
fi'om an empty cup) 

mos t  c o m p l e x  s e c o n d a r y  c i r cu la r  reac t ions .  M o u t h i n g  involves  more  ex tens ive  con tac t  

wi th  an  ob jec t  t h a n  does sniffing; therefore ,  sniffing and  m o u t h i n g  were  r anked  Leve l  2 and  

Level  3, respec t ive ly .  T w o  ca tegor ies  of  c o o r d i n a t i o n  o f  s econda ry  c i rcu la r  reac t ions  

invo lved  e i the r  und i f f e r en t i a t ed  (Level  6) or specif ic  (Level  7) c o m b i n a t i o n s  of  two objects .  

T h i s  d i s t inc t ion  reflects  d i f ferences  in unde r ly ing  cogni t ive  o rgan iza t ion .  H i g h e r  level  

c o m b i n a t o r y  uses o f  objec ts  consis t  e i ther  o f i n s t r u m e n t a l i z a t i o n ,  a fo rm of  t e r t i a ry  c i r cu la r  

reac t ion ,  or  o f  func t iona l  use. F u n c t i o n a l  use o f  objects  was d iv ided  into  cons t ruc t iona l  and  

c o n v e n t i o n a l  use. 

T h e  c o m p l e x i t y  codes  were  app l i ed  to each  ob j ec t -o r i en t ed  behav io r .  Both  m a n u a l  and  

n o n - m a n u a l  con tac t s  were  recorded .  F o r  each  ob jec t -o r i en t ed  behav io r ,  the  complex i t y  o f  

the m a n i p u l a t i o n  was  coded  a c c o r d i n g  to a h ie ra rch ica l ,  m u t u a l l y  exc lus ive  and exhaus t i ve  

sys tem ( T a b l e  1). T h e  cod ing  sys tem was  h i e r a r ch i ca l  in the sense tha t  the mos t  complex ,  

or  h ighes t  level,  b e h a v i o r  d i r ec t ed  to an  ob jec t  by each  h a n d  or  foot was recorded .  Fo r  

example ,  i f  the  sub jec t  was  ho ld ing  one  end of  a stick in his r igh t  h a n d  and  was m o u t h i n g  

the o the r  end  of  the  stick, only  the  g rasp  wi th  the r igh t  h a n d  was recorded ;  g r a sp ing  was  

def ined  as m o r e  c o m p l e x  t h a n  m o u t h i n g .  H o w e v e r ,  i f  the r igh t  h a n d  was g r a s p i n g  a cube  

and  the  st ick was in the  m o u t h ,  then  b o t h  behav io r s  w o u l d  be recorded ;  r igh t  h a n d  ac t ive ly  

m a n i p u l a t i n g  the  cube  and  m o u t h  c o n t a c t i n g  the stick. T h e  t ime at  wh ich  the b e h a v i o r  

began  (onset)  a n d  ended  (offset), the  c o m p l e x i t y  code,  mode ,  and objec t  were  r eco rded  fbr 

each  event .  
T h e  second  cod ing  sys tem invo lved  b i m a n u a l  co -o rd ina t i on  and  a s y m m e t r y .  B i m a n u a l  

a s y m m e t r y  was assessed by the  app l i ca t i on  o f  the complex i ty  codes,  desc r ibed  above ,  
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separa te ly  to each mode:  r ight  hand  (RH);  left hand  (LH);  and  foot (F). The  fbot mode was 
included p r imar i ly  to allow for the max imal  man ipu la to ry  expression of chimpanzees ,  
which possess the capac i ty  for fine motor  control  in their  toes and feet. Therefore,  b imanua l  
asymmetr ies  in complex i ty  of act ivi ty could be measured.  The  co-ordinat ion  of act ivi ty 
between hands  (or between hands  and feet) was assessed by means of two measures:  
over lap and transfer.  An  ins tance of over lap was counted when any combina t ion  of r ight  
hand,  left hand,  a n d / o r  foot events occurred concurrent ly .  These  periods of co-occurrence 
were categorized according  to whether  the man ipu la to ry  complexi ty  a n d / o r  objects 
involved in the events were the same or different. This  coding system was designed to assess 
frequency of  occurrence  of  hands  or feet act ing together  in a manner  that  was coord ina ted  
(e.g., act ing on the same object) or different ia ted (e.g, different behaviors  appl ied  to the 
same or different objects) .  Ano the r  means  by which actions between modes  could be 

co-ordina ted  was exhibi ted  in the transfer  of  an object  fi'om one hand  or foot to another .  
Thus,  an addi t iona l  pass was made  through the videotapes  to record each instance in 
which an object  was exchanged between the hands  (or between hand  and foot). 

