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Chapter 13

Dynamic Interactions between Posture, Handedness, and 
Bimanual Coordination in Human Infants: Why Stone 

Knapping might be a Uniquely Hominin Behaviour

in early hominins may have evolved. In particular, 
we report evidence suggesting that these favourable 
bio-behavioural conditions may have originated from 
and gradually formed following the emergence and 
adoption of the upright bipedal posture about 6 to 4 
million years ago. 

Rooting the origins of stone-knapping skills to 
the emergence of bipedalism is not new. Several au-
thors already proposed many evolutionary accounts 
linking the development of novel manual functions, 
manual specialization, and tool use to the transition 
and adoption of upright locomotion in early hominins 
(see for example Corballis 1991; Frost 1980; Hewes 
1961; 1964; Hunt 1994; Leroi-Gourhan 1964; Lewin 
1998; Lovejoy 1981; MacNeilage et al. 1987; Marshack 
1984; Marzke 1996). One common denominator of 
these previous accounts rests on the underlying as-
sumption that adopting the bipedal posture allowed 
freeing the hands from their locomotorõs role, which 
in turn set the stage for developing increasingly-
sophisticated manual skills, and thereby promoting 
novel societal activities and tool manufacture. Here, 
we elaborate on this link between the emergence of 
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In this chapter, we present an evolutionary scenario that may have contributed to the de-
velopment of stone-knapping skills in early hominins. This scenario relies on þndings in 
human infants and non-human primates revealing that preferred patterns of two-handed 
coordination and hand preference are dynamically linked to preferred patterns of locomotion. 
Speciþcally, these þndings show that stronger handedness and stable bimanual coordination 
are better achieved when an upright posture is adopted, or when bipedal locomotion has 
become the preferred mode of locomotion (as opposed to quadrupedal locomotion). We relate 
these þndings to some major postural adaptations that followed the emergence of bipedalism 
in early hominins. We argue that these bipedal postural adaptations that occurred during 
early human prehistory have contributed to create favourable bio-behavioural conditions 

from which stone-knapping skills have evolved. 

The emergence of stone-tool manufacture during the 
Palaeolithic marked an important and unique transi-
tion in human evolution. Not only did its appearance 
in our prehistoric ancestry unquestionably reÿect the 
development of novel cognitive and motor competen-
cies, but it also paved the way to a wide array of future 
skills and technological developments that were uti-
lized in conjunction with hunting, food handling, and 
other tool production, to cite a few examples. How did 
such crucial tool-manufacturing skills emerge? What 
were the conditions or circumstances that led to the ap-
pearance of such a remarkable technological advance? 
Can we trace the origins of stone-knapping skills to 
other crucial events or critical transitions in human 
evolution that took place prior to the emergence of 
stone knapping? And why should stone knapping be 
considered a uniquely hominin behaviour?

In this chapter, we attempt to answer to these 
questions by delineating an evolutionary scenario 
that may have taken place early during the Pliocene 
ñ prior to the emergence of stone knapping ñ and 
may have contributed to create favourable bio-behav-
ioural conditions from which stone-knapping skills 
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the erect posture and the development of sophisticated 
manual skills. In particular, we use recent þndings 
from research in human development and non-human 
primates to provide a mechanistic account for why the 
transition to upright locomotion may have been such 
a signiþcant trigger in the formation of þner manual 
coordination and the development of stone knapping 
in human prehistory. 

Our account rests on one fundamental premise: 
to perform precise two-handed movements ñ such as 
hitting a stone repeatedly at speciþc controlled angles 
to shape it into a tool ñ one must have developed 
stable dynamic interactions between three fundamental 
and necessary behavioural components (see Fig. 13.1). 
First, one must have developed a steady posture, in 
order to provide a þrm and balanced anchorage to 
such dexterous and ballistic manual activities. Second, 
one must have established clear hand preferences (or 
stable division of role between hands) in order to use 
manual actions in a complementary fashion, according 
to their respective specialized functions (e.g. holding 
and hitting). And third, one must have the potential 
to achieve þne bimanual coordination between hands 
in order to time, sequence, and modulate the action of 
each hand in concert and in relation to one another. This 
fundamental premise requires thus, that stability at all 
three levels must be met in order to attain overall stable 
dynamic interactions between these cooperating behav-
ioural levels. Such stable interactions between posture, 

handedness, and coordination are 
necessary to allow the development 
and achievement of þnely-controlled 
and sophisticated bimanual tasks such 
as knapping a stone. Here we report 
data suggesting that such interactive 
stability between body/trunk, arms 
coordination, and laterality can be 
achieved speciþcally following the 
emergence and adoption of the erect 
posture. 

