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Neither the naked hand nor the understanding left to itself can effect much.
It is by instruments and aids that work is done.

Francis Bacon, 1620

Introduction

This book is about the uses to which people and animals put tools. The
main focus of the book is Ergonomics, i.e., the ‘laws’ (nomos) that govern
or relate to ‘work’ (ergo). When I use the term ‘ergonomics’, I mean the
relationship between animate beings and their environment. Thus, when-
ever some aspect of the environment, or objects in that environment,
impinges on the activity of a person (or animal), one can see a role for
ergonomics. For the most part, the scientific study of ergonomics has been
concerned with studying the effects of the environment on human perform-
ance, and then seeking to modify or otherwise redesign the environment.
Redesign might focus, for instance, on changing the environment to better
suit human stature, to better control thermal comfort, or to support more
effective and efficient performance. Redesign might also focus on changing
objects within the environment, which is the concern of this book. It is my
contention that a clear and detailed understanding of the manner in which
people make use of tools can offer a significant contribution to the study of
ergonomics. Of course, the study of how people make use of tools is not the
sole province of ergonomics, but is also important to anthropology, archae-
ology and a host of other human sciences. Having said this, there has been
surprisingly little attempt to bring together all the different disciplines that
have a bearing on this topic.

When I use the term ‘tool’, I have in mind physical implements and arte-
facts that are used to make changes to other objects in the environment. The
physicality of tools is important for this book because one of the key issues
that I am exploring is the relationship between physical and cognitive activ-
ity. A commonly used example of tool use is the act of hammering a nail
(Figure 1.1).
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This is a mundane enough activity, and readers will be forgiven if they
struggle to see a cognitive component to what is clearly a physical action of
swinging a hammer onto a nail. There are four points that can be presented
to demonstrate the central argument of this book. First, in order to strike
the nail’s head cleanly and sharply, one needs to be able to define an appro-
priate trajectory and force in which to move the hammer. If one watches
very young children playing with peg-and-hammer sets, one realizes that
such coordination is not innate, but develops (through experience, practice
and maturation). It is proposed that such definition requires cognitive activ-
ity (rather than merely muscular coordination). Second, if a hammer is not
available, then (adult) humans are able to adapt other objects, such as the
heel of a shoe. This suggests that tools have several ‘meanings’, e.g., the tool
itself, the function that the tool can perform and the potential role of an
object in achieving the users’ goal. If this is the case, then the manner in
which humans (and animals) learn to represent tools and their functions
could provide interesting insight into how tools are used. Third, the smooth
performance of hammering proceeds in such a manner as to make one 
‘forget’ the hammer and focus on the goal of driving home the nail. It is
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only when the action ‘breaks down’, e.g., one misses the nail or the nail hits
a knot in the wood or the nail does not appear straight, that one refocuses
one’s attention on the hammer in one’s hand. This, for me, is an interesting
aspect of using tools, i.e., through practice, the tool ‘disappears’ from one’s
immediate awareness by becoming both part of the person and part of the
task. Fourth, the manner in which even the simplest tools, like hammers,
are wielded by the novice (or at least intermittent) hobbyist and the expert
craftsperson testify to distinguishable levels of skill that reflect both a 
tradition of working and a learned relationship between tool and user.

Tools mediate our engagement with the world. Thus, hammering modi-
fies the length of the nail, the contact between the nail and whatever it is
being driven into, the goal of joining two pieces of wood (or fixing a hang-
ing for a picture, or repairing a drawer, etc.), the impact of hitting the ham-
mer felt on the wrist via the handle etc. The actions are on the tools
themselves, on the objects that the tools affect, on the users of the tools, 
on the surrounding environment, on our perception of the world and the
goals that we hold. In one form, this means that we need to consider the
basic mechanics and physical performance involved in using tools. In
another form, using a tool requires some elements of planning and coordi-
nation of motor activities that have a basis in cognition, and some form of
representation of tools and their functions. In a further form this requires
us to concentrate on aspects of everyday cognition, i.e., the issues relating
to the ‘feel’ of the tool and the ways in which tools ‘disappear’ in use. My
proposal is that each manner in which tools mediate our engagement with
the world represents a specific set of knowledge and perception–action 
coupling, and that the integration of these forms underlies tool use.

In order to think about using tools it becomes necessary to weave
together a story that combines elements of experimental psychology, 
sociology, anthropology and ergonomics, with contributions from other
disciplines. Of course, such a cast will inevitably lead to accusations of mis-
representation or favouritism from exponents of the various disciplines that
are called upon. However, I propose that tool use is sufficiently complex to
warrant the efforts of many researchers, looking at the problems in many
forms and proposing many answers; my hope is to pull together some of
these strands into a coherent, interesting and informative account.

From this perspective, research into early hominid and animal activities
relating to tools can be used to highlight differences between these species
and modern humans. I realize that such a position has not been particularly
fashionable for the past 100 years or so; most writers on tools emphasize
that, because tool use can be found across many species, it is no longer 
the sole province of humanity. Thus, the notion that ‘man is a tool using
animal’ [1] is no longer seen as one of the distinguishing features of
humankind. By implication, writers suggest that the distinction between
humans and animals, in terms of tool use, are slight – proving once again
that humans are merely animals. While I do not have a quibble with the
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tenor of this argument, my feeling is that human tool use does differ, and
differ significantly, from animal tool use, and that such differences point to
essential and elemental differences between humans and animals.
Therefore, when discussing how animals use tools, my focus will be on con-
trasting these activities with human tool use. Furthermore, it is probably a
good time to point out that I see no sense in linking tool use with ‘intelli-
gence’ (although this has been a particular hot potato amongst many com-
mentators on tool use, particularly from animal observations and
anthropology). It seems to me that tool use as a way of mediating one’s
activity on the world will be as complex as necessary; thus, to speak of an
ant carrying food in a leaf as being less intelligent than a human carrying
food on a plate seems to imply dimensions of intelligence that allow direct
comparison between these species. The form of engagement that is appro-
priate to the tool user, in order to effect seamless mediation of activity and
to achieve optimum performance, would seem to me to be the only neces-
sary criteria when considering tool use – and to speak of some aspects of
these forms of engagement as being more ‘intelligent’ than others seems 
to miss the point.

What is a tool?

There are two basic definitions of the word ‘tool’. The first refers to any
handheld implement that can be used to perform a task, such as a hammer,
a knife or a fork. The second refers to any form of support that can be
drawn on to help perform a task. In this second definition, it is possible to
think of a tool as a piece of what McCullough [2] calls applied intelligence,
i.e., technology that allows us to expand upon the limited repertoire of
manual and cognitive skills that we possess. My feeling is that it is this
expansion of skills we possess that sets tools apart from other machinery
and technology; a tool allows us to take an existing operation and, in some
sense, amplify it. Both definitions of the word ‘tool’ share a notion of
objects in the world that help us to do things.

As mentioned above, I am assuming that a tool is a physical object. This
limits the range of items that can be considered, and already introduces an
element of controversy. One of the most prescient writers on the subject of
human tool-use, Vygotsky [3] observed that a defining feature of human
behaviour was the ability to internalize tools. By this he meant that children
develop the ability to use ‘psychological tools’ to help perform cognitive
tasks. In other words, one could use a simple ‘tool’, such as beads, when
learning to count, but then dispense with the physical artefacts when a level
of proficiency has been attained. From this level of proficiency, i.e., when
one can count without the aid of physical objects, one can also perform
manipulations on the internalized representation, e.g., one can multiply,
add, divide or subtract numbers without using physical objects. However,
once the manipulations become too complex or detailed to perform 
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mentally, then one again makes use of physical representation; in this case,
one uses written symbols to record the steps in the calculations. This indi-
cates that in describing tools merely as physical objects, I am walking a
rather tricky path between different levels of representation. When one
speaks of ‘internalizing’ tools, the idea of ‘amplification’ is clearly inappro-
priate; rather what one is doing is representing aspects of the world in new
ways and manipulating these representations. This is taking us some 
distance from the focus on tools as physical objects.

To make matters worse, the word tool has been, to use a phrase from lin-
guistics, ‘over-extended’; in other words, the definition of tool has been
stretched to such an extent that it means more or less anything that a per-
son can use to help to do some task. Thus, pencil and paper could consti-
tute a tool, as could the numbers written on the paper, as could one’s fingers
when one is doing maths. Indeed, in the word processing package in which
this chapter is being written, there is a menu called ‘Tools’, which contains
such diverse functions as a spell-checker, mail merge and something called
‘options’. From this discussion, one can see that the word ‘tool’ usually
means any form of crutch or support to assist the person in doing some-
thing, regardless of what form the support might take.

I will consider the role of ‘cognitive artefacts’ in human performance in
Chapter 10. Cognitive artefacts are those representations, devices and
objects that people use to support cognitive performance. For example, a
shopping list supports both the activity of remembering what to buy and
also the activity of planning what to buy. Alternatively, a calculator sup-
ports the activities of manipulating numbers, recording the outcome of
those manipulations and performing manipulations that are too time-
consuming or complex to perform manually or mentally. I hope that by the
time we turn to cognitive artefacts, we would have acquired sufficient
insight into the use of physical tools to be able to consider how and why
such objects are useful. The consideration of cognitive artefacts will also
assist in developing the arguments relating to representation because these
objects are essentially external representations in support of cognitive 
activities. My proposal is that, perhaps paradoxically, physical tools also
function as external representations in support of cognitive activity.

Having considered some of the ways in which ‘tool’ has been defined
beyond its scope, it is now worth reviewing the various definitions that
other researchers have proposed. Ostensibly, the word ‘tool’ is derived from
the Old English Tawian, meaning to prepare for use. While this tells us lit-
tle about the word ‘tool’ itself, the definition does imply that tools are used
for specific purposes. Indeed, Samuel Butler wrote that ‘Strictly speaking,
nothing is a tool unless during use’ [4]. In other words, a tool is something
that acquires significance through the functions that it can be used to per-
form or support. To a certain extent this proposal echoes the distinction
that Heidegger [5] drew between things we think about and things which
we use, i.e., between those objects which are vorhanden and those which
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are zuhanden. In this distinction, vorhanden refers to the theoretical aspects
of objects which allow people to contemplate these objects. I suppose if the
reader was asked to ‘describe a screwdriver’, it is possible to produce a ver-
bal description containing handle, shaft and head. On the other hand,
zuhanden refers to the user’s relationship to objects in use. This notion of
zuhanden seems to reflect Butler’s proposal that ‘nothing is a tool unless
during use’. In other words, the meaning of the screwdriver comes as much
from the manner in which it is used, as in any verbal description that one
can apply to it. Indeed, one could even say that a verbal description is a very
poor means of describing the screwdriver; it would be better to offer a com-
bination of words, pictures and mimed actions (or better still to show 
a screwdriver being used).

This distinction between the vorhanden and zuhanden of tools implies
two distinct types of knowledge (although it is debatable as to whether
zuhanden constitutes ‘knowledge’ in any sense in which facts can be repre-
sented and discussed). What is apparent is that, through the use of a tool
(and any object that one physically manipulates) the focus of attention can
be less of the object and more on the task; in other words, the object 
‘disappears’ during use and one is aware of the performance of a task rather
than the feeling of the object in one’s hands. This is true only in so far as
the task proceeds without problem. As soon as a problem occurs, the atten-
tion shifts from the performance of the task to the presence of the object.
The implication is that tool use becomes a dance between vorhanden and
zuhanden, between a practical, physical engagement between person and
task and a theoretical understanding of the properties of the object. To
develop this into an example, imagine using a file to shape a piece of metal
(Figure 1.2). As you move the file back and forth across the metal, you
become caught up in the rhythm of filing and focus on the angle and move-
ment of the file. To check the result, you need to stop and, perhaps, inspect
the object being worked. If the file slips or sticks, then you might look from
the object to the file’s edge or to the way in which your hand is grasping the
handle or to the angle that the file is moving across the metal etc. In the first
part of the activity, the focus of attention is on the action of filing the object,
but in the second part of the activity, the focus of attention is on the file
itself.