Re-coding 
The  final b road  a rea  of analysis  was under t aken  subsequent  to the complet ion  of the coding 
systems descr ibed  above.  The  major i ty  of behaviors  for each subject  and each session were 
coded in the category,  Act ive Man ipu la t ion .  We felt that  this category was too broad  and 
that  finer dis t inct ions  should be made  for the following reason. Both simple t app ing  of the 
fingers aga ins t  an object  and  fine m a n u a l  explorat ions  of the details  of an object  (its unique 
character is t ics)  were or iginal ly  classified as Active Manipu la t ion .  A more deta i led 
classification system was designed to i l luminate  qual i ta t ive  differences in active 
man ipu la t ion  between subjects.  Therefore,  each event original ly coded as Active 
Man ipu l a t i on  was reviewed and re-coded into one of  seven hierarchical ,  mutua l ly  
exclusive and  exhaust ive  types of  active man ipu la t ion  (see Tab le  2 for l isting and 
definit ions).  

These  categories reflect a h ie rarchy  of a t t end ing  to objects as separa te  entities. At  the 
lowest level, an object  is g rasped  and t reated as different in ident i ty  from the other  objects; 
however,  the object  could only be a pa r t  of another  object,  i.e., not  discrete.  This  s imple 
behavior  (Hold)  indicates  a lack of knowledge of the object ' s  discreteness.  When  the 

Table 2 Definitions of categories used in the breakdown of "Active 
Manipulation" 

Category Definition 

Hold 
Push/Pufl 

Extract 

Wave/Shake 

Explore 

Simple grasping of one object 
Grasping of one object while moving it along a substrate 

(example: moving a dolly backward and forward along the floor) 
Grasping one object and moving it so that the activity is 

directed toward that object in particular, apart and different 
from the background (example: picking up a plate from the floor 
with one hand and grasping it with the other hand) 

Making an object move once it has been extracted (example: 
picking up a stick and waving in the air) 

Fine, detailed movements directed toward the unique 
characteristics of an object (example: moving a finger around 
a small metal bolt that protrudes from the plastic top of a 
dolly) 
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subject is able to make the object move (Push/Pull), he is one step closer to learning the 
identity of the object. However, it is clearly indicated that the entire object is a unity, 
independent of any other object, only when the object can be Extracted. The next category, 
Wave/Shake, reflects an understanding both of the discreteness of the object and its ability 
to be individually manipulated. The final, and most complex, type of active manipulation 
is Explore. This behavior reflects not only a knowledge of the object as an entity, but also 
reflects an investigation into those properties of an object which make that object 
individually distinct. 

Inter-observer/ Intra-observer Agreement 
Agreement between different coders (inter-observer agreement) and between the same 
coder at different times (intra-observer agreement) was assessed with the Kappa  statistic 
(Cohen, 1960). Percentage agreement was not used alone due to its tendency to 
overestimate reliability when chance agreement is high (Hollenbeck, 1978). The Kappa  
statistic corrects for agreement due simply to chance and is applied to the entire coding 
scheme. The acceptable criterion was set at 0-70, and all Kappa  statistics were 
substantially above this basal criterion. One observer served as the standard coder and 
recorded data for all sessions and all subjects. Intraobserver agreement was assessed, 
resulting in a Kappa  statistic of 0'81 (percentage agreement = 91"7). Inter-observer 
agreement was assessed independently by two different observers. Average agreement 
between the first and standard observers was 0-84 (Kappa: range = 0"77-0-91; average 
percentage agreement = 92-9; range = 89'8-96.1, n = 5). Agreement between the second 
and standard observers also was assessed (Kappa: 0'90; percentage agreement = 94'9). 
Additionally, a single test was conducted which compared the agreement between the two 
non-standard observers (Kappa: 0"91; percentage agreement = 95"7). 