To support our thesis, we rely on 
þndings with human infants and non-
human primates showing congruent 
interactions between posture and 
manual laterality in tasks requiring 
reaching and two-handed coordina-
tion. First, we present data from our 
own research on the development of 
bimanual coordination, hand prefer-
ence, and transitions in posture and 
locomotion in human infants during 
their þrst year of life. We show that 
the stability of two-handed coordina-
tion and the lateral organization of 

the upper limbs change as infants learn to sit, crawl 
and walk. Of particular interest, we report results 
depicting that the establishment of clear directions in 
hand preferences and specializations begins to form 
steadily and strengthens following the emergence of 
upright locomotion.

Second, we review recent þndings in non-human 
primatesõ laterality and posture, which similarly reveal 
that solving manual tasks while in an upright position 
leads to greater indexes of hand preference compared 
to solving the same tasks while in a quadrupedal 
position. Together, the human infant and non-human 
primate studies congruently reveal that speciþc pat-
terns of manual coordination and lateralization are 
dynamically linked to the adoption of particular and 
preferred postural locomotorõs modes. Speciþcally, 
they reveal that bipedal forms of locomotion facilitate 
the formation and organization of stable lateralized 
bimanual coordination, whereas quadrupedal forms 
do not lead to comparable behavioural outcomes.

Finally, we draw some parallels between these 
þndings and some archaeological artefacts in human 
prehistory. We discuss the implications of this body 
of evidence for human evolution and elaborate on 
the possible underlying brain mechanisms that may 
account for the body/trunk and arm interactions ob-
served in human infants and non-human primates. 
We propose, from an evolutionary perspective, that 
such mechanisms may have played a signiþcant role 

PREMISE
Stone knapping requires the development of stable

dynamic interactions between three behavioural components

Clear
division of labour

Fine bimanual
coordination

Stable
posture

Stability at all three levels must be met in order to attain stable
dynamic interactions between these cooperating behavioural levels

Figure 13.1. The three cooperating behavioural components underlying 
the act of stone knapping. (Picture of stone knapper is from Roux (2000), 
reprinted with permission.)
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following the emergence and adoption of the erect 
posture in early hominins, providing critical bio- 
behavioural foundations upon which stable dynamic 
interactions between body/trunk and arm activity 
have developed. We also argue that stone knapping 
may have evolved to a degree of þne and sophisticated 
manual specialization only in hominins, because only 
hominins truly adopted and maintained a fully-erect 
posture as their preferred mode of locomotion and 
postural organization. 

Part I: Handedness, bimanual coordination, and 
postural transitions in human infants

In the þrst year of life, human infants develop an im-
pressive array of fundamental motor skills in a very 
short time. From about the age of four months, infants 
begin to control their arms and hands to perform volun-
tary behaviours such as reaching for and manipulating 
objects. Shortly after, they learn to sit on their own, and 
next, they become increasingly mobile, þrst by crawling 
on their belly or four limbs, and then by adopting an 
erect posture and walking. This rapid developmental 
succession offers unique opportunities to study how 
newly-emerging behaviours interact and are integrated 
with other formerly-acquired skills. For example, one 
can ask how newly-emerging modes of locomotion 
interrelate with previously-acquired manual skills. 

In recent years, my colleagues and I engaged 
in a series of longitudinal studies with human in-
fants with the speciþc purpose to capture and study 
changes in manual activity as a function of early 
locomotion development. We wanted to investigate 
whether the development of early hand preference 
and two-handed coordination over the þrst year of life 
revealed identiþable periods of transition in manual 
coordination. We also wanted to determine whether 
these observed transitions in hand preference and 
coordination were linked to successive postural reor-
ganizations as infants learned to sit, crawl, and walk. 
We were interested in studying this question because 
we knew from previous research that human handed-
ness and manual coordination are quite unstable in 
early development (Carlson & Harris 1985; Corbetta 
& Thelen 1996; 1999; Gesell & Ames 1947; McManus et 
al. 1988). Handedness, in particular, becomes a strong, 
lasting, and easily identiþable behavioural asymmetry 
from early childhood. However, during infancy, pre-
ferred hand use tends to shift and alternate between 
hands numerous times before settling into a preferred 
direction (Corbetta & Thelen 1996; 1999; Gesell & 
Ames 1947). This is especially true during the months 
following the emergence of reaching for objects. As a 
result of these þndings, researchers argued that hand 

preference can remain unstable up to three years old 
and beyond, despite infantsõ growing proþciency at 
manipulating objects (Gesell & Ames 1947; McManus 
et al. 1988). 