Butler goes on to state, ‘The essence of a tool, therefore, lies in something
outside the tool itself. It is not in the head of the hammer, nor in the han-
dle, nor in the combination of the two that the essence of mechanical char-
acteristics exists, but in the recognition of its unity and in the force directed
through it in virtue of this recognition’ [6]. My interpretation of this quo-
tation is that, in order to effectively use a tool, one must be able to inter-
pret (and represent) the functions that the tool can support and the actions
that one needs to perform in order to elicit these functions. In this manner,
people can, ‘see’ a shoe, a rock or a piece of wood as a hammer. The point
of this discussion is that I believe that tool use has a strong cognitive 
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component that can handle these different forms of representation, and that
a cognitive perspective that views knowledge as essentially declarative (i.e.,
something that one does with words) is unable to cope with tools. This
might be one reason why so little has been written about tools from the per-
spective of cognitive psychology. Having said this, recent theorists have
been exploring the influence of context on cognition, emphasizing the
interaction between thinking and activity, and the role that artefacts play in
this interaction. For the purpose of this book, such approaches represent 
a way of considering the zuhanden of tools.

From the literature of animal tool-use, there have been several attempts
at describing what is meant by a ‘tool’. For instance, Goodall, who has
spent many years studying the behaviour of chimpanzees, proposes that
‘tools’ involve ‘… the use of an external object as a functional extension of
mouth or beak, hand or claw, in the attainment of an immediate goal’ [7].
This definition highlights two important features. First, like many writers,
Goodall emphasizes the notion that ‘tools’ represent an extension of the
body. As Beck, in his comprehensive review of animal tool-use observes,
this means that, for animals, a tool will ‘… extend the user’s reach, amplify
the mechanical force that the user can exert on the environment, enhance
the effectiveness of the user’s display behaviours, or increase the efficiency
with which the user can control fluids’ [8]. However, the notion that a tool
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is an extension of the body also suggests that a tool becomes not merely
something that is held or carried, but something that is assimilated to the
movement of the body to such an extent that it becomes difficult to sepa-
rate the two. Obviously, one can visually distinguish the tool from the user,
but if one considers the experience of using well-made cutlery to eat a meal,
for instance, one is less aware of manipulating the knife or fork than of
preparing food and moving it to one’s mouth. Of course, should the tools
lead to problems, e.g., if the knife is not able to cut a particularly tough
piece of meat, or if one cannot manipulate the tools properly, e.g., if one is
an inexperienced user of chopsticks, then the assimilation is broken and one
is aware of the tools as objects separate from one’s body.

Goodall also emphasizes the fact that tools are used for attaining 
goals. Thus, a dog running along a field carrying a branch in its mouth
might not be using a tool (as it does not appear to have any immediate
‘goal’, apart from the pleasure of biting onto something or the coincidental
delight it might obtain from thwacking its owner around the legs with the
leaves), but a chimpanzee using a twig to extract termites from a mound is
using a tool. This raises some interesting considerations about how one
defines ‘goal’ for tool use, and also how one excludes objects from the 
category ‘tool’. 

Beck suggests, ‘We are forced to conclude that tool use, in terms of 
topography, function or causal dynamics, dovetails imperceptibly with
other categories of behaviour’ [9]. One feels that Beck is somewhat disap-
pointed by this ‘dovetailing’, in that it makes the scientific study of tool use
per se difficult, particularly when this study involves field-based observa-
tion of animals performing activities that may or may not constitute the 
use of tools. For the purposes of this book, the quotation is interesting 
in that ‘dovetailing’ of tool use with other behaviours is an essential 
component of the argument being developed. In order to understand and
appreciate how tools are used, one needs to be able to consider a 
broad range of behaviours. By extension to this proposal, when one 
modifies a ‘tool’, e.g., through redesign, one is also effecting changes in
other aspects of behaviour. For example, to return to the example of ham-
mering a nail: consider how a user’s actions might change if the head of the
hammer was either small and light (such as a tack-hammer) or heavy and
large (such as a claw-hammer). Obviously, there are mechanical changes,
relating to weight, movement, etc., but there might also be other changes,
e.g., given a heavy hammer the user might attempt smaller swings and
expect to use few impacts to drive home a small nail on which to hang 
a picture.

To conclude, a tool is a physical object that is manipulated by users in
such a manner as to both affect change in some aspect of the environment
and also to represent an extension of the users themselves. The manipula-
tion is directed towards a specific goal or purpose, and the associated activ-
ity requires a degree of control and coordination. From an ergonomics
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perspective, a set of criteria for tool design was proposed in the 1960s by
Drillis [10]:

1 The tool must be able to perform as well as possible the function for
which it was intended.

2 The tool must be properly proportioned to both the dimensions of the
user and the constraints of the task.

3 The tool should be designed to optimize the performance of the user, in
terms of the users’ strength, work capacity, etc.

4 The tool should be designed to minimize costs in use, in terms of
fatigue, injury, etc.

5 The tool must provide appropriate and useful sensory feedback to 
the user, or at least, use of the tool should provide an opportunity 
for the user to monitor performance and effect appropriate changes, 
i.e., the use of tools implies perception–action coupling through which 
the characteristics of the tools constrain and influence the user’s 
movements.

To this list, I would add a sixth criterion:

6 A tool extends an existing ability, by increasing the power or precision
with which an action can be performed.

While these criteria were developed for human tool-use, they can apply
equally well to animal tool-use. For example, Table 1.1 compares the gen-
eral activity of ‘hammering’ between human and chimpanzee, in terms of
these criteria.

Ostensibly, Table 1.1 demonstrates that Drillis’s criteria can be applied to
chimpanzee tool-use. More subtly, however, these criteria can be used to
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Table 1.1 Comparing human and chimpanzee tool-use against ergonomic criteria

Design criteria Human Chimpanzee

Perform intended Drive nail into wood Crack open a nut
function

Properly portioned Handle should fit hand, Stone should fit hand, 
head should not be and should be 
too heavy correct weight

Optimize performance Translate kinetic energy Translate kinetic energy 
to impact force to impact force

Minimize risk Strike nail head, miss fingers Hold nut firmly on anvil
Feedback Impact force, movement of Nut cracks, nut opens

nail, reducing length of nail
Extend existing ability Bang hand onto object Hold object in hand and

bang against surface



define the choice of stone by the chimpanzee. As we shall see in Chapter 3,
nut-cracking is not a straightforward process but involves selection of a
good anvil stone and selection of a hammer stone that is both heavy enough
to crack the nut and light enough to be wielded by the chimpanzee and to
prevent the nut from shattering. In this example, tool use becomes as much
a matter of ‘creating’ the correct tool as using the tool. Chimpanzees (and
humans) are able to use a variety of objects to perform similar functions,
e.g., stones, sticks, shoes can all function as hammers. This raises questions
about the ways in which objects ‘become’ tools.

Tools as ‘augmentation means’

It has already been noted that tools extend the range of activities that can
be performed, e.g., by extending reach, amplifying force or otherwise
changing the manner in which the user can change objects in the environ-
ment. Tools also modify performance itself, e.g., consider eating with chop-
sticks or with a knife and fork. Engelbart [11] proposed four characteristics
by which ‘augmentation means’ could influence performance:

1 Tools and artefacts: the technologies that we use to work on the world
which supplement, complement or extend our physical and/or cognitive
abilities.

2 Praxis: the accumulation and exploitation of skills relating to purpose-
ful behaviour in both work and everyday activity.

3 Language: the manipulation and communication of concepts.
4 Adaptation: the manner in which people could (or should) adapt 

their physical and cognitive activity to accommodate the demands of
technology.

This set of characteristics of augmentation means can apply to all aspects
of technology, but for the purposes of this book, raise some key questions
about our relationship with tools. The first characteristics, ‘tools and arte-
facts’, have already been considered to some extent in the previous discus-
sion about what constitutes tools. The second characteristic, ‘praxis’,
introduces the notion that when we use tools we change our manner of
working and that, by implication, different tools evoke different changes in
work activity. Thus, e.g., using a shoe to bang in a nail leads to definable
changes in activity in comparison with a hammer. My proposal is that these
changes in work activity are as much cognitive as physical. The third char-
acteristic, ‘language’, calls to mind two points. The first is simply the man-
ner in which tool-using skills are communicated between, say parent and
adult. Chapter 3 explores the acquisition and transmission of tool-using
skills in humans and animals (particularly chimpanzees and other apes). In
this manner, ‘language’ (as the ability to communicate) underlies the acqui-
sition and sharing of skills relating to tool use. The second, and I feel more
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interesting point, relates to the notion that tools are themselves information
bearers. Returning to the point raised earlier, that tools are items of ‘applied
intelligence’, one can say that the design of a tool represents the crystalliza-
tion of a specific notion of how one should perform a task. Thus, there are
many designs of hammer or shovels, and each design (subtly different from
its counterparts) reflects a particular way of performing a task, e.g., a heav-
ier head or a longer handle reflect different notions of how one ought to
swing the hammer. In this manner, I assume that tools are representations
of specific views of working and that the ‘language’ of tools per se provides
an interesting and enlightening avenue of exploration. This point will be
developed further in Chapter 7. Finally, tools require some modification to
activity. Given that tools, typically, represent extensions of the user’s limbs,
then one level of adaptation is simply the question of learning to manipu-
late an extended limb. However, the ability to skilfully use a tool also
requires the coordination of tool and limb in a manner to produce optimal
performance with minimal effort.

Everyday cognition

While the word ‘cognition’ implies a particular approach to the scientific
study of human behaviour, there is growing debate regarding how one 
studies the various processes which make up cognition. In broad terms, 
cognition relates the ways in which people (and animals) draw information
from the world, combine this with the knowledge that they already possess
and interpret or make decisions about the information. Thus, one view of
cognition is that it is a form of information processing. Indeed, this view
relates to the popular notion of the brain as a ‘computer’ that can process
information according to programmes and routines. Like many popular
notions, such a view is only partly true and a great deal of research 
has addressed the differences between the brain and computers. This is 
not the place to review this work, but it is worth noting that human 
information processing seldom runs according to strictly defined, pre-
programmed routines. Furthermore, it is likely that human information
processing is both hierarchically organized, with different information
being processed in more detail and with greater effort than others, and
functionally separated, with specific areas of the brain addressing specific
types of information.

Much of the research into human cognition has tended to be laboratory
based. This provides a means of conducting well-controlled experiments
that allow focus on specific aspects of information processing. However,
there is a parallel trend, going back to Neisser’s call for ‘ecological validity’
in the study of human behaviour, arguing that cognition should be studied
in everyday settings. This call reminds me of the research into decision-
making that demonstrated that people rarely perform in the manner that
rational, logical, predictive models of decision-making would suggest.
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Indeed, when one considers human performance in everyday settings it
appears to exhibit similarities to the behaviour studied in the laboratory but
also some striking differences. For instance, Lave [12] studied people 
performing supermarket shopping tasks. Many of the tasks involved 
solving mathematical problems, such as ‘does product X with 25 per cent
extra free represent better value than product Y?’ or ‘if I buy product X will
this be sufficient for eight people coming to dinner tomorrow?’ When these
problems were expressed using the formula and terminology of mathemat-
ics, very few of the participants were able to solve the problems, but they
could all solve the problems in the supermarket. At one level, this indicates
that the manner in which a problem is presented modifies the approach that
one can take to solve it. At another level, it implies that we have all man-
ner of strategies that ‘work’ in everyday life and that can be applied with
little or no effort in order to solve problems.

