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ABSTRACT

i

Menzel, Savage-Rumbaugh and Lawson (1985) have demonstrated that chimpanzees

can use mirror or video images of their hands to direct their search for a hidden target

that is only visible in the mirror or television, and concluded that monkeys were

probably incapable of such behaviour. The following series of experiments tested for

the presence of image-guided behaviour in two species of mangabey (Cercocebus t.

torquatus and C. a. albigena). The apparatus consisted of a wooden bait-board with

30 compartments attached to the side of the test cage with the compartments facing

away from the subject. During a trial the subject reached through the mesh of the test

cage to search the bait-board for a single peanut. In Experiments 1 and 2 a mirror

directly opposite the bait-board reflected the apparatus and target. By the end of

Experiment 2 five out of thirteen subjects performed significantly better on mirror

trials versus no-mirror control trials; they were chosen to participate in the video

protocol. In Experiment 3 the mirror was replaced with a monitor showing a

simultaneous video image of the bait-board and the subjects' search attempts. All

subjects adapted immediately to the new image and had greater success with the video

image than without. In Experiment 4 the orientation of the image changed from one

trial to the next, alternating at random between standard, reversed, and

inverted/reversed trials, such that there was no fixed relation between the position of

the image of the peanut and the peanut's actual location. The performance of three

subjects suggested that they were capable of image-guided behaviour, whereas the

fourth subject appeared to rely on a highly efficient blind search strategy and the fifth

subject on two separate visuo-motor adaptations. A transfer test in which the peanuts

were placed in novel locations provided further evidence of image-guided behaviour in

the first three subjects: they were able to find the peanut on transfer trials, whereas the

other two subjects rarely reached to the novel target locations. Thus three mangabeys

from these experiments demonstrated performance on a video-guided search task

comparable to that shown by Menzel et al.'s chimpanzees.
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Mirrors and minds - cognitive components underlying awareness.

Introduction

Tschuang-Tse and Hui-Tse were standing on the bridge across the Hoa river.
Tschuang-Tse said: "Look how the minnows are shooting to and fro! That is
the joy of fishes."

"You are not a fish," said Hui-Tse, "how can you know in what the joy of
fishes consists?"

"You are not I," answered Tschuang-Tse, "how can you know I do not know
in what the joy of fishes consists?"

"I am not you," Hui-Tse conceded, "and I do not know you. All I know is that
you are not a fish; therefore you cannot know the fishes."

Tschuang-Tse answered: "Let us return to your question. You ask me: 'How
can you know in what the joy of the fishes consists?' Essentially you knew
that I know, and yet you asked me. No matter: I know it from my own joy of
the water." (From "The Old Chinese Tschuang-Tse")1

Recently the field of psychology has seen a resurgence of interest in topics that

were once considered taboo, but that are now being given serious scientific scrutiny: to

wit, the nature of animal and human awareness. As Burghardt (1985) points out, G. J.

Romanes and C. Lloyd Morgan were among the early psychologists who sought to

address the question of animal awareness, until the strict behaviourism of Watson

eliminated any study into subjective experiences (animal or human). The cognitive

revolution within psychology reintroduced some mentalistic terms such as expectation

and representation, but questions about the subjective world of other animals were still

largely ignored until Griffin (1976, 1978) called for the scientific study of the mental

experiences of other animals.

'Quoted in Burghardt (1985), who notes that Bierens de Haan translated the story from Hempelmann.
who in turn cited Martin Buber as the source.
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Ultimately it is impossible to know with certainty whether other animals have

mental states, and to divine the nature of their subjective experiences; we cannot even

experience the mind of another human directly, much less that of another animal. As

Whiten (1993, p. 383) notes:

When we talk ofmindreading or ToM [Theory of Mind] even in adults we are
not meaning telepathy. We do not look directly into people's minds, but rather
we can watch only external observables - principally others' behaviour and
various features and states of the physical environment - and we label certain
complex patterns of these with mental-state terms (cf. Wittgenstein 1958). As
Bennett noted in 1976, all these data are in principle observable by animals
too. In the end, we might say that mentalism has to be just a particular sort of
behaviourism!

However, Whiten (1993, 1994) goes on to show that it can be both functional and

economical to postulate mental states as intervening variables in behavioural analysis.

Thus the seemingly intractable problem of animal awareness has come once again

within the scope of modern psychology, and much current research seeks to specify

more precisely the cognitive components that contribute to the subjective experiences

of humans and animals. My research had a much narrower focus - specifically, to

determine whether monkeys have the necessary cognitive capacities to understand and

use mirror and video images - but this question has implications for the debate on

animal awareness. I begin therefore with a discussion of primate minds and the elusive

experience known as awareness, to provide a broader framework in which to situate

my own research.

Primate minds - the social intelligence hypothesis

Although Macphail (1985) has argued that the results of various learning tasks

provide evidence of "neither quantitative nor qualitative differences among the

intellects of non-human vertebrates", there is significant variation in brain enlargement

between taxa (Jerison 1985), and as Byrne (1995, p. 213) explains it is assumed that
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the advantage of a large brain is increased intelligence. On a double logarithmic plot of

brain size versus body size, mammals have larger brains than the other vertebrate

classes (although there is some overlap), and within the mammals the primate order is

larger brained than most other groups. Within the order of primates, the strepsirhines

have brain sizes similar to an average mammal {i.e. they fall on the line of brain versus

body size) whereas the monkeys and apes have much larger brains than one would

expect for mammals of that size {i.e. they fall above the line), and the humans have the

largest brains of all. What has caused primates in general (and humans in particular) to

develop such large brains? What was the evolutionary stimulus for the intelligence that

apparently sets us apart from the rest of the animal kingdom?