3. Resu l t s  

It  was found that Chesley, the chimpanzee infant that was with his mother, did not act on 
the objects. The reasons for the lack of data are not clear; however, we suspect that the 
mother's behavior played a major role (Bard & Vauclair, submitted). Assuming that the 
sampled time of day was inappropriate, midway through the study, the authors observed 
this animal for eight hours on one day in an attempt to record all his actions with the 
objects. However, the infant failed to reward this vigilance, i.e., he did not act on the 
objects. Subsequent to the conclusion of this study, the chimpanzee infant was observed for 
45-minute sessions, and pencil-and-paper narratives were recorded which did include 
instances of interactions with objects. Thus, at 151/2 months of age, Chesley was acting on 
the objects. He displayed behaviors as complex as Simple Relations (see Table 1). The 
most complex behaviors were interactions with the sticks (the most commonly contacted 
objects), and included, for example, pushing the stick out of the cage and banging both 
sticks together. Since these latter observations were noted in broad descriptions when the 
subject was older, they are not included in further analyses. 

Type and Complexity of Object Manipulation 
Application of the coding system for complexity level resulted in the data presented in 
Table 3. Instances of construction were never observed and, therefore, are not included in 
the analysis. 
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Table  3 F r e q u e n c y  o f  b e h a v i o r a l  c o m p l e x i t y  l ev e l s  

Complexity Level 
Age 

(lun. mo: 
Subject days) 1 2 3 4 5 6 7 8 10 ? 

Alcab 8:18 12 0 0 2 158 9 4 0 4 2 
9:24 18 0 0 0 94 12 0 0 0 0 

10:10 18 0 0 4 117 26 0 1 1) 0 
11:02 13 0 0 1 123 16 6 0 0 1 

Percentage o[" 
total  9'5 0"0 0"0 1' 1 76"8 9'8 1"6 0'2 0'6 0"b 

Joseph 8:08 20 ] 0 8 0 17 2 0 0 0 I 
9:13 22 10 15 1 19 0 0 0 0 0 

10:16 2 9 29 1 83 10 0 0 2 2 
11:06 9 9 33 1 61 6 11 0 0 1 

Percentage of 
total 13"8 9'9 22"2 0'8 47"0 4'7 0"0 0"0 0"5 1"0 

Kanzi 8:14 0 0 0 2 23 0 0 0 0 1 
9:09 6 1 0 0 16 0 0 0 0 3 

10:02 2 0 0 0 35 0 0 0 0 4 
11:02 1 4 1 0 13 0 0 0 0 0 

Percentage of  
total 8"0 4"5 0"9 1"8 77'7 0"0 0"0 0"0 0-0 7'1 

Aleah, the h u m a n  subject, exhibited consistently high frequencies of active 
manipula t ion .  A total of 120-200 object-oriented actions was observed dur ing  each session, 
and between 70% and 83% of these were classified as Active Manipula t ions .  Aleah 
demonstra ted an approximately equal distr ibution of both more and less complex 
behaviors in each session (assuming that active manipu la t ion  is average in complexity). 
Aleah was never observed to sniff" and did not mouth  an object without first actively 
man ipu la t ing  it with her hand(s) .  A rank ordering of the durat ion and frequency with 
which each object was contacted revealed that Aleah interacted most frequently with the 
dolly and often utilized the small and large sticks. 

A more detailed analysis of the type of active manipu la t ion  (Table 4) revealed that, for 
the first session, more than  halt" of Aleah's  active manipula t ions  were of one type, simple 
holding of an object. More than 12% of her manipula t ions  involved extracting the objects 
from the background,  and almost 15% involved Active Movement  and Exploration. i n  
subsequent  sessions, the proport ion of simple holding decreased and the proport ion of 
behaviors involving extraction, especially those with added movements  (i.e., waving and 
shaking), increased. Consider ing all sessions as a whole, Aleah engaged most fl-equently in 
active manipu la t ions  of two kinds, simple holding (36%) and active .movements (31%). 

Joseph, the nursery-raised infant  chimpanzee,  exhibited a total of 58 and 67 
object-oriented behaviors in the first two sessions, respectively. Of  these instances, over 
one-third consisted of watching objects and approximately one-third consisted of active 
manipula t ions  of objects with the hands and feet. The remaining one-third predominant ly  

consisted of sniffing and mouthing.  Joseph demonstrated complex schemes twice dur ing 
the first session, which consisted of simple relations between two objects. Dur ing  the last 
two sessions, he exhibited a total of 138 and 120 object-oriented behaviors, 60% and 51% 
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Table 4 B r e a k d o w n  of the category 'Active Manipulation'  (Frequency per 
se s s ion  and overal l  percentage  of  total behaviors)  