In broader terms, one can consider that these strategies might vary 
across cultures, e.g., in relation to working practices for different industries
or in relation to different countries. For example, a commonly used exam-
ple is the difference in operation between UK and US light switches, i.e., do
you press the switch up or down to turn on the light? This relates to the
notion of population stereotypes. Ergonomics has been, since the 1950s,
concerned with how people ‘know’ whether you need to turn a radio vol-
ume control clockwise or anticlockwise to increase the volume. The general
consensus seems to be that we have well-defined stereotypical responses
that influence our interactions with simple products. There is some evidence
to suggest that these responses vary between countries, and that they can be
influenced by the design of the product that we are using. For example, peo-
ple will employ a ‘turn clockwise to increase’ stereotype, unless the control
knob is placed beneath the slider they are controlling. The notion of popu-
lation stereotypes implies that people possess schema of appropriate
responses to controls, and has echoes of the notion of affordance that has
already been discussed in this book. This idea will be developed further in
Chapter 11.

It seems to me that tool using is an area that could be considered under
the general heading of everyday cognition. We rarely focus attention on the
use of a tool, particularly when that tool is highly familiar. I will be using
the example of eating with knives, forks and spoons as a running example
in this book; eating is so routine an activity for most of us that we do not
need to focus particular attention on the use of cutlery. However, the fact
that we possess this ‘skill’ suggests that we should treat it with the same
respect we accord to other skills.

Forms of engagement

In this chapter, I have defined a ‘tool’ as a physical object that is manipu-
lated by users in such a manner as to both affect change in some aspect of
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the environment and also to represent an extension of the users themselves.
The manipulation is directed towards a specific goal or purpose, and the
associated activity requires a degree of control and coordination. From this
definition, I view tools as objects external to the user that support engagement
with the world around the user. The central thesis of this book is that there
are several forms of this engagement. By considering how different exam-
ples of tool use relate to these forms of engagement, I feel that we can come
to a better understanding of how tools are used. When I use the term
‘engagement’, I have in mind both the notion of interaction that is often
used when speaking of using technology (i.e., as in human–computer inter-
action), and the notion of physically engaging with an object (i.e., as in
gears engaging), and also in the sense of being involved with something to
the extent that it becomes the focus of attention (i.e., in the sense of being
engrossed in a film). I realize that this will tend to make ‘engagement’ a
portmanteau word (and one that is rather untidily packed). However, this
provides some indication of the multiple dimensions of activity that I feel
are relevant to an appreciation of tool use.

I propose six forms of engagement to describe tool use: environmental,
morphological, motor, perceptual, cognitive and cultural. While the follow-
ing section provides short definitions of each term, it is important to 
realize that these terms are being developed through the coming chapters.
In other words, the terms, at present, provide a framework for thinking
about how animals and people use tools and are used to develop a theory
of tool use.

By environmental engagement, I mean the ability of an organism to
respond to aspects of the environment. Such responses could be innate, such
that the presence of a particular feature in the environment will evoke a spe-
cific action, or they could be learned, e.g., through stimulus–response (S–R)
conditioning, or they could represent particular perception–action couplings.

By morphological engagement I mean the ability of an organism to use
hands, claws, mouth, beak, mandibles, etc. to grasp and wield objects. The
dimensions of the object will relate to the morphology of the organism
holding it.

By motor engagement, I mean the ability to manipulate objects. This
relates to morphological engagement, in that the type of hold will be
affected by the organism’s morphology. However, sophisticated motor
engagement might involve the organism exhibiting a variety of grips and
changing the grips depending on the task at hand. Thus, motor engagement
reflects both the postures adopted during the use of tools and also the 
control and coordination of movement.

By perceptual engagement I mean that ability to interpret feedback 
from using the tool, and relate this feedback to a particular set of 
expectations.

By cognitive engagement, I mean the ability to represent the function of
tools and to represent the characteristics of tools, as well as the ability to
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coordinate actions through psychomotor skills, and the ability to relate
tools to goals.

By cultural engagement I mean the ability of the organism to acquire
tool-using skills from other animals (as opposed to being born with the 
ability), and the way in which tool use reflects certain traditions of action.
Thus, a jigsaw, for instance, is designed to support a particular type of 
sawing activity which not only involves certain patterns of motor activity,
i.e., the ‘correct’ way to use the saw, but also reflects certain desirable 
consequences of this activity, i.e., the need to produce decorative shapes
from wood.

Taken together, it is proposed that consideration of tool use requires a
multidisciplinary perspective. I have taken the notion of forms of engage-
ment as my starting point for this book. By asking how, for instance, cul-
tural engagement and morphological engagement might interact in specific
examples of tool use, such as in chimpanzees using twigs to fish for termites
or in farriers using hammers to make horseshoes, we can develop a richer
and more detailed picture of the role of tools in our lives. Furthermore, this
multidisciplinary approach can skip over some of the debates relating to
tool use, e.g., does tool use reflect intelligence? Are humans ‘better’ at using
tools than animals? etc.; my response to these questions is that they are at
best misleading and that the manner in which a tool is used reflects the
appropriate forms of engagement for that tool being used by that species in
that environment in order to achieve that goal.

The structure of the book

Having defined what I mean when I use the word ‘tool’ and introduced 
the notion of forms of engagement in this chapter, the remaining eleven
chapters explore some of the implications of these ideas. In Chapter 2,
reports of tool use by insects, fish, birds and mammals are examined. The
main focus is on tool use in the wild, with a view to appreciating the sort
of tool-using activities that these species exhibit. In Chapter 3, we turn our
attention to tool use by primates, particularly chimpanzees. This activity
will be contrasted with some aspects of object manipulation by young chil-
dren. In Chapter 4, we consider the manner in which tools are made, par-
ticularly to develop further the contrast between human and animal
tool-use. Chapter 5 focuses on the manner in which humans use tools in
their work, with particular reference to skilled tool users. Following this
Chapters 6 and 7 look at two aspects of the design of tools: Chapter 6 is
concerned with the general ergonomics of tool design, and Chapter 7
focuses on the ways in which people ascribe different meanings to tools.
Chapter 8 considers the ways in which tool use can break down, particu-
larly in terms of human error and neurological impairment. Chapter 9
develops the notion of cognitive artefacts, discussed earlier in this chapter,
and Chapter 10 explores the developments in tool design for the coming
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century. Following the discussions of tool use in the previous chapters,
Chapter 11 sets out an initial theory of tool use, combining forms of
engagement with the notion of motor and cognitive schema. The book ends
with a chapter on conclusions that examines the implications for the notion
of forms of engagement and tool use.
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But what from the very first distinguishes the most incompetent architect
from the best of bees, is that the architect has built a cell in his head before
he constructs it in wax.

Marx, 1890

Introduction

In ‘The Origin of the Species’, Charles Darwin wrote of animals using tools.
For instance, monkeys using stone hammers to crack open nuts, and 
elephants using branches to wave away flies. He speculated that this behav-
iour was the result of the animals compensating for biological shortcom-
ings, e.g., teeth that were too weak to crack the nuts or trunks too short to
reach tails. One implication of this view is that a ‘tool’ serves as an exten-
sion of the animal and is selected to extend behaviours that the animal
already practiced, rather than representing novel sets of behaviours.

A key point to note from Darwin’s observations is that, despite being
reported in 1871, very little work was done on animal tool-use for a further
century until Jane Goodall’s pictures of chimpanzees using tools (published
in 1963) caused a stir in the scientific community. This suggests the contin-
ued acceptance of the claim that tool use is a predominantly human activ-
ity, and a general lack of interest in the subject of animal tool-use. Indeed,
while scientists recognized that animals had the ability to use various forms
of tools, such activity was seen as innate or instinctive, and not worthy of
consideration in the same scope as human tool-use.

A second point of note is Darwin’s implication that tools are used as com-
pensations for biological deficiencies. This argument has been revisited by
a number of scholars. Thus, e.g., in his discussion of Galapagos finches,
Bowman [1] suggests that a twig would be used to compensate for the lack
of pointedness of the bird’s beak. Taking this argument further, Alcock
claimed that animals who used tools tended to invade niches in which they
were poorly adapted, and so used tools as a way of compensating for 
their ‘… lack of biological equipment’ [2]. For example, if species of birds
with different beaks were to invade this niche, they might not need to use

2 How animals use tools



How animals use tools  17

tools. This notion can be read in two ways: (i) animals invade a new niche,
for which they are not evolutionarily adapted, and then develop tool-using
skills in order to survive, or (ii) animals with the propensity to develop tool
using skills are able to invade new niches. In either case, tool use is seen as
an evolutionary imperative, through which successful species adapt to their
environment. While this is an attractively simple argument, it does not
stand too close a scrutiny. For instance, if one considers related species that
live in similar environments, one does not always find shared tool-using
abilities. Thus, gorillas have not been observed to use tools in the wild, even
though their habitat is often similar to that of apes who do display tool use.
Further, failure to use tools in the wild is not an indicator of an inability to
use tools. Gorillas have often been observed to play with tools in captivity
or can be taught to use tools with a degree of proficiency. Consequently, the
notion that tool use is first and foremost a means of biological adaptation
to the animals’ environment is dubious. Having said this, the vast majority
of instances of animal tool-use are directed towards extraction of food from
the environment.

In this chapter, we review tool use by animals other than primates. The
aim is to develop an overall picture of how different species make use of
tools, and also to relate animal behaviour to the forms of engagement 
proposed in Chapter 1.

Tool use by insects, crustaceans and fish

As mentioned in Chapter 1, historically there has been an association
between tool use and intelligence. In other words, it was assumed that a
defining feature of humanity was its ability to use tools, and that ‘lesser’
species did not use tools as a result of their lower intelligence. On any scale
of ‘intelligence’, one would place insects and fish fairly low. If it can be
demonstrated that these species have the ability to use tools, then either we
separate intelligence from tool use, or we revise our estimates as to how
clever these creatures are.

Table 2.1 presents a summary of some activities in which insects, 
crabs and fish use external objects to effect changes on the environment. In
each case, the creature carries or holds the object, using whatever means

Table 2.1 Instances of tool use by insects, crabs and fish

Species Object Function Activity

*Ant lion Sand Throwing Flicking with head
Myrmicine ants Leaves Carrying Carry in mandibles
Mud wasp Stone Hammering Carry in mandibles
Marine crab Anenomes Brandishing Holds in pinchers
*Archer fish Water Throwing Shoots water at prey



available to it. In three of the cases, the creature uses its mouth (or
mandibles) to carry or project the object, and in one case, the creature uses
its claws.