One of the most convincing current theories suggests that primate intelligence

evolved to deal with complex social environments, and it is therefore referred to as the

social intelligence hypothesis. Nicholas Humphrey's 1976 paper "The Social Function

of Intellect" (in Byrne and Whiten 1988) contained the first explicit suggestion that the

complex social environment of primates led to the evolution of an intellect specially

designed to deal with that complexity. Alison Jolly's 1966 essay on "Lemur Social

Behaviour and Primate Intelligence" (in Byrne and Whiten, 1988) also puts forth the

idea that the complex social life of primates led to the evolution of increased intellect,

although she does not claim any qualitative difference in the nature of learning in social

and non-social contexts.

Both Humphrey (1976) and Jolly (1966) note that although monkeys and apes

show considerable skill on various tests of intelligence as measured in the laboratory,

these skills are not readily apparent in the wild. Evolution is not generally thought to

produce excess or unnecessary capacities (i.e. capacities that serve no function in the

animal's natural environment), so how can we account for this apparent discrepancy?

Adaptionists would argue that the intellectual capacities revealed in the lab must have

some relevance in the life of a wild primate, so what function do these intellectual

capacities actually serve?
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Humphrey (1976) defines intelligence as "[modification of] behaviour on the basis

of valid inference from evidence." Within this definition he makes a distinction

between low-level intelligence, in which an animal infers something because similar

things have happened in the past, and high-level or "creative" intelligence, which

involves inferring "that something is likely to happen because it is entailed by a novel

conjunction of events". This is similar to "planning" as discussed by Byrne (1994) as

one element of intelligence. Humphrey suggests that low-level intelligence is

widespread in the animal kingdom, but creative intelligence is the hallmark of the

primates.

What function does creative intellect serve? Humphrey argues that, contrary to

popular belief, practical invention is not the answer. Invention in this sense refers to

finding new ways of using or interacting with the environment, whereas practical refers

to the fact that the invention is applied only to the physical environment - other animals

are not seen as objects of invention. Although inventiveness undoubtedly has adaptive

significance, and thus there has likely been selective pressure for increased intelligence

with respect to the physical environment, Humphrey suggests that this principle alone

cannot explain the great intellectual capacity of the primates. Among those species

that demonstrate tool-use (e.g. chimpanzees), it would appear that it is not the result of

practical invention, but rather is learned by trial-and-error or imitation of others.

Primates in the wild do not depend on practical invention, therefore, but on

extensive factual knowledge of food-gathering techniques (e.g. termite fishing) and the

nature of the habitat (the location of food sources, etc.). Humphrey argues that this

knowledge can only be obtained in the context of a social community, and that the

function of creative intelligence is to maintain a cohesive society while at the same time

exploiting other individuals within the society for one's own benefit.

One of the primary benefits that society therefore provides to the individuals that

make it up is to provide a setting in which subsistence techniques can be learned. It

serves this function in two ways: 1) by providing a prolonged period of dependence

during which young animals are free to experiment and during which individual
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learning can occur via trial-and-error; and 2) by bringing young animals into contact

with older, more experienced animals from whom they can learn by imitation (or

stimulus enhancement and/or response facilitation, Byrne 1994). The mother-infant

bond does both of these things, but it is intuitively obvious that society serves this

function even better by providing more animals to protect the infant, and from whom

the infant can learn.

In such a complex society an individual benefits from the cooperative structure of

the group, but at the same time it is to each individual's advantage to try and exploit

others within the group. As Humphrey (1976) says "...social primates are required by

the very nature of the system they create and maintain to be calculating beings". They

must calculate the costs and benefits of their actions relative to the actions of others

within the group, in a context where the information on which these calculations are

based is continually changing, in part as a result of their own actions. The intellect

required to maintain such a society and to advance one's position within it is of the

highest order. It is not sufficient merely to be able to calculate how to change one's

own behaviour in order to influence the behaviour of another to one's own advantage.

The other is also intelligent and engaged in similar calculations, so the interaction

becomes fluid, each individual periodically changing its strategy to accommodate to the

changing circumstances. Humphrey argues that the cognitive skills required of "the

social gamesman" go beyond merely evaluating the current state of play, to being able

to plan ahead and create decision trees, and that such skills require a level of

intelligence not found outside of primate society.

According to Humphrey there are two types of selective pressure acting on social

complexity and hence primate intellect. The first pressure comes from outside of the

social system. Given that society serves as a training ground for subsistence

techniques, and given that this kind of education has adaptive consequences, there will

be selection both to increase the period of infant dependency, and to keep older

animals within the community from whom younger animals can learn. This mix of

generations requires considerable social responsibility and tolerance, but also gives rise
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to considerable competition over scarce resources. In the final analysis each individual

should act to the advantage of its own genes, which leads to conflict of interest among

members of a multi-generational group. The greater the generational overlap, the

greater the potential for conflict. To act to one's own advantage while still maintaining

the structure of the group demands a high level of intellect.

Once society reaches a certain level of complexity internal selection pressures arise

which increase its complexity still further. Given that high intelligence is a factor in

social success, and if social success results in increased biological fitness, then any

heritable trait which enables one individual to exploit its companions will spread

through the gene pool. This creates a positive feedback loop in which the intelligence

of the species spirals ever upward. In theory such an upward spiral will only stop

when further increases in intelligence have no adaptive value; there comes a point

when the time spent in social manoeuvring does not compensate for time lost from

basic subsistence activities. Figure 1.1 sums up Humphrey's arguments (compare to

Crook 1988, Fig. 24.2, p. 348).