Age 
Subject (lun. too: days) Hold Push/Pull Extract Wave/Shake Explore 

Aleah 8:18 90 13 20 20 15 
9:24 29 20 l 1 33 1 

10:lO 22 9 8 67 11 
1 I:02 35 27 25 30 6 

Percentage of 
total 35"8 I4'0 t3"0 30'5 6-7 

Joseph 8:08 9 2 5 1 0 
9:13 14 4 I 0 0 

10:16 23 50 6 0 4 
11:06 48 8 5 0 0 

Percentage of 
total 5'2 35'6 9'4 0'6 2"2 

Kanzi 8:14 15 1 5 2 0 
9:09 12 4 0 0 0 

10:02 23 7 3 1 1 
11:02 11 2 0 0 0 

Percentage of 
total 70'1 I6-1 9-1 3'4 I-1 

of which were active manipulations.  "Looks" dropped to less than 10% of the total 
behaviors recorded, and the relative amount  of  shitting and mouthing remained at 
approximately 30%. The number  of complex behaviors increased to 12 and six in the third 
and fourth sessions, respectively. These complex behaviors primarily were simple 
relations, but  Joseph  demonstra ted two instances of  conventional use with the cup during 
the third session. A rank ordering of  the durat ion and t?equency with which each object 
was contacted revealed that Joseph interacted most frequently with the dolly. He also 
frequently contacted the plate and spent long periods of time with the largest cube. 

A breakdown of  Joseph ' s  active manipulat ions (Table 4) indicated that almost all active 
manipulat ions involved either simple holding or pushing/pull ing an object along a 
substrate, e.g., the floor (average = 84"8; range = 64-7-94"7%). Extracting an object from 
the background accounted for approximately one-third of  the manipulat ions during the 
first session and less than 10% of those for subsequent sessions. Active movements  and 
explorations were observed infrequently in the first and third sessions. Considering all 
sessions as a whole, Joseph ' s  most  frequent active manipulat ions involved simple holding 
(52%) and pushing/pull ing (36%). 

Kanzi,  the bonobo,  exhibited a total of between 19 and 41 object-oriented behaviors in 
each of  the four sessions. The majori ty of these infiequent behaviors consisted of active 
manipulat ions (61-88% in each session). Kanzi  did not demonstrate  any complex 
manipulat ions involving relations between objects, instrumentalization or conventional 
use. He occasionally watched objects (as high as 23% of the total object-oriented behaviors 
in the second session), and demonst ra ted  sniffing and mouthing of objects (26% of the total 
in the fourth session). A rank ordering of  the objects contacted by Kanzi  demonstrated that 
the small stick was contacted most frequently, followed by occasional interactions with the 
smallest and largest cubes. 
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Table  4 indicates that Kanzi ' s  active manipula t ions  could be categorized primari ly as 
simple holdings (65-92%). In  the first session, Kanzi  extracted objects from the 
background (21-7%) and  on two occasions, actively moved objects. In the second and 
fourth sessions, all active manipula t ions  consisted either of simple holding or pushing/  
pulling. O n  one occasion dur ing  the third session, Kanzi  exhibited active movement  of an 
extracted object, and once, explored the details of" an object. Considering all sessions as a 
whole, Kanzi  most frequently exhibited simple holding (70"1%) and often moved objects 
along a substrate(16.1%).  

In  summary,  Aleah demonst ra ted  much higher frequencies of object-oriented behaviors, 
overall, than the infant  chimpanzees,  and higher frequencies, specifically, in the categories 
of Active Man ipu la t ion  and Simple Relation. More complex behaviors, i.e. complex 

relations, ins t rumenta l iza t ion  and convent ional  use, were observed in the h u m a n  infant; 
these behaviors occurred infrequently,  if at all, in Joseph, the common chimpanzee.  Kanzi ,  
the infant  bonobo,  did not exhibit behaviors more complex than active manipula t ion .  