I have marked two of these examples with an asterisk (*) because the
activity somewhat stretches the notion of a ‘tool’ proposed in Chapter 1.
Whilst both instances, ant lion and archer fish, demonstrate the ability to
change the environment, the activities involve using an element of the envi-
ronment (rather than the manipulation of objects to effect change). Having
said this, both instances involve the creature ‘projecting’ a substance (sand
or water) at its prey. The fact that the substance is not produced by the crea-
ture, but is taken from the environment and reused represents what might
be termed proto-tool-use. In other words, the animal is manipulating mate-
rial from the environment in order to make a change to objects in the envi-
ronment. Alcock [3] refers to the ant lion activity as an example of
preadaptive behaviour, i.e., the insect already possesses the propensity for
head tossing, and so the movement of sand could be seen as an incidental
consequence of aggressive activity. The archer fish seems to exhibit the
water-shooting behaviour as an innate response, and does not seem to ben-
efit from experience [4], i.e., it does not get more accurate with practice or
age. Thus, while it is not clear what behaviour is being shown in shooting
water, it is probable that this is neither a learned nor adaptive behaviour.

It is interesting to speculate on the origin of the other activities shown in
Table 2.1. For the marine crab, the claws are used to manipulate food, so
one could imagine that the anemones are grasped in a similar fashion
(although movement away from the mouth is obviously a modified behav-
iour). In a similar manner, dresser crabs will pick up material from their sur-
roundings, using their claws, and drape this material over them to provide
camouflage. The myrmicine ant is able to carry prey in its mandibles, and
so is adapted to carrying objects. In this respect, using the object to carry
food signals a modification of the object to be carried.

A further point to note is that the creatures reviewed so far tend to
exhibit very specific behaviours, and for these behaviours to be performed
in very specific environments. In other words, it might be the case that for
the mud wasp, tamping with a stone forms part of the overall activity of
burying eggs in a burrow. What is not apparent is whether these creatures
perform these activities in other contexts. In other words, it is difficult to
determine whether these activities are learned responses, whether they are
innate responses to specific stimuli or whether they are part of specific
action sequences.

Having said this, there is clear evidence from the examples reviewed to
suggest that tool use is context sensitive, i.e., it tends to indicate interactions
between predisposition, environment and adaptive behaviour. One possi-
bility is that the behaviours represent S–R pairings, with some form of envi-
ronmental reinforcement of specific activities supporting the continued
pairing of activity X with a particular objective.
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From the review in this chapter, it would appear that the animals typi-
cally show specific morphological characteristics that enable specific forms
of engagement, e.g., the ability to grasp and manipulate objects in beaks,
mouths, mandibles and claws. In other words, the animal is able to accom-
modate a particular object. The objects are available in the environment,
and the animals make no attempt to modify them. Indeed, one might say
that the animal combines object and environment into a single entity, upon
which it can operate. This implies a form of environmental engagement, in
which the animal manipulates the object and environment in parallel,
together with morphological engagement, in which the animal’s body can
act upon objects.

What is less apparent is the sense in which the animals show goals. Do
the animals represent goal states or do they have action sequences that are
elicited by characteristics of the environment? For example, does the mud
wasp have a sequence of actions associated with laying of eggs that involves
making a burrow, laying the egg, covering the burrow and tamping with a
stone – or does the mud wasp decide to tamp down the earth with a stone?
My feeling is that the former is more likely to hold. In other words, whilst
the examples reviewed in this chapter demonstrate animals’ ability to
manipulate objects, it is not clear that such behaviours involve any form of
engagement requiring intentionality. However, this assertion presupposes a
particular view of intentionality, i.e., intention as pre-planned schema for
action. An alternative perspective could view intention as being a compo-
nent of the action itself, i.e., rather than generating a ‘script’ based on an
understanding of the situation, the animals could simply act and through
their actions display an intention. As we shall see in Chapter 5, the com-
parison between intention as something pre-planned and intention as a
component of action is equally valid when applied to skilled human 
tool-use. Consequently, it is not necessarily the case that the animal tool-
uses reviewed are ‘unintentional’, but possible that they merely exhibit a
different form of intentionality. Having said this, the goals are so closely
intertwined with the environment and the tool to make it difficult to isolate
specific components; in other words, it is not easy to see how the manipu-
lation of tools would be performed if the environment were changed,
which, in turn, implies such a close coupling of environment–tool–goal 
that it is difficult to believe that the animal represents a ‘goal’ in any 
meaningful sense.

These examples raise specific questions pertaining to tool use that will be
revisited throughout this chapter (and subsequent chapters). The first question
relates to the physical ability of the creature of perform a specific action. It
would appear that the tasks require specific morphological engagement.
However, this does not appear sufficient for tool use as creatures with sim-
ilar morphologies do not exhibit such actions. The second question relates
to the role of the environment (or objects in the environment) in eliciting
the action. The third question relates to the question of intentionality.
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In their discussion of animal tool-use, Parker and Gibson [5] point 
out the distinction between tool use that is ‘context specific’, rather than
‘intelligent’. I prefer not to use the word ‘intelligent’ in these discussions; it
seems to me that the word is overly loaded with expectations of higher-order
knowledge and information processing. From the discussion of forms of
engagement in Chapter 1, the examples discussed demonstrate environ-
mental and morphological engagement. Thus, tool use might represent a
particular S–R pairing, in which a given object in the world evokes a given
response from the creature, or it might be cognitive, in which the pairing of
object and response is mediated by some goal-directed, purposeful activity.
It is noteworthy that the creatures considered in this section do not appear
to generalize their responses to different contexts. Further, if tool use was
an S–R pairing, then one might anticipate certain additional features of S–R
learning, i.e., acquisition of the S–R pairing, but there has been few if any
reported sightings of these creatures not being able to perform the action
and then, through reinforcement, acquiring it. From this, we are initially
forced to concede Beck’s [6] point, raised in Chapter 1, that tool use merges
with myriad other activity. The morphological engagement arises as a con-
sequence of the creatures’ ability to manipulate objects, and the environ-
mental engagement arises from the presence of such objects. Finally, while
the majority of activities here relate to either acquiring food or defence, the
breadth of species makes it difficult to see clear-cut links between tool use
and particular characteristics.

Tool use by birds

There has been a wide range of coverage in the popular media concerning
the intelligence of birds. In a common format for television programmes,
common garden birds, such as tits and sparrows, are set ‘tests’. The ‘tests’
typically involve nuts placed into tubes, with sticks preventing access to 
the nuts; the birds need to remove the sticks in order to make the nuts 
drop down the tubes. Certain species of birds (and some squirrels that 
discover the tests) are able to solve the problems and to retrieve the nuts. 
A striking illustration comes from David Attenborough’s Life of Birds
television series. Crows waited at a pedestrian crossing (on a university
campus in Japan). When the traffic stopped, the crows placed walnuts,
fallen from nearby trees, on the road. When the cars moved away, the birds
flew up to the trees and waited. The cars drove over the nuts, cracking them
open and the crows waited until the traffic stopped before flying down to
collect the opened nuts. One explanation of this behaviour hinges on two
ideas: (i) the crows already know that they can crack hard objects by drop-
ping them. It might be the case the walnuts simply bounce when dropped,
so the original behaviours are thwarted; (ii) the crows observe that cars
smash walnuts as they drive over them. They might pair ‘moving cars’ with
‘nut cracking’.
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Such behaviour, while not tool use per se, covers several aspects of behav-
iour that are of interest to this book, i.e., the ability to manipulate physical
objects, the ability to generate goals and plans to reach these goals, the abil-
ity to recognize an appropriate pairing of action to objects, the ability to
respond appropriately to environmental opportunities. What these activities
imply is that the birds are able to take a relatively simple set of activities,
and to apply them in increasingly complex patterns of behaviour. Of course,
one might feel that the manipulation of sticks with the beak are very much
innate abilities, e.g., consider the activities involved with nest building or
feeding. However, the examples presented earlier imply that the action itself
is less significant than the manner in which the action is employed and the
capability to string sequences of simple actions together in pursuit of a goal.

While it is possible to artificially construct scenarios in which birds (or
other animals) are encouraged to exhibit tool-using behaviours, it is more
interesting (and I feel valid) to consider such behaviours in their naturally
occurring states. Thus, Table 2.2 shows some of the reported natural uses
of ‘tools’ by birds.

Vultures and gulls exhibit similar propensities for using solid objects to
crack eggs or shellfish. For gulls, the primary behaviour is to take the shell
in the beak, fly up and then drop the shell. Of course, the height is crucial
in this endeavour: too high and the shell will shatter and the insides will be
lost, too low and the shell will be unaffected. Dropping hard objects onto
solid ground appears to be common behaviour amongst several species of
gulls, crows and other carrion birds.

The vultures, rather than dropping eggs onto hard surfaces, will use hard
objects to impact on ostrich eggs (Figure 2.1). Thus, the vultures will use a
stone, held in the beak, to hammer or throw at the egg. It is worth noting
that the vultures will also crack pelican eggs by smashing them on the
ground. The implication is that, rather than developing a novel response,
the vultures are modifying an existing response; in other words, the use of
stones to crack eggs could be viewed as the reorganization of the actions
used to crack eggs on stones. This explanation could also be applied to the
performance of the crows using cars to crack walnuts.

Table 2.2 Instances of tool use by birds

Species Object Function Activity

Egyptian vulture Stones Hammering Hold in beak to
hammer or throw

Galapagos finches Twigs Probing Hold in beak
Brown-headed nuthatch Bark-scales Prying Carry in beak
Sea gulls Rocks Throwing Drop eggs onto

rocks
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According to Alcock [7], the use of stones to crack eggs (by vultures) is
typically 50 per cent accurate, i.e., the hammer or throw is as likely to miss
the egg as to hit it. The activity is relatively slow in that some 4–12 hits will
occur over 2–8 minutes. This suggests that the bird is not only impacting
the egg but also spending some time checking the results of the action, 
e.g., hitting the egg, checking to see if the egg has opened and, if necessary,
repeating the action. This process is analogous to the test-operate-test-exit
(TOTE) model of action proposed by Miller et al. [8]. The TOTE model
proposes that actions are guided by plans, and the plan draws upon an
actor’s knowledge of the world. The matching between a ‘goal’ and the 
current state requires some feedback mechanism which checks whether the
goal has been reached. Thus, as Figure 2.2 shows, the TOTE model assumes
that actions run through a simple process of checks and acts.

For the example of crows presented earlier in this chapter, it was clear that
if the walnut was not cracked, it would be repositioned. Thus, the crows can
also appear to be following a TOTE process. Interestingly, the egg-cracking
behaviour of Egyptian vultures can be easily elicited by using ‘fake’ eggs,
which suggests that the behaviour represents some form of S–R pairing.
Furthermore, the Egyptian vultures that exhibit this behaviour will often feed
with white-backed vultures who have not been observed to exhibit egg-
cracking. This supports the earlier assertion that similar species in the same
environment need not show tool-using behaviour (in other words, this exam-
ple reduces the proposal that the environment somehow creates tool using).

Table 2.2 also shows the well-known use of twigs by Galapagos finches
and the, perhaps lesser known, use of bark-scales by the nuthatch. 

Figure 2.1 Egyptian vultures using stones to crack open an ostrich egg.
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The nuthatch breaks of a bark-scale and then uses this as a lever to remove
other pieces of bark from a tree to expose insects. The finches have been
observed to break off twigs with their beaks, and then to insert the twigs
into cavities in trees in order to probe for insects. The twig either impales
the insect or acts as a bridge for the insects to walk across. What is partic-
ularly interesting is the observation that the finches break off the twigs
themselves (as opposed to simply picking up dropped pieces of twig). This
implies that the finches are able to ‘make’ the tools they need, i.e., by break-
ing twigs to beak size. However, it is not clear whether the finches ‘re-use’
the ‘tool’, i.e., once the insects have been coaxed from the hole, the finch
will drop the twig in order to use its beak for feeding. Also, the widespread
observation of the Galapagos Woodpecker finches using twigs to catch
insects suggests that this activity is largely innate, i.e., a genus adaptation to
the environment rather than a learned or individual adaptation. Recent
observations of New Caledonian crows also indicates propensity for tool
use amongst birds [9]. The crows have been observed manufacturing and
using hooked tools, made by plucking and stripping a barbed twig, and also
a ‘stepped cut tool’ with serrated edges, made from leaves. Both tools are
used to extract insects from crevices.