A potential outcome of this upward evolutionary spiral would be the development

of the ability to represent not only the behaviour of other organisms, but also their

mental states. This step would increase one's chances of predicting and manipulating

the behaviour of others and therefore confer an advantage in the intricate social

manoeuvering of such a complex society. To be able to represent the mental states of

others presupposes that one can represent one's own mental states, i.e. that one is self-

aware. Crook (1980) argues that:

...the most crucial evolutionary emergent in the phylogeny of human powers is
the ability whereby the person conceives of himself as an active agent
distinguishable as an entity from others...The self-process...is the refined end-
product of a series of changes which began with the emergence of
reproductive nepotism and reciprocal altruism in our primate ancestors.

Thus a discussion of primate intelligence leads to the altogether more difficult concept

of self-awareness (self-process), and the question of whether humans are alone in their
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ability to reflect upon their existence, or whether other animals have subjective mental

experiences of a comparable kind, as Griffin (1992) has suggested may be the case.

permits

permits

learning:

1) knowledge of practical technique
2) knowledge of nature of habitat

society: <—
1) prolonged dependency (individual learning)
2) cultural transmission of information

selects for

(external selection pressure)

high intelligence

(internal selection pressure)

social manoeuvering

selects for

selects for

permits

Figure 1.1 Selection pressures contributing to the evolution of social intelligence.

The problem of defining awareness

One of the major stumbling blocks in any discussion of self-awareness is the

multiplicity of terms by which it is described: e.g. self-awareness, self-process, self-

concept, consciousness, mind, conscious awareness, and so on. Often the terms are

not precisely defined, and different authors may use the same term to refer to different

things. Even worse, the same author might be inconsistent in his usage; Griffin (1992)

is a notable offender, using both 'consciousness' and 'conscious awareness' to refer
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sometimes to having mental states, and sometimes to the ability to reflect on those

mental states. Before embarking on a discussion of such elusive mentalistic terms as

'consciousness' and 'self-awareness' we would therefore be well-advised to try and

define them as precisely and unambiguously as possible.

However, it may be impossible to define self-awareness in objective, non-

experiential terms. Crook (1983) draws a distinction between subjective "experience"

words, such as consciousness and feeling, and objective "performance" words, such as

movement and response. Experience words refer to personal events and their use with

respect to another individual always involves an attribution. Absolute criteria for the

meaning of experience words cannot be stated explicitly, nevertheless a common

meaning is understood among those who speak the same language. This consensual

understanding is based on inference from personal experience. Thus when we seek to

discuss awareness in a rigorous fashion, it is impossible to define it in a completely

objective way; one must always rely to a certain extent on the intuitive understanding

of each individual.

This can lead to confusion because awareness has a variety of commonly

understood meanings, so it is necessary to specify as closely as possible which meaning

we wish to convey, and then be consistent in our usage. I may be aware of a pain in

my foot, aware of my appearance, aware that someone is looking at me, aware ofmy

thoughts, and so on. The term awareness (or self-awareness) may thus be used to

refer to cognitive processes occurring at different levels of complexity; if the level of

awareness is not clearly specified, misunderstandings may result. As Mason (1976)

notes: "...one might hope that some useful distinctions could be drawn between 'having

a mental experience' and 'being aware of having such an experience' which seems much

closer to our usual view of consciousness and must certainly be an emergent property

in evolution." Consciousness is often used as a synonym for awareness, but this term

may be even more subject to misinterpretation as a result of its many and varied
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everyday uses: e.g. conscious as in awake versus paying attention versus intentional,

not to mention terms like self-conscious or unconscious. Awareness would appear to

be a more neutral term and therefore more preferable.

Just what is meant by 'self creates another thorny problem when trying to define

self-awareness. Mitchell (1994) reviews the diversity of descriptions of the nature of

self in the psychological literature, and discusses eight aspects ofwhat humans call self

which he feels might prove fruitful in the search for "nonhuman selves", to wit: the

perceiving self and the self perceived, the self extended, the self identified, the self

imagined, the self objectified and intersubjective, the self presented and evaluated,

dissociation of the self, and the self evaluated by the self. The following section

attempts to define the terms awareness and self-awareness in terms of cognitive

processes and create a consistent, coherent framework in which to discuss the

approaches of various authors to this problem.

Levels of awareness - primary and secondary representation

procedural knowledge, primary and secondary representations:

When we observe an animal responding appropriately to its environment we are

inclined to argue that the animal must therefore 'know' something about its

environment. However, Whiten and Byrne (1988, p.51) stress the important difference

between "knowing how" and "knowing that" (Ryle 1949). "Knowing how" refers to

procedural rules, such as [if perceive stimulus S, then perform behaviour R], An

animal that has only procedural rules to guide its behaviour is no more than a

biological robot; it does not have any mental states such as desires or beliefs, it has no

emotions, it does not experience pain. In short, it is not aware, so one might say it has

zero-order awareness (by analogy to Dennett's (1983, 1988) intentional system). The

behaviourist approach to psychology, by limiting itself to the external observables S

and R, effectively treats all animals as zero-order machines. (A behaviourist might
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acknowledge the possible or probable existence of mental states in animals, but feels

that they are not subject to scientific scrutiny.)

In contrast to "knowing how" (procedural knowledge) there is also "knowing

that", or declarative knowledge. In this case the animal represents aspects of the world

within the brain as information rather than behavioural rules, for example [event El is

usually followed by event E2], According to Crook (1980, p.29) "It is as if the

information processed by the senses becomes integrated to form an analogue of the

energy patterns impinging upon them. . .The inner analogue is not just an interpretation

of experience, it is a re-presentation of experience itself." The advantage of such a

system is that declarative representations can be stored in memory, manipulated, and

combined in such a way as to allow an animal to react more flexibly in the face of

changing circumstances. This is the cognitive or information-processing approach to

psychology.