The question that really interested us was why 
infantsõ early manual preferences ÿuctuated so much 
between left-, right-, and two-handed use before set-
tling into a preferred direction. Some preliminary 
observations suggested that these ÿuctuations might 
have been related to postural reorganizations as in-
fants acquired new fundamental motor milestones 
(Corbetta & Thelen 1996; 1999). In that work, we noted 
that infantsõ initial and apparent preferred manual 
biases dissipated when they began to crawl on hands-
and-knees, and that bimanual coupling in reaching 
returned when infants began to walk upright on their 
own. Nonetheless, because these early observations 
were performed with a very small infant sample, we 
were uncertain of the generalizability of our þndings. 
The research we review in the next sections reÿects 
our follow-up attempts to assess more systematically 
and more reliably whether successive postural reor-
ganizations and manual activities occurring over the 
þrst year of life interact with one another over devel-
opmental time. Most of the þndings summarized here 
have already been published in two reports (Corbetta 
& Bojczyk 2002; Corbetta & Thelen 2002). These previ-
ous publications provide a more thorough review of 
some of the developmental issues discussed here.

Coordination and hand preference in pre-locomotor 
infants: establishing a baseline
All the longitudinal studies we summarize hereafter 
were performed using a task commonly known in 
developmental psychology as the ôobject-retrieval 
taskõ. In this task, infants þrst watch an experimenter 
place an attractive toy inside a container; then, after 
a short time, the infants are allowed to retrieve the 
toy. The container we adopted for our studies was a 
plastic box equipped with a hinged lid (see Fig. 13.2). 
Once closed, the lid of the box would not lock, such 
that infants could manage to open it. For the young 
infants, one major difþculty of this task resided in dis-
covering how to coordinate and sequence the move-
ments to open the lid, hold it open with one hand, 
while retrieving the toy inside the box with the other 
hand as illustrated on Figure 13.2. Indeed, previous 
research demonstrated that before the age of eight 
months, infants usually fail at retrieving the toy from 
such boxes, precisely because they have difþculties 
at coordinating and using their hands differentially 
(Bojczyk & Corbetta 2004; Bruner 1970; Diamond 1991; 
Fagard & Pez® 1997). One goal of our research was to 
document the movement strategies that the infants 
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used to retrieve the toy out of the container as they 
learned to master the task.

This task offered a number of advantages for ad-
dressing our developmental questions. First, by using 
infants younger than eight months and by following 
them over time, we were able to document progress 
in interlimb coordination and manual preference, 
and determine when infants would learn to sequence 
and differentiate their handsõ activities effectively to 
retrieve the toy out of the box. Second, because this 
task required differential and complementary two-
handed coordination to retrieve the toy, it allowed us 
to document, within and between sessions, whether 
infants used consistent, stable hand roles to perform 
each particular movement phase in the object retrieval 
process. Finally, because this is a task that infants enjoy 
performing until early in their second year of life, it was 
possible to use it with older infants as well in order to 
assess whether coordination and division of hand roles 
would change as infants became increasingly mobile.

In this section, we report þndings from an initial 
study that we performed with pre-locomotor infants 
who were 61/2 months old at the time they were re-
cruited. Because none of these infants were crawling or 
were in any way mobile at the onset of the study, they 
provided us with a behavioural baseline of coordina-
tion skills and manual preferences existing prior to the 
emergence of any form of self-produced locomotion. This 
longitudinal sample comprised a total of twelve infants. 
They came to our Infant Motor Development Laboratory 
at Purdue University every week for a period of two to 
three months, depending on infantsõ individual rate of 
learning in solving the task. Every week, we screened 

their sitting abilities and assessed 
their mobility skills to detect eventual 
changes in their overall capacity to con-
trol their body and move around. Also, 
every week, infants were exposed to 
the object-retrieval task using the same 
procedure as follows (see also Bojczyk 
& Corbetta 2004 for more details on the 
procedure). 