It remains a moot point as to the level of cognition involved in these
activities. It is apparent that the birds are often capable of defining a goal
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and performing actions that will achieve that goal. This implies an ability
to separate environmental, morphological and motor engagement in a man-
ner that is not exhibited by the insects, fish and crabs considered earlier.
Furthermore, the fashioning of tools, from twigs and leaves, and the use 
of stones as hammers, implies that the birds have insight into the functions of
objects as tools to help them achieve their goals. Indeed, recent accounts 
of a Caledonian crow in captivity, tell of its ability to form a piece of wire
into a hook that it can use to retrieve food from a container.

Tool use by mammals

As noted at the start of this chapter, Darwin pointed out that elephants
would use twigs and branches to swat away flies, although van Lewick-
Goodall [10] noted that the elephants were more likely to use branches for
scratching themselves. In these examples, the branches are tools, in the
sense that they are physical objects used in the pursuit of a goal, albeit an
ill-defined goal (i.e., reduction of discomfort).

A well-known example of tool use by mammals is the sea otter’s use of
stones to crack open shells.

The sea otter balances a stone on its chest, and then pounds a shell
against the stone. The rate of blows is quite rapid, i.e., about 2 per second.
The typical pattern of activity is to strike the shell against the stone a num-
ber of times (1–15) and then to test the shell, by biting it, to see if it has
cracked open. The process of hammering and checking can be described by
the TOTE model in Figure 2.2.

The only other example of mammalian tool-use that I have uncovered is
the use of rocks by polar bears. The bears will throw (or drop) rocks onto
seals or walruses during attack.

Table 2.3 shows instances of tool use by mammals.

Motor engagement: preadaptive or goal-directed?

Table 2.4 summarizes the activities covered in this chapter in terms of
motor engagement. The actions are fairly simple and tend to follow a sim-
ilar pattern, i.e., grasp objects in beak, claw, etc. and then move object in
rapid actions with limited control. The actions imply that the object
becomes a weighted extension of the limb holding the object. This supports

Table 2.3 Instances of tool use by mammals

Species Object Function Activity

Elephants Branches Scratching Hold in trunk
Polar Bears Rocks Throwing Hold in claws and throw
Sea otter Stones Hammering Carry in paws and hammer
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the earlier proposal that, for some animals, tool use represents a form of
preadaptive behaviour that builds upon existing patterns of activity.

For sea otters (and crows and finches), a more complex picture emerges.
First, the level of motor engagement can be more controlled, particularly in
the case of crows and finches removing insects using sticks. Second, the
motor engagement is demonstrably performed in pursuit of a goal, with the
animal checking the outcome of actions in order to determine that the goal
has been achieved. Third, the fact that the objects are selected and worked
upon suggests that some ‘value’ is attached to the object. In other words,
there seems to be perceptual engagement at play here; the animal responds
to the stone not as something in situ, i.e., as part of the environment, but as
something independent of environment and much more related to a partic-
ular goal. The notion of intentionality is then likely to arise from both cog-
nitive processes of stone selection (and transporting stones between sites) as
from the motor forms of engagement involved in manipulating the stones.

Discussion

The focus of this chapter has been on tool use across several species. An
interesting point to note is that tool use appears to be the exception rather
than the rule amongst animals. The point of this observation is that the abil-
ity to use tools does not seem to be merely an adaptation to the environ-
ment or an innate predisposition; if it were, then it is not clear why other
species in the same environment, or the same species in different environ-
ments fail to display such behaviours. With the possible exception of the
birds and sea otters, the behaviours appear to be part of action sequences
and it is not easy to see that the animals represent either the goal of the
action or the nature of the object in a manner to support adaptive and 
flexible behaviours.

For the most part, the activities reviewed can be considered in terms of
morphological engagement between animal and object, leading to motor
engagement in which the object is applied using existing actions.
Environmental engagement relates to the selection of the object and to 

Table 2.4 Summary of tool-use behaviours

Function Object Number of
occurrences

Throwing Stones, rocks, sand, water 4
Hammering Stones 3
Scratching Branches 1
Prying Twigs 1
Probing Twigs 1
Carrying Leaves 1
Brandishing Anenomes 1



simple checks on the outcome of the actions. The sea otters, crows and
finches all appear to define goals, and to relate their activity to these goals,
but it remains unclear as to the level of cognitive and cultural engagement
that is at work here. The issue to consider is how do cognitive forms of
engagement manifest themselves; in other words, what are the cognitive
dimensions of tool use? In order to address this question, Chapter 3 will
consider the use of tools by primates and human infants.
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An anthropomorphous ape, if he could take a dispassionate view of his own
case, would admit that … though he could use stones [for] … breaking open
nuts, yet that the thought of fashioning a stone into a tool was quite beyond
his scope … Nevertheless the difference in mind between man and the higher
animals, great as it is, certainly is one of degree and not of kind.

Charles Darwin, 1871

Introduction

While one might assume that ‘tool use’ is a characteristic of primates, 
observations conducted in the wild tend to suggest that only a limited set 
of species exhibit such behaviours. Thus, while primates might be considered
significant users of tools, it is not necessarily a defining characteristic of
many species of primates in the wild. For instance, orangutans might dis-
play limited tool use in the wild but are very adept tool users in captivity.
Furthermore, even within particular groups, tool use might vary. Thus, one
group of chimpanzees might use sticks as weapons while another might not,
or one group of chimpanzees might use tools for acquiring food, while 
others might not. This suggests that tool use, in these examples, is not 
simply a matter of a species’ abilities (as these can vary according to all
manner of contextual factors), nor simply a matter of environment (as sim-
ilar species do not all respond to the environment in the same manner). In
other words, we need to extend consideration of forms of engagement from
the basic environmental-morphological-motor pattern that characterizes
some animals, and include other forms of engagement. In this chapter, it
will be proposed that, like some of the birds considered in Chapter 2, 
primates exhibit perceptual engagement during tool use, but that, unlike
birds, there is ample evidence for cultural and cognitive engagement as well.

Tool use by chimpanzees in the wild

Jane Goodall reported observations of chimpanzees using tools in the wild
in the 1960s [1]. Since then there have been many observations of such
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behaviour. Table 3.1 summarizes a few of the studies that have been
reported. The letters refer to specific sites covered by specific reports. My
aim in producing Table 3.1 is simply to show the breadth of tool-using
activities that have been observed amongst chimpanzees. I have divided the
behaviours into specific activities. The object is the particular thing used,
and the focus is the purpose or goal of the activity. I have also classified
these behaviours into specific classes.

From Table 3.1, it is clear that there is a wide spread of activities, per-
formed by chimpanzees in the wild, that can be construed as forms of tool
use. However, not all chimpanzees show all of these activities. The most
common activities, in Table 3.1, relate to some form of display, e.g., throw-
ing, flailing and clubbing sticks and branches. Other activities seem to
depend on the availability of food, e.g., fishing for ants or termites, crack-
ing nuts, etc., and on some level of culture, i.e., tool use is restricted to spe-
cific populations and shared within that population. Clearly, the
chimpanzees are using objects found in their immediate vicinity to forage
for food in the immediate vicinity. As we shall see in Chapter 4, the objects
might undergo some form of modification, e.g., leaves may be stripped
from twigs, or selection, e.g., stones may be selected on the basis of their
weight. This suggests environmental engagement, in the availability of arte-
facts, morphological engagement in the selection of artefacts, perceptual
engagement, in recognizing the appropriateness of objects and selecting and
modifying these objects, sophisticated motor engagement in their use of the
objects and cognitive engagement in the ability to select an object as a
means to achieving a goal. Finally, of the 45 behaviours in Table 3.1, around
one-third (15 out of 45) are concerned with finding food, i.e., extracting or
foraging. These activities, rather than those related to aggression or display,
are proposed to exhibit characteristics that can be associated with the
notion of tool use being developed in this book.

Extractive foraging

In this section, studies of extractive foraging by chimpanzees will be
reviewed. The aim is to illustrate the range of activities that have been
observed in naturally occurring behaviour.

Ant dipping [2] has been observed to occur with a mean duration of
almost 20 minutes, with insertions at around 30 second intervals. This sug-
gests both that the chimpanzees were persistent in their actions and that
they repeated their actions in order to attain specific goals; in this case, hav-
ing ants to eat. At one level, this activity might be dismissed as a form of
operant conditioning, i.e., the intermittent feedback (ants on the stick) was
sufficient to reinforce the activity of dipping the stick into the anthill.
However, the regularity of the action, i.e., at 30 second intervals, and the
actions involved, suggest that some other explanation is more plausible.
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Table 3.1 Observed tool-using behaviours amongst chimpanzees in the wild

Activity Object Focus Class A B C D E F G H I Total

Fish Stick Termites Forage � � � 3
Dip Stick Ants Forage � � � 3
Dig Stick Termites Forage � 1
Fish Stick Ants Forage � � 2
Probe Stick Bees Forage � 1
Pick Stick Marrow Forage � 1
Gouge Gum Forage � 1
Hammer Stone Nuts Hammer/ Forage � � � 3
Club Branch Hammer � � � � 4
Flail Branch Display � � � � � 5
Sponge Leaf Water Carry � � � 3
Haul Branch Carry � 1
Napkin Leaf Self Groom � � 2
Groom Leaf Self Groom � � 2
Swat Stick Fly Groom � 1
Toothpick Stick Self Groom � 1
Scratch Stick Self Groom � 1
Leaf-clip Leaf ? � � 2
Throw Stick Display � � � � � 5
Tickle Stick Self Play � 1
Play Branch Play � � 2
Total 1 8 8 5 3 2 1 1 6 1

Key to sites: A: Gombe; B: Bassou; C: Kosije; D: Tai; E: Kanta sui; F: Assinik; G: Kanton Sapo Tuvai; H: Capo Okorobilko; I: Wamba, McGrew,
A-H; Ingmanson, 1996 – Wamba.



Viewing film of chimpanzees performing these actions, one cannot help but
anthropomorphize their actions and make assumptions relating to their
feelings of success, effort, frustration, etc. This is probably an inappropri-
ate response to the activity, but does tend to imply that behaviour demon-
strates a high degree of purpose. From a more objective perspective, it is
clear that the activities involve sophisticated motor engagement. For
instance, the chimpanzees hold the base of the stick in a firm grip using
teeth or foot, and then grip the middle of the stick between thumb and
index finger in order to manipulate the stick and move it around inside the
hole. The stick is manipulated in the hole for a period of time and then
extracted quickly, raised to the mouth and licked. This bimanual operation
signifies a well-developed form of motor engagement, and the required
coordination suggests a learned skill.

A further point to note is that chimpanzees will select sticks, for ant 
or termite extraction, according to definable principles, i.e., the diameter of
the selected stick is proportional to the hole to be dipped – too small 
and the insects might escape, too broad and it will not fit [3]. One inter-
pretation of this is that the chimpanzees have a ‘model’ of the type of 
artefact required for different contexts.