Leslie (1987) makes a distinction between primary representations (accurate and

faithful representations of the world) and metarepresentations (representations of

representations, where what is represented may be a perception or a belief). Perner

(1991) refers to the same two levels as primary and secondary representations (which

usage I will also adopt), and reserves the term metarepresentation for "the ability to

represent that something (another organism) is representing something", i.e. the ability

to represent a representation as a representation, to understand the concept of

representation. Human infants are capable of only primary representation up to the age

of about two years, after which the capacity for secondary representation develops.

Metarepresentation (in Perner's sense of the word) does not develop until around four

years of age, when children become able to attribute false beliefs.

Some examples of primary representations are: the dominant male has a banana; I

am hungry; I want to eat that banana; I think the dominant male will attack me if I try

to take the banana. Note first of all that although I have expressed these ideas

verbally, mental representations need not be linguistic in form, so animals without

language are not prevented from having representations. I could just as well have used
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pictures of thought balloons with appropriate mental images. Furthermore, the T

referred to may be implicit rather than explicit, a distinction that will become clearer

later on. These examples suggest the existence of two different types of primary

representation: the first two refer solely to the physical environment (external and

internal, respectively), whereas the last two are representations of desire (I want...) or

belief (I think. . .), i.e. the animal's mental environment.

Examples of secondary representations include: I think the dominant male wants

to attack me; I think the dominant male knows that I am hiding in the bushes. In this

case the subject is representing another animal's desires and beliefs. Note the

distinction between 'the dominant male will attack me' and 'the dominant male wants to

attack me'; in the former the other's behaviour is represented, whereas in the latter the

other's mental state is represented. Secondary representation is thus thought by some

to underlie the ability to attribute mental states to others, as well as pretence (Leslie

1987), intentional deception, and imitation (Byrne 1993, 1994, 1995; Whiten 1993,

1994; Whiten and Byrne 1988, 1991).

first- and second-order awareness:

Crook (1983) points out that consciousness {i.e. awareness) always has an object,

and that to be conscious of something implies a process. We can therefore define

awareness, or more precisely first-order awareness, as the capacity for primary

representation. As an animal processes information from the environment and memory

its representations are continually changing, and it is this continuous flow that

constitutes awareness. The object of awareness is that which triggered the flow of

representations, not the representations themselves. In addition to representing its

physical environment (both external and internal, i.e. physiological), a first-order aware

animal has mental states such as desires or beliefs, which are also the result of primary

representations. First-order awareness is variously referred to in the literature as

consciousness, awareness, first-order intentionality, or implicit self-awareness.
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Second-order awareness is therefore the capacity for secondary representation

(and metarepresentation, in humans over the age of four). If first-order awareness

consists of the flow of primary representations, second-order awareness involves the

flow of secondary representations. Since primary representations can give rise to

secondary representations, a second-order aware animal can have its own

representations as the object of awareness. It not only has mental states such as

desires and beliefs (first-order aware), it is aware that it has such mental states.

Furthermore, it can attribute desires and beliefs (representations) to others. Second-

order awareness is variously referred to as conscious awareness, self-consciousness,

self-awareness, second-order intentionality, or explicit self-awareness.

Dennett - the intentional stance:

The above framework parallels the approach Dennett (1983, 1988) refers to as the

'intentional stance'. He suggests that the intentional stance can provide modern

ethologists with a "theoretical vocabulary that is powerfully descriptive of the

data...and at the same time a theoretically fruitful method of framing hypotheses." By

changing the level of explanation and description from behavioural to cognitive, one

can "gain access to greater predictive power or generality". Intentionality in the

philosophical sense refers to 'aboutness'. Sentences containing intentional states can be

recognized by the presence of the logical feature of referential opacity: they introduce

clauses in which the normal rule of substitution does not hold. According to this rule,

if you have a true (or false) sentence and you replace one term with a synonymous

term, the sentence will still be true (or false). However, if the sentence contains an

intentional idiom, such a substitution may change the sentence from true to false or

vice versa (this phenomenon is known as referential opacity). For example, suppose it

is true that "I know that someone is hiding behind that tree", and suppose that in

actuality it is the dominant male behind the tree. One cannot then conclude that "I

know that the dominant male is hiding behind that tree", because in fact I have no clue

as to the identity of the hider.



Dennett -the intentional stance 13

Dennett argues that it is "this resistance to substitution. ..that makes the intentional

idioms ideally suited for talking about the ways in which information is represented in

the heads of people - and other animals", because they are "sensitive to the means of

reference used in the clauses they introduce". Intentional idioms include 'believes that',

'knows that', 'wants', and other such mental states. The use of intentional idioms also

assumes the rationality of the creature or system to which the intentional states are

attributed, which enables us to select between competing hypotheses. Thus, if we

assign our subject a particular level of intentionality (belief), we can specify what other

things we would expect the subject to believe, if the subject was rational. For

example, "if x believed that p, and ifx was rational, then since 'p' implies 'q' x would

(have to) believe that q" (1988, p. 191). If x is motivated to respond to q we can then

make a prediction of behaviour which can be tested by observation or experimentation.