At their arrival to the laboratory, 
infants were comfortably seated on 
a specially-designed infant seat that 
provided stability and support to the 
trunk, while leaving the infantõs arms 
free to move. An experimenter placed 
in front of the child a small table, 
the top surface of which reached the 
infant waist level. The testing box 
was then placed open, on top of the 
table, and out of the infantõs reach. 
Testing began with the experimenter 

facing the infant from the other side of the table, and 
showing the child a colourful and attractive rattle. 
The experimenter put the attractive rattle in the box 
and closed the lid while the infant watched. Next, the 
experimenter closed the box and pushed it toward the 
infantõs reaching space at midline, and the child was 
given one minute to retrieve the toy. If the infant suc-
cessfully retrieved the toy, or failed to retrieve the toy 
within that one-minute time window, the box would 
be pulled back, and a new trial would be performed. 
Infants were exposed to a total of six trials each week. 
At each new trial, the experimenter used a new rattle 
to maintain the infantsõ attention and interest in the 
task whether they succeeded or not at retrieving the 
toy. All rattles used in the study were easily graspable 
with one hand and were symmetrically shaped. They 
were also always placed at the centre of the box to 
prevent any biases that could have inÿuenced infantsõ 
choice of hand use. Finally, all infants were followed 
over time every week until they were able to retrieve 
the toy out of the box using bimanual complementary 
strategies with good timing between hands (as illus-
trated on Fig. 13.2) and were able to maintain that level 
of performance on þve out six trials over three consecu-
tive weeks. When that behavioural criterion was met 
we ended our weekly observations for that infant. 

In our analyses, we categorized infantõs coordi-
nation responses: 1) as failure, when infants did not 
succeed in taking the toy out of the box within the 
one-minute exposure to the task; 2) as unimanual, 
when they used the same hand to open the box and 
retrieve the toy; and 3) as bimanual with weak or good 
timing, when they used both hands in a complemen-

Figure 13.2. The object-retrieval task used in the developmental studies 
reported in this chapter.
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tary fashion to open the box and hold the lid open with 
one hand, while retrieving the toy with the other hand 
(good or weak timing depended on the level of coordi-
nation interference between hands). Additionally, for 
the unimanual and bimanual behavioural categories, 
we coded which hand(s) ñ right, left, or both ñ were 
used for opening the lid, holding the lid, and retriev-
ing the toy (see also Corbetta & Thelen 2002). 

Figure 13.3A reports the developmental changes 
in bimanual coordination and division of hand roles 
over the session time in two exemplar infants, EH and 

CS, until they reached the end of study criterion. The 
stacked bars on top report the frequency of coordina-
tion categories used by the infants to retrieve the object 
out of the box as a function of the consecutive sessions. 
The corresponding line graphs below report for each 
session a frequency index of preferred hand use for 
each movement phase in retrieving the object, namely, 
which hand was used for opening the lid, for holding 
the lid open, and for retrieving the toy. 

The stacked bars on Figure 13.3A show that 
both infants failed initially. Within a few sessions, 
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Figure 13.3. A) Exemplars of developmentally-stable (top) and relatively-stable (bottom) patterns of hand use in two 
young non-crawling infants, EH and CS, while learning to solve the object retrieval task across the consecutive weekly 
sessions. Each bar graph reports the rate of success and type of bimanual patterns used to retrieve the toy from the box 
as a function of the weekly sessions. The line graphs underneath the bar graphs report which hand was used by these 
infants for opening the box, holding the lid, and retrieving the toy during the same developmental period. B) Overall 
variability in hand use for opening the box, holding the lid, and retrieving the toy computed over the entire study 
sessions for each individual infant in the 61/2- to 9-months-old group.
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however, and after they managed to retrieve the toy 
out of the box once (on week two for EH and on week 
four for CS), they both developed effective interlimb 
coordination with good timing in a few weeks. The 
corresponding line graphs reveal that despite early 
timing difþculties in coordination before attaining 
criterion, both infants displayed quite clear division 
of hand roles over time. The straight lines in EHõs 
graph indicate that she was very consistent, within 
and between sessions, at opening and holding the 
lid with her left hand, while retrieving the toy with 
her right hand. CSõs ÿuctuating lines reveal that he 
was a bit more variable in his hand use, but preferred 
hand use was still identiþable over the session time; 
CS opened the box with two hands, then, most of the 
time, held the lid with his right hand while retrieving 
the toy with his left hand. 