Using the term ‘model’ implies, I think, a cognitive approach to the 
problem, i.e., the chimpanzee might be assumed to calculate the required
diameter of a stick and then to search for one to meet this requirement.
Indeed, some researchers have proposed that it is necessary for chimpanzees
to, somehow, mentally represent the relationship between the tool, the
action to be performed and the goal. There are two reasons why I find this
proposal unconvincing. First, there are no reports of chimpanzees picking
up sticks that ‘might be useful’. In other words, there does not seem evi-
dence of chimpanzees selecting material for future use. From this, I deduce
that the chimpanzees do not need to hold a representation (‘model’) of 
‘useful sticks’ and do not need to use such a representation when they are
not engaged in termitting (or ant dipping). Compare this with the tendency
of people, when walking along a beach, say, to pick up stones or driftwood
and to assign some ‘meaning’ to the found object, e.g., this is pretty, this
would make a good flagpole for my sandcastle, etc. My proposal is that a
cognitive account would view the sticks as possessing ‘meaning’. An alter-
native account would be that a stick ‘affords’ a good fit into the hole, and
that matching of the stick’s properties with the hole’s constraints could be
learned after a few years of trial and error. This is not to deny that the abil-
ity to ‘see’ whether a given stick will fit a given hole is not a skill, but sug-
gests a different set of processes than would a cognitive account. By analogy
with human activity, one can imagine ‘seeing’ whether a table would fit
through a doorway; it is not necessarily to cognize the nature of the table or
the size of the door, but it is important to perceive the relative dimensions
of these objects. This notion of affordance will be explored in more detail
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in Chapter 5, when discussing the nature of craftwork. This does not mean
that ant-dipping need not involve cognitive engagement, e.g., the chimpanzee
needs to recognize that using a stick is an appropriate way of achieving a
goal. However, given that ant dipping is often performed by a group, there
remains the question as to whether this represents a cultural engagement, 
in that the group possesses knowledge about ant dipping that members
acquire. In this respect, one could propose that the chimpanzee is repeating
the activities of other group members, rather than engaging in cognitive
activity of its own.

An impressive (although less commonly reported) behaviour is the extrac-
tion of honey from a bees’ nest in a tree [4]. In this behaviour, a chimpanzee
was observed to use no fewer than five tools. A stick chisel was used to break
into the bees’ nest in a tree. The chimpanzee would grip the stick and bang
against the nest. Next, a smaller chisel was used to widen the gap. Following
this, a pointed stick (held in the teeth and hand) was used to puncture the
inside of the nest. Finally, a stick was used to dip into the nest and extract
the honey. The level of intentionality involved in this sequence of tasks is
very interesting, as is the use of a ‘tool set’ used to support the various tasks.
This example suggests stronger support for cognitive, rather than cultural,
engagement in that the chimpanzee has developed and perfected a set of
activities through which the main goal is decomposed into subgoals and each
subgoal attacked using different tools. This need not mean that the chim-
panzee was able to plan the activity to any great extent beforehand, but
rather that the activity could be structured in a manner that allows efficient
response to changes in the environment. Thus, the activity could have pro-
ceeded through trial and error or through importing known activities, such
as hammering and probing, to a new situation. As mentioned earlier, one of
the notions of cognition in this book is that cognition involves the ability to
shape one’s world through one’s actions, and the chimpanzee in this exam-
ple would appear to be demonstrating such behaviour.

Finally, one of the best-known examples of chimpanzee tool-use is in the
hammering of nuts, using stones or pieces of wood, to remove the kernel.
In one study [5] the chimpanzees were observed to first gather together a
collection of nuts and then carry them to a raised tree root. A nut is placed
in an indentation in the root, and the chimpanzee hammers the hard shell
until it splits. The selection of a hammer (a stone or a branch) seems to
depend on the hardness of the nut to be cracked, with different species of
nuts requiring different types of hammer. The hammer typically weighs
between 1 and 5 kg. The chimpanzees will spend long periods of time, 
up to 2.25 hours a day over the four months when the nuts are in season.
Suitable stones (or pieces of wood) can be scarce in the forests, and chim-
panzees appear to memorize the location of (up to five) stones, in order to
retrieve one that is near a given tree. Stones can also be transported across
the site, although it is not clear whether (or why) stones would be transported
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between sites; if the chimpanzee knows the location of a suitable stone near
a specific tree, it is not necessary to move other stones. The observation that
chimpanzees can recall the location of stones at specific sites implies that
the chimpanzee attaches value to the stones as instruments for cracking
nuts. Chimpanzees, like many other animals, appear to be very good at
locating buried or seasonal foods and may well have a good memory for
location of such foods; the positioning of stones, therefore, could form part
of their memory for the activities associated with eating nuts.

In terms of motor engagement, nut cracking is most efficiently demon-
strated by adult females. This suggests that the activity involves a set of
skills that take some years to acquire and develop. The idea that nut crack-
ing represents skilled activity further hints at a level of cognitive engage-
ment, in order to coordinate complex patterns of activity. As Vygotsky
observes, ‘ …intelligent behaviour as expressed in tool use, is first of all a
particular way of acting upon the surrounding world… ’ [6].

It is worth noting that most observations of nut cracking (and other for-
aging examples of tool use by chimpanzees) focus on female members of a
group. It is also worth noting that it is the females who instruct younger
members of the group in these practices (see later). An interesting explana-
tion of this observation is that the females need to find more food than
males, because the females have high demands for nutrition and food when
they are pregnant, nursing young or sharing with young offspring, whereas
the males would forage solely for themselves [7]. The fact that females use
tools and share this knowledge with their young suggests a far higher level
of cultural engagement than observed in other animals. Before considering
cultural engagement, I will focus on tool use by other primates in the wild
and also the use of tools by primates in captivity.

Tool use by primates in the wild

Many species of primates throw or brandish sticks, i.e., macaques, gorillas,
baboons, capuchins, orangutans and chimpanzees. Capuchin monkeys have
a high degree of prehensility and thumb opposability, so are able to manip-
ulate artefacts relatively well. However, most of the observed tool-using
amongst this species is confined to the use of sticks as weapons, e.g., to club
snakes or other attackers, or as a means of pulling food towards them. They
have, however, been observed using stones to crack nuts, and pounding
fruit against trees, as have baboons (see Figure 3.1). However, compared
with the breadth and sophistication of chimpanzee tool-use, other primates
tend to show more mundane tool-using behaviours. It is a moot point as to
whether the tool use of capuchins and baboons is ‘deliberate’, in the sense
of being performed with anticipated outcomes, or whether it is the result of
the destructive foraging practices of these primates. In other words, it might
be that the nut cracking observed amongst capuchins differs fundamentally
from that observed amongst chimpanzees. What is interesting in these 
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observations is that these species would appear to share many morphologi-
cal and environmental attributes with chimpanzees, and yet do not employ
objects in anything like the same manner.

Tool use by primates in captivity

Many of the activities that were reviewed could be characterized as relating
to subsistence, grooming or aggression – although many instances of the
‘aggression’ activities could be as much to do with playing as with any real
need to cause harm or challenge a rival. The notion of ‘play’ implies that
the animals could engage in tool use even in the absence of direct reward.
Thus, it is interesting to consider what happens when subsistence needs are
removed, i.e., when these animals are placed in captivity?

Two studies have compared large numbers of captive animals on simple
object-manipulation tasks. For example [8], when zoo animals are shown
objects that were new to them, capuchins and chimpanzees tend to show
the widest range of responses to these objects, particularly in terms of
manipulation. Such studies suggest that the primates were more likely, than
other species, to play with the objects.

Köhler’s studies

One of the most famous publications on primate tool-use is Köhler’s
descriptions of the behaviours of captive chimpanzees on Tenerife, during
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Figure 3.1 A Capuchin monkey using stones to crack open nuts in Brazil, and a
Chimpanzee using a piece of wood to crack open nuts in the Congo.

Source: BBC Wildlife 21 (2).



the First World War. His work is best known for introducing the concept of
‘insight’ to theories of problem solving. For Köhler, Einsicht could be
thought of as ‘insight’ or ‘intelligence’ and was related to the grasp of the
structure of a situation based on the interconnection of properties. In other
words, when solving problems the chimpanzees would arrive at solutions
that were ‘ … complete wholes which may, in a certain sense, be absolutely
appropriate to the situation’ [9]. It is worth noting that the ‘solutions’ were
not always correct; indeed, Köhler speaks of ‘good errors’, in which the
chimpanzees fail to solve the problem but perform an action that has a cer-
tain logic to it. For example, a group of chimpanzees were attempting to
open a heavy iron door, but a large stone was blocking the door’s move-
ment. The chimpanzees then attempted to lift the door over the stone. At
one level, the action is absurd and shows limited understanding of the basic
mechanics of the door. At another level, the action addresses the problem
of how to make the door avoid the stone. What is interesting about these
observations is that they tend to reflect some of the notions of cognition
presented in this book, i.e., the chimpanzees were able to define a problem
and seek ways to act upon the world in order to solve this problem. It is
irrelevant whether their solutions were correct or not, but essential to note
that they were making associations between current state of affairs and 
a goal state, and using their knowledge of objects to define appropriate
actions.

Köhler’s studies typically took the form of presenting a chimpanzee with
a reward, usually fruit, that had to be obtained by overcoming an obstacle.
Thus, he might place a banana on the outside of the cage housing the 
chimpanzee such that it is just beyond the reach of the outstretched hand.
The chimpanzee would then succeed in obtaining the banana by using a
stick.

As noted earlier, the practice of using sticks to reach for food has been
observed in several primate species in the wild. What is interesting is
Köhler’s observation that the chimpanzees were able to join two sticks
together, e.g., they might push a thinner bamboo cane into the top of a fat-
ter one in order to produce a longer stick (see Figure 3.2). This adaptation
of the object, i.e., production of a new tool, is not something that is gener-
ally observed in the wild. In later observations, another researcher showed
that the majority of captive chimpanzees in the study (31 out of 48) sponta-
neously joined two sticks together, even when there was no reward [10].
This suggests that the joining of sticks is as much a form of motor engage-
ment as cognitive. Indeed, whilst Köhler’s notion of ‘insight’ suggested that
the chimpanzees joined the sticks as a consequence of their meditation on the
problem, it is equally plausible that the joining of the sticks (through manip-
ulative play) suggested a solution. This suggests to me a form of perceptual
engagement in which the properties of the object ‘afford’ achieving the goal.

Of particular significance for the discussion in this book is the 
question to what extent do Köhler’s studies indicate that the chimpanzees

34 Tool use by primates and young children



are using ‘models’, i.e., representations, of the artefacts they employ? An
interesting aspect of Köhler’s work is that the chimpanzees could be
thwarted in their problem-solving. For instance, if a piece of fruit was
placed outside a cage and one stick placed on the floor of the cage facing
the fruit and a second stick placed in a different part of the cage, the chim-
panzee would not collect both sticks to join them; it was as if the stick near
the fruit was part of the ‘problem space’ and the other stick was not con-
sidered. This suggests that one ought to be a little careful about overly
applying the notion of ‘model’ or representation to chimpanzees’ tool-using
behaviour.

There continues to be a debate as to whether Köhler’s chimpanzees solved
the problem through a sudden realization of the solution (and Köhler is
incredibly anthropomorphic in his discussion of the animals’ behaviour,
even down to their moods and facial expressions), or whether the solution
was arrived at through trial and error. It is worth noting that even Köhler’s
own writing suggest that the ‘insight’ was often followed by further periods
of trial and error, implying that if the chimpanzees had arrived at a solu-
tion, they had not consolidated (or learned) it. Vygotsky noted that ‘ …the
extremely limited nature of the life of representations is a characteristic trait
of the chimpanzees’ intellect and … these animals as a rule already turn to
a blind mode of action when the visual situation becomes just a little bit
unclear or optically confused’ [11]. The implication is that the chimpanzee
does not appear to be able to restructure the space of the problem (i.e., to
decide to fetch another stick to join to the one near the fruit). Thus, the level
of cognitive engagement that chimpanzees apply in tool use is primarily
focused on the immediate interaction between themselves, their world and
the goals they have set.
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Figure 3.2 Sultan joins two sticks into a single tool.