To adopt the intentional stance towards an animal, therefore, is to characterize it

as a rational, intentional system whose behaviour can be described and explained using

intentional idioms. There are different grades of intentional systems, as follows: A

zero-order intentional system has no beliefs, desires, intentionality or mentality -

behaviour is dependent on motivational state and is non-voluntary. This corresponds

to zero-order awareness as described in the previous section. A first-order intentional

system has primary representations that include mental states (beliefs, desires, etc.), but

no secondary representations of mental states (e.g. beliefs about beliefs). Attributions

made to a first-order intentional system have the form "x believes that p", where p

contains no intentional idioms. This corresponds to first-order awareness. A second-

order intentional system has beliefs (and other intentional states) about other

intentional states (i.e. secondary representation). It can attribute intentional states both

to itself and to others. Attributions have the form "x wants y to believe that q", for

example a signaler wants a listener to believe there is a leopard nearby. This

corresponds to second-order awareness. Third- and higher-order intentional systems

involve further iterations, embedding more and more intentional clauses, and are all

subsumed under increasingly developed second-order awareness.



Table1.1TermsUsedtoDescribeLevelsofAwarenessandRelatedCognitiveSkills zero-orderawareness

first-orderawareness

second-orderawareness

Crook(1980)

awareness consciousness

self-consciousness self-process consciousawareness

Crook(1983)

proprioceptivebodyawareness awarenessofsituationalcontingency awarenessofagency

awarenessofsocialagency linguisticselfconsciousness

Crook(1988)

threedimensionalmodelofconsciousawareness (attention/intention,intension/extension,objective self-consciousness/subjectiveself-consciousness)

Dennett(1983,1988)
zero-orderintentionality

first-orderintentionality

second-andhigher-orderintentionality

Gallup(1977,1982,1985)
awareness

awareness consciousness

self-awareness self-consciousness self-concept senseofidentity mind

Leslie(1987)

primaryrepresentation

metarepresentation

Lewis(1994)

machineryofself

machineryofself

theideaofme

Pemer(1991)

primaryrepresentation

secondaryrepresentation metarepresentation

Ryle(1949)

knowinghow proceduralrules

knowingthat declarativerepresentations
knowingthat declarativerepresentations

Tulving(1985)

anoeticconsciousness proceduralmemory

noeticconsciousness semanticmemory

autonoeticconsciousness episodicmemory

Whiten(1994)

implicitmindreading

explicitmindreading
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Cheney and Seyfarth (199Ca, p. 144) argue that zero-order intentional systems (i.e.

zero-order awareness) cannot modify their behaviour based on contextual variables;

instead they produce fixed, inflexible responses to particular stimuli. Zero-order

systems can therefore be distinguished from first-order intentional systems (first-order

awareness) which show changes in behaviour based on contextual variables (voluntary

control). In fact, there is in principle no reason why a zero-order intentional system

could not have a set of complex 'if-then' procedural rules which enable it to modify its

behaviour based on contextual variables (changing stimuli). In practice, therefore,

there appears to be no way of distinguishing between a zero-order system which acts

'as if it has mental states, and a first-order system which really is aware. The most

interesting transition occurs between first- and second-order intentionality (awareness).

At this point it becomes possible to make testable predictions about the behaviours one

would expect to see in zero- and first-order versus second-order systems.

In the next section I review the approaches of four authors to the question of self-

awareness and its relation to mirror self-recognition, and attempt to provide an overall

organization by locating them within the representational framework outlined above.

Parker and Mitchell (1994) summarize several other approaches that are not reviewed

here. Table 1.1 relates the three levels of awareness as defined above to various terms

used in the literature to describe self-awareness and related cognitive capacities.

The relationship between self-awareness and mirror self-recognition

Gallup - bidirectional consciousness, self-awareness, and mind:

Gordon G. Gallup, Jr. is particularly well known for introducing the study of

mirror self-recognition (MSR) as an objective measure of self-awareness (Gallup

1970). He observed that after several days of exposure to mirrors, chimpanzees

showed a significant decrease in the number of social responses directed towards the

mirror and a corresponding increase in the number of self-directed behaviours, such as
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picking bits of food from between the teeth or making faces at the mirror. Gallup

reasoned that the chimps had realized that they were seeing a reflection of themselves,

and developed the 'mark test' to provide a more rigorous means of testing this

assumption.

While the subjects were anaesthetized a bright red, odorless dye was applied to

one eyebrow ridge and the top half of the opposite ear. Following recovery the

animals were observed for 30 minutes in the absence of a mirror to establish a baseline

for spontaneous, mark-directed touches. When the mirror was reintroduced the total

number of mark-directed responses increased by over 25 times; all of the subjects

touched the marks directly while looking intently in the mirror, and there was also a

significant increase in the amount of time spent viewing their reflections.

Numerous other studies (reviewed below) have replicated these findings with

chimpanzees and extended them to orang-utans and perhaps gorillas, but to date there

has been no convincing evidence of MSR in monkeys. Gallup (1977, p.334) argues

that:

Monkeys appear to lack a cognitive category for processing mirrored
information about themselves. The capacity for self-recognition, although
influenced by learning, is predicated on a sense of identity. The unique feature
of mirror-image stimulation is that the identity of the observer and his
reflection in a mirror are necessarily one and the same. The capacity to
correctly infer the identity of the reflection must, therefore, presuppose an
already existent identity on the part of the organism making this
inference...The monkey's inability to recognize himself may be due to the
absence of a sufficiently well-integrated self-concept.

To relate this to the representational framework outlined above, "a sense of

identity" and "self-concept" both depend on second-order awareness: a sense of

identity derives from one's awareness of one's own mental processes, whereas the self-

concept consists of the sum total of (second-order) representations about oneself.

What monkeys lack, therefore, is not so much a cognitive "category" but the capacity

for second-order awareness: Gallup (1982, p. 240) notes that "if you do not know who

you are, how could you possibly know who it is you are seeing when confronted with
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your mirror image?" Gallup (1977) also refers to the "bidirectional properties of

consciousness" which "translate into consciousness and self-consciousness". These

equate with first- and second-order awareness, respectively. In this article Gallup

acknowledges that there are different levels of awareness and therefore different ways

in which an animal might be called 'self-aware', but that MSR is possible only for

second-order aware animals.