EHõs and CSõs performances on the object retrieval 
task were typical of what most infants did in this study. 
All infants acquired two-handed coordination with 
good timing within 11/2 to 21/2 months from the onset 
of the study (Bojczyk & Corbetta 2004) and all infants 
displayed and maintained relatively identiþable pre-
ferred hand use and division of hand roles throughout 
the study. Figure 13.3B reports the overall index of 
variability in hand use across sessions by infant and by 
movement phases during object retrieval. These data 
show that for the movement phases that required com-
plementary activity (i.e. holding the lid while retrieving 
the toy), seven out of the twelve infants displayed no or 
very little variability in hand use over time. Like EH, on 
Figure 13.3A, these infants consistently used the same 
hand to hold the lid and the opposite hand to retrieve 
the toy throughout the study.

The þve other infants on Figure 13.3B, with 
greater variability bars for holding and retrieving, 
were more like infant CS. Over session time, these 
infants tended to display identiþable preferred hand 
uses for holding the lid and retrieving the toy, but 
their preferred hand uses were not as consistent and 
as steady as for the seven other infants. Indeed, these 
þve infants sometimes alternated hand roles within 
and between sessions, similar to CS on Figure 13.3A. 

We were curious to þnd out if these differences 
in performance variability were related to the emer-
gence of self-produced locomotion. We were aware 
that some infants began to crawl on hands-and-knees 
before they attained our good timing movement 
criterion. Thus, we looked at our records of postural 
screening that we performed every week to assess 
which and when infants began to become mobile. We 
found that the seven infants, who displayed consist-
ent preferred hand use over time, only averaged 2.2 
weeks of crawling experience before they reached the 

end of study criterion. The þve infants, who displayed 
more variable hand use over time, displayed 7.8 weeks 
of crawling experience before the end of the study. 
These þndings were interesting because, consistent 
with a previous study (Corbetta & Thelen 1999), they 
indicated that a decline in preferred hand use could be 
associated with the emergence of crawling. To verify 
such hypothesis, we embarked on a similar study, 
however with crawling infants aged eight to thirteen 
months old. We predicted that these infants should 
not show preferred hand biases. 

Coordination and hand preference in crawling and 
walking infants
Human infants become mobile around eight to nine 
months old. First, they begin to crawl on their belly or 
hands-and-knees, then, as they are able to move closer 
to the furniture in their home environment, they pull 
up to stand and begin to cruise in an upright position 
using the furniture as their support to reach other places 
(see Gabbard 2004). Eventually, they will let go of the 
furniture and take their þrst independent steps. In per-
forming a second study with infants aged eight to thir-
teen months old, we wanted to track these progressive 
changes in self-produced locomotion and determine if 
they were matching changes in hand preference and 
coordination in reaching and object-retrieval tasks. In 
particular, we wanted to investigate whether infantsõ 
preferred hand use would dissipate during their crawl-
ing period as suggested by our previous studies, and 
we wanted to assess whether hand preference would 
eventually reappear once infants would adopt an up-
right posture and become independent walkers. 

To address these goals, we followed ten infants 
ñ again on a weekly basis ñ from the time they were 
about eight months old, up to the time they walked 
independently for about two months (Corbetta & 
Bojczyk 2002). At every session and similarly to the 
previous study: 1) we screened each infantõs posture 
and locomotor progresses; 2) we tested their bimanual 
coordination skills and hand preference with the same 
object-retrieval task while they were seated in an infant 
chair; and 3) we asked them to reach for small one-
handed and large two-handed objects at midline also 
while seated. Additionally, when infants began to walk 
independently, we enticed them to traverse a 3-m-long 
surface in order to capture their walking cadence and 
identify their arm positions during walking. Indeed, 
young walkers who have precarious balance control 
tend to walk keeping their arms up, in a high guard 
position. As they gain balance control, they eventually 
lower their arms along their body sides. We tracked arm 
position during walking because we hypothesized that 
hand preference might reemerge when infants would 