However, chimpanzees do appear to demonstrate other levels of cognitive
engagement, e.g., in their ability to generalize solutions to problems, and to
assign ‘meaning’ to the tools they use. Vygotsky proposes, ‘ …the use of
tools presupposes an understanding of the objective properties of things’
[12]. For chimpanzees, it is important to be able to develop functional 
associations between objects and goals. Köhler noted that from his 
observations ‘ …the stick … acquired a certain functional or instrumental
value in relation to the field of action under certain conditions and … this
value extended to other objects that resemble the stick, however remotely…’
[13]. Thus, chimpanzees attempted to perform ‘fetching’ activities using
twigs that were too weak or even pieces of string. This suggests the ability
to form associations of object with goal, albeit in a manner that could lead
to problems.

Primate and human infant development

Seymour Papert describes tools as ‘objects to think with’, not just to use 
(the notion of ‘things to think with’ was propounded by Levi-Strauss 
and will be developed further in Chapter 7). Papert describes playing 
with gears in his childhood in an attempt to understand the mathematical
ratios that governed them, ‘ …playing with gears became a favorite 
pastime. I loved rotating circular objects against one another in gearlike
motions… I became adept at turning wheels in my head and at making
chains of cause and effect: “this one turns this way so that must turn that
way, so… ” ’ [14].

It is generally assumed that primates attain sensorimotor proficiency
faster than human infants. Prehensile activities can occur at different ages
for different apes, e.g., squirrel monkeys demonstrate motor skills at 
10 weeks, capuchin monkeys are able to demonstrate varied precision grips
and some bimanual actions at around 13 weeks, which is younger than
chimpanzees and much younger than humans. Furthermore, capuchins are
able to form combinatorial actions, such as dip for honey, at around 
12 months, while chimpanzees typically perform similar actions, such as 
termitting, at 3 years.

Primates are less quick to attain preoperational thinking (around 
4–8 years for the apes and 2 years for humans). For example, in one study
[15] capuchin monkeys are presented with a perspex tube with a peanut
placed halfway down a tube. Retrieving the peanut requires the use of a
stick. After 2 hours, 3 of the 6 capuchins tested could use the stick. All of
the children over 18 months who were tested could solve the problem with
ease. Another very common task, is to give a rake (or L-shaped stick) to pri-
mates with a bowl of fruit. After some practice, the primate might be able
rake the fruit from the bowl. In another study, hamadryas baboons, after
some 12 hours of trial and error practice can perform the task proficiently
[16]. Young chimpanzees seem to be quite poor at this task, with one study
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showing only 2 out of 6 chimpanzees (aged around 4 years) able to perform
the task at first. However, after a period of 3 days, during which the chim-
panzees were allowed to play with the stick, all 6 chimpanzees performed
the task in less than 20 seconds [17]. This emphasizes the importance of
play, in terms of developing object manipulation skills.

In order to perform even these simple tasks, it is necessary for the animal
to be able to perform fine motor activities, to be able to coordinate motor
activities into seamless wholes, to be able to perceive elements of the world
as belonging to significant groupings and to associate appropriate motor
responses to these groupings. This implies an ability to learn associations
(rather than to merely exhibit S–R pairings). Thus, 3–5-year-old children
allowed to play with objects show more goal-directed responses and more
complex actions than those who had no prior experience [18]. Play seems
to support two distinct types of activity: object exploration, in terms of
manipulation and acquiring information about the properties of objects,
and object play, in terms of learning about the activities that can be 
performed using objects.

Cultural engagement

For Piaget, the things that children played with were seen as ‘neutral’
objects, i.e., there was no sense that these things carried meaning other than
their physical properties. For Vygotsky, the objects existed as cultural signi-
fiers and were interacted with in terms of cultural norms. In other words,
children’s play with objects is mediated by the people around them, and
these people imbue the objects with significance: both in terms of the 
naming and meaning of the objects, and also in terms of appropriate
responses with those objects. For instance, a bowled object on a handle is
called a ‘spoon’, it is used to carry food from the bowl or plate to the
mouth, it is gripped in the hand and is rotated during the movement from
bowl to mouth. However, when one learns to use a ‘tool’, one does not
merely learn the appropriate morphological and motor engagements
(although these are, of course, essential). Rather, one learns the accumu-
lated knowledge and attitudes of a culture that the tools represent. The tool
poses a ‘correct’ way of working, which represents an accepted mode of
operating on the world and the objects it contains. Thus, in the example of
the spoon, the bowl of desert spoons tend to have similar dimensions; this
might reflect bowl relation to size of human mouth, or the minimum
amount of material used for manufacturing processes, but might also reflect
particular attitudes to how Western cultures view the activity of eating, e.g.,
there are various rules of etiquette governing how to hold a spoon, how
much food to put onto the spoon and how to eat off the spoon.
Furthermore, the grip that is appropriate for a desert spoon being used for
ice cream is markedly different from the grip used to hold a soupspoon
being used for soup.
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Much of what Vygotsky had to say about tools related to the transfor-
mation of object manipulation into higher-order cognitive functions, 
which takes place through ‘enculturation’. As we saw earlier, children 
can easily use tools by 18 months of age, e.g., they can use a stick to 
reach a toy. Chimpanzees can also use tools to manipulate objects. At 
first, children appear to behave very much like chimpanzees when trying to
solve practical problems, e.g., in terms of trial and error or in terms of
manipulative abilities, but from the age of around 2 years, children will talk
while trying to solve a practical problem. Vygotsky proposed that children
use speech as an instrument to organize their behaviour. Indeed, he showed
that if children were prevented from speaking, e.g., by having them keep 
a pencil between the teeth, they were less able to solve problems. Thus, 
practical intelligence begins to be encultured as soon as children acquire
language.

This suggests that the way that we talk about tools can have a profound
effect on how we use tools. This idea of a language of tool use is explored
in Chapter 7. However, even in the absence of verbal ability, there appears
to be a set of components of tool use that can be considered in terms of 
language, e.g., relating to how one ought to hold a tool, the sort of move-
ments that can be made when using the tools, and so on. In his observations
of mother–child chimpanzee pairs during nut cracking, Boesch [19] noted
that the mother would attempt a variety of pedagogical strategies. These
might involve stimulation of the child’s interest, e.g., by leaving the hammer
stone at the anvil so that the child could play with it and imitate the older
chimpanzees, and facilitation of the child’s activity, e.g., the mother might 
provide ‘good’ hammer stones and nuts that are not difficult to crack. 
In addition, the mothers often exhibit active teaching, e.g., the mother
might position the nut prior to striking or demonstrates the best orientation
of hammer. According to Boesch’s observations, such interventions occur
with a high regularity, i.e., once every 5 minutes. In this study, the ‘lan-
guage’ used related to the structuring (syntax) of the task and to the signif-
icance (semantics) of the objects used.

For both human infants and chimpanzees, the acquisition of tool-using
abilities appears to involve both object exploration and some form of
instruction by an experienced (usually adult) user of the tools. However, it
is interesting to note that the process of instruction appears to differ
between these groups, particularly in terms of how the learner responds to
the instructor. ‘For human children, the goal or intention of the demon-
strator is a central part of what they perceive and, thus, her actual methods
of tool use – the details of the way she is attempting to accomplish that 
goal become salient. For chimpanzees, the tool, the food, and their physical
relation are salient; the intentional states of the demonstrator and her 
precise methods, on the other hand, are either not perceived or seem less 
relevant.’ [20]
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Discussion

The broad conclusion of this chapter is that chimpanzees demonstrate all 
of the forms of engagement proposed at the start of this book. This suggests
that their tool-using capabilities are more sophisticated than other animals.
The selection and modification of objects, partly through play and 
exploration, partly through enculturation, and partly through seeing the
relationship between tool and goal, illustrates the breadth of cognitive
engagement that can be seen in the behaviour of chimpanzees. The use of
environmental engagement, of responding to the affordances of objects in
the world, is similar to some of the observed behaviours of birds and mam-
mals. However, the chimpanzee shows an ability to generalize skills across
domains (particularly when observed in captivity). This implies a level of
understanding of the nature of the objects-as-tools. That chimpanzees are
observed to make quite fundamental mistakes in their behaviours suggests
that their representations are incomplete and not always appropriately gen-
eralized. However, the nature of the mistakes often provides telling support
for the proposal that some form of representation is possibly being used.
What is less obvious is how one can distinguish between those behaviours
that are possibly based upon responding to the affordances of objects, and
those behaviours that require some type of representation. Finally, the most
striking characteristic of chimpanzee tool-use is the level of cultural engage-
ment through which tool-using behaviours are shared and transmitted
within a group.
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The systematic making of tools of varied types required not only for imme-
diate use but for future use, implies a marked capacity for conceptual
thought.

Kenneth Oakley, 1972

Introduction

In Chapter 2, tool use was stretched to include almost any object that is
used by an animal to perform a task. It was proposed that tool use in ani-
mals is typically related to environmental and morphological engagement.
This means that tool-using activities can be linked to both environmental
opportunity and to a propensity for the animal to behave in a certain man-
ner, either through innate behaviours or through adaptation. In Chapter 3,
the use of tools by primates, especially chimpanzees, was shown to exhibit
additional forms of engagement such as cognitive and cultural. In this chap-
ter, the focus will be on the modification of objects found in the environ-
ment in order to manufacture tools.

In his work on the human hand, Napier proposed that tool use amongst
animals involves, ‘…an act of improvisation in which a naturally occurring
object is utilized for an immediate purpose and discarded’ [1]. Such objects
have been called ‘naturefacts’. Thus, the Mud Wasp uses a stone to tamp
down mud over an egg and then discards the stone. The object is not car-
ried beyond the immediate vicinity of use. When the animal moves to a new
site, a new object is found and used. Furthermore, it is unlikely that the
object obtains any special significance, i.e., it is hard to conceive of the wasp
finding a twig or stone and thinking ‘that would be useful for mud tamp-
ing’ and carrying it for future use. In all probability the availability of the
object in the environment, combined with appropriate cues, will be suffi-
cient to elicit the ‘tool-using’ response. The fact that most members of the
species exhibit such behaviours in a stereotyped manner further implies that
the response is innate.

Other forms of tool use require objects to be taken from nature 
and changed in some fashion in order to produce ‘artefacts’. The two 
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primary means by which artefacts are produced are modification and 
making.

Chimpanzees, other primates and some birds show a different pattern of
tool use to other animals. It was proposed, in Chapters 2 and 3, that in
addition to environmental and morphological engagement, many of the
tool-using activities of these animals illustrates perceptual engagement.
Whilst some of the activities, such as nut hammering, make use of available
objects, others involve some change to given objects. Napier refers to such
action as tool modifying and describes it as ‘…adapting a naturally occur-
ring object by simple means to improve its performance: once used it may
be discarded or retained’ [2]. Modification usually involves some form of
reduction, e.g., removing leaves from a twig, but could also involve 
conjunction, e.g., joining two sticks as in Köhler’s studies.