In subsequent articles (1982, 1985), however, Gallup suggests that zero-order and

first-order awareness are equivalent, and thus argues that animals cannot be simply

aware, but must be either self-aware or unaware. For example, "Awareness...in the

absence of self-awareness may be a contradiction in terms. Either you are aware of

being aware or you are unaware of being aware, and the latter is tantamount to being

unconscious [i.e. zero-order aware]" (1985, p. 638). He is consistent in defining 'mind'

as "the ability to monitor your own mental states" (i.e. second-order awareness), but

his use of the terms consciousness and awareness is vague, sometimes suggesting first-

order awareness and sometimes implying that they are equivalent to zero-order

awareness.

As discussed above, the problem lies in defining criteria which can be used to

identify behaviour produced by a first-order (versus zero-order) aware animal. In

contrast, Gallup (1982, 1985) argues that self-aware animals should display a

constellation of behaviours which serve as empirical markers of mind, distinct from

zero- or first-order awareness. In addition to MSR, these include attribution of mental

states to others, intentional deception, empathy, gratitude, reconciliation, and pretence.

Heyes - a critique of Gallup:

Heyes (1994, 1995) presents a well-reasoned case which argues that none of the

experiments on mirror self-recognition in primates show convincing evidence of this

ability in great apes, and furthermore that the assumption of Gallup and others, who

assert that a self-concept is a necessary prerequisite for such self-recognition, is

unfounded. Heyes proposes that the results of the mark-test for the various species of
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great ape, rather than providing evidence ofmirror-guided body inspection, are in fact

an artefact of anaesthesia in species with a high baseline level of face-touching.

Her argument runs as follows: when first confronted with its mirror image, a

chimpanzee reacts as though faced with a conspecific, producing various social

behaviours which displace part of its normal behavioural repertoire, which includes

self-grooming. Over time the chimpanzee habituates to the mirror image, so the social

behaviours decline and the level of self-grooming returns to normal. Heyes therefore

suggests that the increase in apparently mirror-guided self-directed behaviours

observed by Gallup (1970) was merely the return to a baseline level of self-grooming,

and that the behaviours were not mirror-guided at all. In her words: "Chimpanzees

happily engage in all of these [self-directed] behaviour patterns in the absence of

mirrors, and it is difficult to know how a human observer could have been sure that, in

the course of the experiment, they were provoked and/or guided by the reflection."

(1994, p. 911). Although it is true that judgements of whether self-directed behaviours

are mirror-guided can be subjective, one need only limit oneself to convincing cases;

thus picking bits of food from between the teeth might occur with or without a mirror,

whereas it is difficult to see how an individual could pick exclusively at a patch of

pigment on it's gum (e.g. Koko the gorilla, in Patterson 1984) unless it could use the

mirror image as a guide.

With regards to the mark test, Heyes argues that since no formal criterion of

anaesthetic recovery was used, the subjects might still have been suffering lingering

effects of anaesthesia when the baseline ofmark touches in the mirror absent condition

was measured, especially given the particular drug used (Sernylan). When the mirror

was introduced, the subjects had had longer to recover from the anaesthesia, so they

were more active overall and were thus more likely to touch the marks by chance as a

result of normal self-grooming. However, in a rebuttal to Heyes, Gallup et al. (1995)

point out that a variety of different anaesthetic agents have been used with recovery

periods ranging from 2 to 7 hours, and in all of the studies the experimenters
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waited until the animals appeared fully recovered. Furthermore, Heyes' explanation

does not account for the fact that the chimpanzees made "a number of noteworthy

attempts to visually examine and smell the fingers that had been used to touch the

marked areas of the skin, even though the dye had long since dried and was indelible"

(Gallup 1970, p. 333).

An underlying assumption ofHeyes' proposal is that the number ofmark-directed

touches should increase gradually over the course of the mirror present condition,

whereas Gallup et al. (1995) note that mark-directed touches are usually frequent

immediately after the reintroduction of the mirror and decline rapidly thereafter.

Various other arguments put forward by Heyes in support of her thesis are also

effectively countered by Gallup et al. (1995). Although I do not agree with Heyes'

conclusion that apes fail to show convincing evidence of mirror self-recognition, she

has nevertheless made a valuable contribution by pointing out weaknesses in the

experimental designs used to date and suggesting more rigorous control procedures

that could be used in future to correct these failings.

Lewis - the machinery of self and the idea ofme:

Michael Lewis (1994) offers a lucid discussion of the differences between two

senses of 'self and the confusion that may result when these distinctions are not

recognized. lie uses the following metaphors to help clarify the elements which make

up our experience of ourselves:

I imagine myself to be a biological machine . . .One aspect of this machine is the
idea ofme...I prefer the metaphor of a protoplasmic mass, perhaps resembling
the frontal lobes. It is this mass that knows itself and knows it does not know
all of itself! The me that recognizes me in the mirror is located in that
particular mass. The self, then, is greater than the me, the me being only a
small portion of myself. If the metaphor drawn is unsatisfactory, the
difference between self and me can be understood from an epistemological
point of view. The idea that I know is not the same as the idea that I know I
know. The me aspect of the self that I refer to is that which knows it knows.
(p. 21)
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The machinery of self includes the processes of self-other differentiation and

conservation of self across time and space, both of which are common to all organisms

and occur very early in development. Self-other differentiation is the ability to

recognize the self and differentiate the self from their environment; it is fundamental to

an organism's survival and is therefore "built into the biological machinery and is not

predicated on the idea of me". Self-conservation can mean different things; in one

sense, it is reflected in the ability to reach for objects, since the self must form a

consistent relationship with a thing in another space-time. However, there is also self-

conservation in the understanding that no matter what one's appearance, one remains

the same person. Thus there are different types of self-conservation, which vary

according to their level of cognitive complexity and their phylogenetic and ontogenetic

distribution. The machinery of self corresponds to zero- and first-order awareness.