Kanzi  exhibited the lowest frequency of total object-oriented behaviors; however, the 
proportion of these behaviors that were classified as active manipula t ion  was comparable  
to that of Aleah (77 and 78%, respectively). Joseph exhibited a lower percentage of active 
manipu la t ion  (47%) and demonstra ted the highest frequencies of sniIfing and mouthing.  
Aleah's non-Active Manipu la t ions  were distr ibuted evenly between simpler behaviors 

Table 5 F r e q u e n c i e s i n  use  o f m o d e s  acting a lone o r t o g e t h e r f o r  each subject 
in each sess ion  

Mode 

Subject Session RH LH F RH+LH RH+F LH+F RH+LH+F Exc 

Aleah 

Relative 
frequencies 

Joseph 

Relative 
frequencies 

Kanzi 

Relative 
frequencies 

1 93 82 4 106 3 0 2 22 
2 47 39 20 47 19 3 16 16 
3 46 82 20 39 0 12 0 23 
4 54 91 2 43 0 1 0 6 

0"440 0.077 0"047 0'031 

1 12 7 0 0 0 0 0 0 
2 15 4 1 3 1 0 0 0 
3 52 37 8 46 2 1 2 0 
4 32 30 6 9 /2 3 6 0 

0"307 0" I 19 0"043 0"039 

1 6 11 9 0 4 3 1 0 
2 5 4 8 0 1 0 0 0 
3 9 10 15 2 0 0 5 0 
4 5 2 5 1 1 0 0 0 

0"058 0"097 0"047 0"067 

RH - right hand. 
LH = left hand. 
F = foot or feet. 
Exc - exchange of object from one hand to the other hand. 
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(mostly looking) and  more complex behaviors  (mostly s imple relat ions).  This  d i s t r ibu t ion  
pa t te rn  was not observed in Kanzi ;  his non-act ive  manipu la t ions  consisted of  s impler  
behaviors .  Al though  the major i ty  of  Joseph ' s  non-Act ive  Man ipu la t ions  consisted of 
s impler  behaviors ,  app rox ima te ly  5% of his behaviors  were more complex. 

Biomodal Asymmetry and Co-ordination 
The  frequency with which the hands  and f~et wcrc used to man ipu la t e  objects is presented  
in Tab le  5. Aleah used her  left hand  more  often than she used her right hand(51% vs 41%,  
respectively) and,  surpr is ingly ,  she used her  feet for a lmost  8% of her  ma n ipu l a to ry  
behaviors .  Joseph  used his feet for 7"4% of'his object  manipula t ions .  ,Joseph used his r ight  
hand  to man ipu l a t e  objects  sl ightly more f requent ly  (54-%) than he used his left hand  
(38%),  whereas  K a n z i  used both  hands  less, bu t  equally,  often. More  than 40% of  Kanz i ' s  
man ipu la t ions  involved act ivi ty  with the fket. 

Differences among  the subjects  were evident  in their  co-ordinat ion  of" b imoda l  activity.  
Aleah used both hands  for 44% of her object  manipula t ions ,  compared  to 31% for Joseph  
and less than 6% for Kanzi .  Aleah  also exhibi ted higher  propor t ions  of  co-ordina t ion  
between one hand  and the f~et (54 '8%) than did Joseph  (26"2%) and,  especially,  Kanz i  
(14"4%). The  relat ive fi~equency with which feet and both hands  acted together  was sl ightly 
higher  for Kanz i  (6"7%) than for ei ther  Aleah  (3 '1%) or Joseph  (3 '9%).  

The  greates t  difference in the use of  hands  and feet between Aleah and the ape infants 
was represented  by the f requency of exchange,  i.e., the transfer of an object  from one hand  
(or foot) to ano ther  dur ing  active manipu la t ion :  Aleah exchanged an object  67 times, 
whereas nei ther  Joseph  nor Kanz i  demons t r a t ed  any transfers. 

Table 6 Percentage of total overlaps in terms of similarities and differences  
of objects and behaviors for each mode 

SuI2ject Modc =B =O =B 4=0 v~B =O 4-B 4:O 

Aleah RH/LH 52'23 21"31 1"71 5"50 
RH/F 3'44 3'44 0"34 0"34 
LH/F 3"44 1"03 0"69 0'34 
RH/LH/F 1'03 4'46 0'00 0"69 

Joseph RH/LH 17.65 37"65 0"00 12"94 
RH/F 3"53 t2.94 0.00 1.17 
LH/F 0"00 4.70 0"00 0"00 
RH/LH/F 2"35 7.06 0.00 0.00 

Kanzi RH/LH 16.67 0.00 0.00 0.00 
RH/F 27"78 0"00 0.00 5.55 
LH/F 16.67 0.00 0.00 0.00 
RH/LH/F 33"33 0.00 0.00 0.00 

=B =O: 
B 4-0: 

:r =O: 
4-B. 4:0: 

same behaviors and same objects. 
same behaviors and different objects. 
different behaviors and same o'Qjects. 
different behaviors and different objects. 