For some writers, tool modification necessitates cognition, i.e., in order
to shape the stick for ant or termite fishing, the chimpanzee must ‘represent’
(imagine or model) the required dimensions. As I proposed in Chapter 3,
this is not a necessary argument: it is feasible that modification is primarily
a perceptual process, arising from the principles of affordance proposed by
Gibson [3]. From this perspective, object relationships in the world 
‘resonate’ with specific cortical structures, enabling the viewer to ‘see’ pat-
terns of object-action. An often used example relates to the trivial action of
opening a door: one approaches the doorknob, recognizes that its spherical
form supports a particular form of grasp and reaches out with one’s hand
in an approximation of this grasp. Further, as one knows how doorknobs
turn, e.g., rotate away from the doorjamb in order to open the latch, then
the grasp is angled to apply maximum torque for this operation. It is an
interesting study to stop oneself when reaching for doorknobs (or taps/
faucets), just prior to grasping and looking at the posture of one’s hand; the
posture is seldom appropriate for simply grasping the object, but is appro-
priate for performing the action [4]. In other words, the simple act of reach-
ing for an object in order to manipulate involves not merely forming the
hand into an appropriate grasp, but also posturing the hand to produce an
appropriate effect. Indeed, the ‘decisions’ involved in shaping the hand
seem to be made quite early in the movement. The point that I am making
here is that it is feasible for the animal to employ a sense of the affordance
of objects, such as twigs, and for tool use to involve environmental engage-
ment, i.e., for the chimpanzee to ‘see’ that a given hole in a termite mound
requires a twig of a certain diameter. This is not to deny that such percep-
tion is complex, that it is not learned and developed through experience and
practice and that it is not prone to error (all of which indicate that a level
of skill and proficiency is required).

Even when animals modify found objects, they always use teeth or hands
to make fairly rudimentary modifications. In his studies of captive chim-
panzees, Köhler noted that the chimpanzees were able to join sticks
together, suggesting a slightly more sophisticated process (i.e., constructing



a new tool rather than merely removing leaves), and suggested that this was
a cognitive process. However, as we saw in Chapter 3, spontaneous joining
of sticks is common in captive chimpanzees and may well reflect motor
engagement with the objects, as well as play. The point to note is that, to
date, no chimpanzees have been observed using objects to manufacture
objects; in other words, there is no evidence of any animal using ‘secondary
tools’ in the wild, apart, that is, from humans.

For Napier, tool using and tool modification are distinct from tool mak-
ing, which he defines in terms of the following process: ‘ … a naturally
occurring object is transformed in a set and regular manner into an appro-
priate form for a definite purpose’ [5]. To this extent, tool making is a
development of other tool-related activities. Again, for some writers, tool
making implies a high degree of cognitive sophistication. One argument is
that tool making distinguishes humans from primates because it involves
more ‘cognition’.

Making stone tools

In his account of tool making by early hominids, Oakley writes that the
trimming of sticks for ant dipping or termite fishing by chimpanzees, ‘ … is
a far cry from the systematic making of stone tools … which evidently
required much premeditation, a high order of skill and an established tra-
dition implying some means of communication’ [6]. While I am broadly
sympathetic to this quotation, particularly in terms of the emphasis on skill
and culture, I am less convinced by the notion of premeditation, which
reflects, I feel, a particular stance of the animal–human distinction.

There is a tendency, in much of the literature on tool making to place too
great an emphasis on the cognitive aspects of tool making; in other words,
researchers have too readily assumed cognitive engagement without think-
ing through other forms of engagement. Thus, one might read that stone
tools require the maker to have a form in mind prior to working the stone.
But this is much the same argument that applies to chimpanzees stripping
twigs; it is not necessary to hold an image of the resultant artefact prior to
construction. Indeed, as we shall see in Chapter 5, skilled craftworkers do
not typically formalize a complete object prior to construction, but are
much more likely to work towards a form while responding to changes in
the material that they are working upon. In other words, there is far more
environmental, motor and perceptual engagement in such work than cog-
nitive engagement. Of course, this proposal hinges on one’s interpretation
of cognition; if one assumes that cognition involves planning and premedi-
tation on an action, then it should be clear that these actions do not require
a great deal of cognitive engagement. On the other hand, one needs to 
make judgements pertaining to the progress of the work, intermittently dur-
ing the process, and these judgements will guide, coordinate and control the
process.

42 The making of tools



In broad terms, the making of stone tools involved the removal of flakes
from a core, by striking the core with other stones or hard material, such as
antler or bone. This is, in my experience, an incredibly difficult activity;
knowing how to hold the stone, the angle at which to strike it and how
much force to use are all significant challenges to the novice flint knapper.
Originally, palaeontologists proposed that the core represented the ‘tool’
and the flakes were a by-product of the manufacturing process [7]; some of
the flakes could be used for cutting and others were waste (‘debitage’). The
notion of the core forming a tool probably led to the assumption that mak-
ing stone tools involved manipulating the core to form a predetermined
shape, and that this shape was held as a model or template by the tool-
maker. However, this account is not necessarily true of all forms of stone-
tool making. As Toth and Schick point out ‘These core forms are not
necessarily tools, nor do they necessarily correspond to “mental” templates
held by early hominids’ [8]. In order to appreciate what might be happen-
ing, experimental archaeologists have sought to reconstruct stone tools and,
through this, to determine how stone tools could have been made.

The process of making stone tools typically involves some form of flint
knapping. Oakley [9] observed twentieth-century flint knapping, in the
south of England, related to the manufacture of gunflints. From his
account, one can gain much insight into flint knapping. A large block of dry
flint is placed on the knapper’s knee. A 5 lb, steel-faced hammer is used to
tap the block, and the sound the block makes indicates the plane of weak-
ness in the block. A heavy blow from the hammer across the plane of 
weakness is sufficient to split the block into four pieces. The knapper then
takes one of these pieces and, with a lighter hammer, strikes off parallel-
sided flakes in order to form a fluted cone. This requires the knapper to
hold the piece in one hand and strike with the hammer, rotating the piece
in the hand between strikes. Finally, the cone is hammered on an anvil to
produce sharp-edged rectangles.

The points to note from this description are (i) the process involves sev-
eral senses: hearing, vision and touch; (ii) both tool and workpiece are
manipulated, with the two hands working together; (iii) the finished prod-
uct arises from the nature of the material, i.e., one might not be able to pre-
dict how the four pieces will split when the block is struck and one might
not be able to determine precisely how much material will be removed on
each blow. Thus, the knapping of flint becomes very much a process
through which several forms of engagement are at play, with the need to
continuously modify performance in the light of changes in the material.
This means that, rather than working to a ‘template’ and a ‘plan’, the flint
knapper will interact with material and tools in an ongoing and continu-
ously changing process. This is not to deny that decision-making is per-
formed throughout the task, with the knapper interpreting perceptions and
relating these to the overall goal of producing the gunflints. Reflecting this
back to the making of early stones, one can propose that ‘ …the ability to
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envisage such geometric relations as symmetry of platform and cross 
section, and the ability to create a straight or regular edge… ’ [10] become
key requisites for making stone tools. My feeling is that an appreciation of
how stone fractures and the consequences of hitting across a particular line
represents knowledge accumulated through practice and that this knowl-
edge informs and guides activity. Furthermore, such knowledge would seem
to be more detailed than that required to use stones to crack nuts; both
activities can progress in a TOTE manner (see Chapter 1), but the knapping
of flint requires a host of considerations that are not relevant to nut-crack-
ing. Thus, even the most rudimentary of flint knapping can appear to have
a requirement for cognitive engagement. However, as we shall see later, cog-
nitive engagement is not a necessary component of such activity. Before
examining different forms of stone tool, it would be useful to develop the
comparison between flint knapping and nut-cracking with a consideration
of whether primates can produce stone tools.

Studies of primates working stone

While there are no observations of primates making tools, or working
stone, in the wild, there have been attempts to teach captive primates basic
stone-tool making. Thus, in one study, an orangutan was taught to fashion
a stone flake that could be used to cut string, in order to open a box and
get food [11]. In this study, the core stone was fixed in place, and pre-
shaped, so the orangutan did not have to make any decisions about where
to hit the core or how to grasp it or even how to wield the hammer; the trick
was to hit with the hammer stone until a flake dropped off. Having said
this, it is noteworthy that the orangutan was able to produce flakes consis-
tently and that it persisted in the activity (rather than refusing to work with
the stone). A more important point to note is that this study indicates that
it is possible for apes to use tools to make tools (although this is not some-
thing that is observed in the wild).

In a series of studies, a captive chimpanzee, Kanzi, was taught the hard-
hammer percussion technique for stone-tool making [12]. The flakes would
be used to cut string that held the lid of a box containing food. Kanzi, a 
10-year-old Pan Paniscus, had participated in many studies relating to 
language learning. After some nine months of teaching, practice and trial
and error, Kanzi was able to produce flakes from core stones. The flakes
resembled Oldowan pieces. Before progressing, it is probably worth recall-
ing that any controlled impact on stone could produce Oldowan-like flakes
and cores, so the question is whether Kanzi was producing ‘tools’ in any
meaningful sense (or whether he had learned to remove flakes from stones)?
In broad terms, Kanzi did not seem to appreciate that angle of impact 
influenced the produced flake, but tended to hammer forcefully and ran-
domly. Indeed, his favourite method of producing flakes was to hurl the
stone onto the floor. In her account of his activities, Savage-Rumbaugh 
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tells how she laid carpet on the concrete floor to prevent him throwing 
the rocks; only for Kanzi to lift the carpet in order to reveal the concrete
floor and to resume throwing. In a further development, Kanzi learned to
place one stone on the floor and then throw another stone at it to produce
flakes.

As the researchers pointed out, Kanzi tended to hit the stones with too
little force, with blows angled too steeply (i.e., at 90� rather than at the
angle of 75–80� required to produce flakes), and tended to produce small
(i.e., �4 cm) flakes. Whilst this might indicate poor performance, it is not
obvious that the impairment is cognitive so much as morphological, i.e., the
long fingers and short thumbs of chimpanzees make it difficult to grasp the
hammer stone in a manner to produce a good, clean glancing blow.
Consequently, one might anticipate many of the problems that relate to the
substandard flakes he produced. Does this mean that Kanzi was unable to
engage with the production of the stones in a cognitive manner? The answer
to this question is not immediately apparent. Clearly, Kanzi was able to for-
mulate appropriate solutions to the problem of producing flakes, and could
demonstrate several strategies. Furthermore, he was able to consistently
apply these strategies. Finally, the production of flakes was directed towards
the goal of cutting string to gain access to food. On any measure of cogni-
tive performance, these are clearly indicators of good performance. What
seems lacking is the concept of shape of the flakes and, more obviously, the
notion of working the core to produce a bigger, stronger and sharper flake.
Having said this, it is clear that Kanzi was producing tools that were suffi-
cient for the goal of cutting string, but was not working to a goal of mak-
ing artefacts of specific shape or appearance. This raises the question as to
what sort of stone tools were produced by early hominids?

Types of stone tools

There are different approaches to the classification of stone tools. In this
section, I will consider two main types: Oldowan and Acheulean. Whilst 
I have opted for considering specific ages, it is worth noting that the ability
to make specific types of tools tended to cross ages and places, i.e., there is
no simple, linear progression from very simple to complex tools.

Oldowan tools

Pebble tools have been dated as being made some 2–5 million years ago.
These tools originated primarily in Africa, and some of the best-known
examples were found in the Olduvai Gorge. The location gives these tools
the name Oldowan. Such tools are associated with Homo Habilis (although
they could also be linked to australopithecines).

The pebbles, usually of quartzite, were shaped into choppers by flaking
in two directions, i.e., hammering alternately at one side and then the other.
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