Lewis contrasts the machinery of selfwith the idea ofme. At around two years of

age, the human child starts to recognize its mirror image, use personal pronouns such

as 'me' or 'mine', recognize that other people have desires and emotions, and exert its

own will in defiance of others. This constellation of abilities develops when the child

acquires the idea of me; that is, an awareness of itself as a thinking organism (second-

order awareness). Lewis notes that even after the development of the idea of me the

"biological machinery of self and the processes it controls continue to exert influence

on the child's behaviour and are further elaborated as the child learns more and

interacts with its environment" (p. 23). Indeed, even in adults the machinery of self

continues to operate, and much of what goes on inside our heads is not available to

conscious awareness.

In order to illustrate the difference between these two levels of self, Lewis makes

an analogy to the phenomenon of "blindsight" described by Weiskrantz (1986).

Patients who lacked a visual cortex in one hemisphere were asked to fixate on a point

straight ahead, and then were asked if they could see an object placed in their blind

region, to which they replied that they could not. And yet, when asked to reach for the

object, the patients did so successfully. Thus, at one level they were clearly aware of
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the object (the machinery of self), but they did not experience that awareness - they

were not aware of being aware, or as Lewis puts it, "The self reflecting on itself, the

me, does not see."

Mitchell - two theories ofmirror self-recognition:

In an attempt to specify the cognitive capacities necessary for MSR, and assess

whether it is truly indicative of self-awareness, Robert Mitchell (1993) offers two

theories to explain how an animal might recognize for the first time that the image it

sees in the mirror is a reflection of itself According to the inductive theory, MSR

depends on an animal's understanding of mirror-correspondence and its capacity for

kinesthetic-visual matching. Mirror-correspondence is that characteristic ofmirrors to

reflect accurate and contingent images of objects in front of them, whereas an animal is

capable of kinesthetic-visual matching when "from its kinesthetic sense of its own body

it forms an 'image' of how its body would look - of the form of its body or body

movements, that is, rather than the exact visual impression of its body - when

performing actions, and that this 'image' is in some way accessible for comparison with

a visual stimulus" (p. 297). Thus, an animal faced with its own reflection observes the

match between its movements and the contingent visual image; it knows that most

mirror images are contingent with and resemble their source object in front of the

mirror, so the animal infers that its body is the source of the mirror image. (Gallup and

Povinelli (1993) argue that this could just as easily be framed as a deductive theory.)

The deductive theory postulates three necessary and sufficient conditions for

MSR: 1) understanding of mirror-correspondence, 2) fully understanding object

permanence, and 3) perceiving parts of one's body as well as parts of others' bodies as

distinct objects. The animal perceives parts of its body, e.g. its hands, as distinct

objects that are nevertheless continuous with its body (object permanence). Given that

mirrors reflect objects accurately and contingently, if the mirror reflects the animal's

hand, it must also reflect the animal's body. The animal sees the reflection of its hand
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and deduces that the mirror must also reflect its body, and so recognizes its own

mirror-image.

Mitchell goes on to discuss several possible meanings for the term self-awareness,

and how it might relate to mirror self-recognition. In the first sense, self-awareness

"refers to the organism's thinking about (noticing, being conscious of) its thoughts or

internal mental representations and experiences...the organism's awareness is

(recursively) aware of itself' (p. 312). This definition is derived from Gallup (see

above), and equates to Lewis's "idea of me" and second-order awareness. Mitchell

argues that "This type of self-awareness is probably knowable only through language

or some other means of naming or objectifying experience" (p. 313).

In Mitchell's second sense of self-awareness an organism has "an understanding or

knowledge of its personal history and attributes, motives, thoughts, actions, hopes,

desires, and body identified as its own" (p.313); according to Mitchell, self-awareness

in the first sense is a special case of self-awareness in the second sense. However, it is

not clear exactly what Mitchell means by "understanding or knowledge": it seems to

mean a capacity for primary representation, but having an understanding of one's

thoughts suggests secondary representation. This confusion highlights the usefulness

of using a representational framework to separate the more complex from the simpler

components of self-awareness. Thus, Mitchell's self-awareness in the second sense

appears to combines elements of both first- and second-order awareness, or what

Lewis referred to as "the machinery of self' versus "the idea ofme" (see above).

In Mitchell's third sense, self-awareness refers to "an organism's implicitly present

mental representation of the organism itself - a 'self-representation' - which need not be

reflected upon" (p.313). This self-representation is one element of Lewis's "machinery

of self', and it presupposes first-order awareness. Such self-representations are

necessary (but may not be sufficient) for kinesthetic-visual matching and may be

widespread in the animal kingdom. Mitchell notes that self-awareness in the third

sense seems necessary but not sufficient for self-awareness in the second sense.
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Finally, Mitchell describes:

...a fourth more primitive sense of 'self-awareness,' which is identical to
(defined as) 'mirror-self-recognition'. In this sense, the claim that the mirror-
self-recognizing animal is self-aware is merely a redescription of the fact that
it recognizes its body in a mirror - the self-awareness is not a cause of that
recognition...Mirror-self-recognition allows for the organism's creation of a
reasonably accurate visual self-representation about the body (Guillaume,
1971/1926, p. 153; Morin & DeBlois, 1989) - an element of self-awareness in
the second sense - but need not represent any understanding of and reflection
on its personal history, motives, thoughts, actions, hopes, or desires - other
elements of self-awareness in the first and second senses, (p. 314)