RH: right hand. 
LH: left hand. 
F: foot or feet. 
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When an instance of overlap between the activity of hands and/or feet occurred, records 
were maintained regarding whether the complexity of" the behaviors exhibited in the 
different modes were the same or different and, also, whether the same different objects 
were contacted. Therefore, there were four different types of overlaps in terms of behaviors 
and objects used. The proportion of each type of" overlap that occurred for each bimodal 
overlap is presented in Table 6. 

Aleah predominantly used both hands together, rather than in combination with the 
feet. Most of these overlaps involved both hands demonstrating behaviors of the same 
complexity level directed toward the same object. Additionally, Aleah demonstrated 
overlaps in which the same complexity level was exhibited with the right and left hands, 
but with the use of ditt~rent objects. Ranked third, in terms of frequency, were cases in 
which different levels of behavior were used to act on different objects. During the early 
sessions, the complexity level of behaviors involved in this latter type of overlap included 
Passive Manipulation, Active Manipulation and Simple Relation. In tile fourth session, 
there were two instances of overlap that involved Active Manipulation with one hand and 
Complex Relation with the other hand. 

The majority of Joseph 's  overlaps (68"2%) also involved both hands. More than 
one-third of'these overlaps involved each hand acting with the same complexity level (most 
occurring in the category of Active Manipulation), with the hands directed toward 
different objects. The cases of overlaps in which Joseph applied different behaviors with the 
right and left hands (10 instances) toward different objects involved Active Manipulation 
with one hand and Simple Relation with the other hand. There was one instance in which 
one hand was activily manipulating an object and the," other hand was using an object in a 
conventional way (i.e., drinking from the cup). 

Only one of Kanzi 's  overlaps was of the type in which the same level of behavioral 
complexity was applied to the same object by each mode. One-third of his overlaps 
involved feet and both hands acting together. Approximately 28% of Kanzi 's total overlaps 
involved the right hand and the feet. The one instance of overlap in which different 
complexity levels with different objects were exhibited involved the right hand actively 
manipulating one object while the foot was passively contacting another object. 

4. Discuss ion  

Developmental studies of exploration and play by human infants have shown that thc 
period around nine months of age is characterized by the transition from simple 
manipulation to relational and functional uses of objects (Fenson et al., 1976; Zelazo & 
Kearsley, 1980; Belsky & Most, 1981). Relational acts were defined as the capacity to 
combine or relate two objects, whereas functional behaviors described the capacity to 
extract some unique piece of" information and to use it in an appropriate way (e.g., 
conventionally, or as an instrument). In these respects, Aleah's manipulations are 
comparable with available data on larger samples of human infants. Thus, Aleah can be 
considered to be a reliable reference point for comparison with apes. 

An overview of the four subjects in the present study can lead to the following description 
of similarities and differences among these species. The present study was based on a 
minimal sample and, therefore, the descriptive results must be viewed as preliminary. 
Variation among individuals carl be quite large in both humans and great apes and, 
therefore, caution is advised in overgeneralizing fi'om these results. (See for example the 
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marked difference between the two common chimpanzees in the number of object 
manipulations.) 

Infant of both species of chimpanzees sniff and mouth objects without grasping them. 
These behaviors were systematically displayed by the common chimpanzee upon first 
contacting new objects. Mouthing has been reported to be a prevalent way of interacting 
with objects in many species of non-human primates (Parker, 1974a, b; Candland, French 
& Johnson, 1978). The sensitivity and flexibility of the mouth enable chimpanzees to use 
their lips and tongues to explore fine details of objects. It  is interesting to note that the 
bonobo infant used this type of approach much less frequently than did the common 
chimpanzee infant. The bonobo and chimpanzee infants primarily demonstrated those 
types of behaviors which are typical in human infants at 6-8 months of age, i.e., simple and 
repetitive manipulations of a single object (in Piagetian terminology, secondary circular 
reactions). Maturational  levels do differ among these species and, thus, comparing 
ontogeny by age alone might be questioned. More extensive comparative data are needed 
in order to index development with age. Age was used in the present study because it is 
necessary at this stage of the comparative/developmental  field to have a measure from 
which we can obtain the conversions to developmental or maturational scales. 

The quality and quantity of manipulations difl?red between Aleah and the apes. Ateah's 
active manipulations occurred mostly "above the ground" and were exemplified both by 
the frequencies with which extracted objects were moved and by the circulation of objects 
between her hands. These activities were rarely observed in the ape infants. 

Consideration of modal co-ordinations revealed additional important interspecies 
differences. The human infant exhibited greater richness and differentiation in the use of 
the modes to manipulate objects than was seen in the ape infants. This feature was 
demonstrated in the high total frequency and more numerous instances of each type of 
overlap in terms of behaviors and objects. Furthermore, this flexibility in the activity of the 
human infant appeared in the multiple instances when objects were transferred flom one 
hand to the other. The presence in humans of such co-ordinated patterns of" modal 
behavior might have "the function of constructing the capacity for representation of 
complementary gestures of the arms and hands relative to the objects" (De Schonen, 1977, 
p. 154), making possible tile emergence of such complex activities as knot-tying, plaiting, 
etc. These characteristics also could be of evolutionary significance, in the manner of 
Marshack's (1982) model of hominization based on two-handed competence. 

Settings for the subjects differed not only in terms of'environmental stimulation, but also 
in terms of the social context. The purpose of this study was to assess manipulations in 
which objects are used for their own sakes, However, objects also can be used in social 
games (e.g., play) and as a means of attaining social goals (e.g., getting attention). This 
type of object use has been observed among both human infants (Bates, 1976) and 
chimpanzees (Plooij, 1976). Moreover, the social context plays an important role in 
determining the forms to be taken by object manipulations.* 

* Competent adults can monitor and orchestrate the infant's manipulative 
activities. Further analyses of our observations on these subjects, which 
focus on the communicative context, are reported elsewhere (Bard & 
Vauclair, submitted). 

Portions of the data reported herein were presented at the IXth Congress 
of the International Prlmatological Society held in Atlanta, Georgia, 
U.S.A.,8 13 August 1982. 



644 j .  VAUCLAIR AND K. A. BARD 

In  conclusion, our s tudy clearly demons t r a t ed  that  h u m a n  and non -human  infants 
differed in the way they explored and man ipu l a t ed  objects.  O u r  results are consistent  with 
the reports  of o ther  studies on chimpanzees  (for example ,  Math ieu  & Bergeron,  198l).  
Moreover ,  our coding system permi t t ed  the detect ion of differences and similari t ies that  
have not been repor ted  previously:  (a) objects are mouthed  without  being held in the hands  
more frequent ly  in the ch impanzee  infant than in the bonobo infant; and  (b) both 
ch impanzee  and bonobo  infants man ipu la t e  objects wi thout  ext rac t ing  them from their  
background,  in cont ras t  to the frequent  extract ion of  objects by the h u m a n  infant. This  
la t ter  feature might  have evolu t ionary  impor tance ,  since use of  discrete and movable  
objects makes  them suscept ible  to many  kinds of  a r rangements  and combinat ions ,  such as 
construct ion and tool use. I t  should be noted that  these advanced  skills do develop in 
chimpanzees ,  since adul ts  of this species have been observed to use objects in complex 
ways, e.g. tool use. Prerequis i te  behaviors  from which la ter  complex skills develop are 
evident  in ape and h u m a n  infants at  8-11 months  of age. However ,  only h u m a n  infants of  
this age demons t r a t e  the first clear  instances of these complex manipu la t ions  with objects.  

This  s tudy was suppor t ed  by Gran t  No. 81"712"079 ti'om the Swiss Science Founda t ion  to 
J. Vauc la i r  and by U.S. Publ ic  Hea l th  Service Gran t  No. RR-00165 (Division of  Research 
Resources,  Na t iona l  Ins t i tu tes  of Heal th)  to the Yerkes Regional  Pr imate  Research Center  
of Emory  Universi ty .  The  authors  arc indebted  to Dr  E. Sue Savage -Rumbaugh  fbr 
v ideotap ing  the bonobos  and provid ing  both  the objects and running  t ime on the 
videotapes  (Gran t  No. 8968 from the Nat iona l  Ins t i tu te  of  Chi ld  Hea l th  and H u m a n  
Deve lopment  to Drs  D. M. R u m b a u g h  and E. S. Savage-Rumbaugh) .  We wish to thank 
Ateah and Patt i  for their  co l labora t ion  in the study.  We arc also very grateful  to Ncil 
Belman for his active cont r ibu t ion  in collecting and analyzing data .  
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