Gallup and others have assumed that an organism that is self-aware in the fourth

sense {i.e. that passes the mark test) is also self-aware in the first, second, and third

senses; in fact, it is awareness in the first sense that is the cause of mirror self-

recognition. However, Mitchell argues that previous attempts to specify a mental state

to which an organism attends in recognizing itself have failed, and his two theories

seek to specify the mental components of mirror self-recognition, such as kinesthetic-

visual matching in the inductive theory, or body-part objectification in the deductive

theory. According to Mitchell (p. 315): "All of these 'self-representations,' except for

the imaginative outline of self-movement, are available to most mammals. Thus, only

if the inductive theory is true do organisms which pass the mark test have, as Gallup

(1982, 1985, 1988) claims, a self-awareness distinctly different from that of other

mammals. But even then, this self-awareness need not be as elaborate as Gallup

believes." Mitchell argues that self-awareness in the first sense (the ability to reflect on

one's own thoughts) is not a necessary prerequisite for self-awareness in the fourth

sense (mirror self-recognition as evidenced by passing the mark test).

As outlined above, the cognitive capacities postulated by each of Mitchell's

theories require only primary representation, so the animal that recognizes its mirror

image need only be first-order aware. However, in reviewing the evidence for the

inductive theory, Mitchell notes that kinesthetic-visual matching is demonstrated by

domestic cats and nine-month old human infants, neither ofwhich are capable ofMSR.

He therefore argues that kinesthetic-visual matching is probably not an "all-or-nothing
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capability, but one which changes and develops", and that only "mature" kinesthetic-

visual matching is capable of supporting MSR. This mature kinesthetic-visual

matching occurs when "organisms can imitate in relation to their own body apparently

innumerable visually unfamiliar acts of another, using visually unknown parts of their

own body" (p. 303), as well as recognize that they are being imitated. However,

mature imitation of this sort is often assumed to require secondary representation (see

above, pp. 10-11), and therefore a second-order aware organism. Thus Mitchell's

inductive theory would seem to lead back to Gallup's theory, but in addition specifying

just what aspects of second-order awareness contribute to MSR.

Mitchell nevertheless goes on to question the validity of the mark test as a

measure of MSR because "passing the mark test apparently derives from different

cognitive capacities in different species and at different ages" (p. 306), and also

challenges the assumption of Gallup and others that animals are capable of MSR

because they are already second-order aware. In the case of Mitchell's two theories,

the postulated cognitive capacities require only primary representation, so the animal

that recognizes its mirror image is only first-order aware. (In fact it is unclear whether

the inductive theory presupposes secondary or merely primary representation; such

confusion could be avoided if theories were explicitly related to a representational

framework.) Both theories make the implicit assumption that this first-order aware

animal would be capable of passing the mark test, thus the mark test cannot be used as

a measure of second-order awareness.

However, I question whether this assumption really justified. Although a first-

order aware animal might recognize the connection between itself and its mirror image,

would it really be moved to investigate a mark on its forehead? Surely that

presupposes that the animal is curious about its appearance? But how can that be

unless the animal is capable of reflecting on its appearance - which is another way of

saying that the animal is aware of its mental representation of itself, i.e. that it has a

representation of a representation. It would appear after all that second-order

awareness is a necessary prerequisite for success on the mark test.
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The development ofmirror self-recognition

Shortly after Gallup devised the mark test to serve as an objective measure of

mirror self-recognition (MSR) in primates, a similar method was developed

independently by Amsterdam (1972) to study the development of self-recognition in

humans. The following discussion of the development mirror self-recognition in

humans is based on reviews by Anderson (1984a) and Parker (1991). In the first year

of life infants direct social responses to their mirror image; often what is meant by

'social responses' is not clearly defined, but it includes smiling and cooing, touching the

mirror image and looking behind the mirror to find the 'other child'. Such social

responding generally declines by the second year and is not reported in children over

18 months of age. In contrast, starting in the second year of life infants increasingly

respond to their reflection with 'self-conscious' behaviours such as 'self-admiration' or

'embarrassment' and 'avoidance', which are usually taken as a sign of self-recognition.

However, often these behaviours are not clearly defined, and it is unclear just how they

relate to the emergence of mirror self-recognition. Lewis and Brooks-Gunn (1979;

cited in Anderson, 1984a) obtained fairly low interobserver reliabilities for the

behaviours called "acts silly" and "coy", and reported very little avoidance of the self-

image by the infants in their study, in contrast to the claims of other investigators.

Between 9 and 15 months of age infants begin to experiment with movement

contingency (watching their mirror image closely while engaging in rhythmic body

movements such as bouncing or waving) as well as learning to reach directly for

objects first seen in the mirror. Mitchell (1993) assumes that the latter behaviour

indicates an understanding of mirror-correspondence, but it might only be the result of

associative learning. Beginning around 15 months of age and increasing thereafter

infants succeed in passing the mark test; from 20 to 24 months infants also point to

themselves and/or say their own name when asked who the mirror image is. During

this time infants also experiment with contingent facial expressions, making faces at

their reflection or playing 'peekaboo'. Parker (1991) argues that the presence of
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contingent facial behaviours provides an independent measure of self-recognition, but

such behaviour requires only first-order awareness. Eddy, Gallup, and Povinelli (1996)

argue that contingent facial and body movements may be developmentally dissociable

from self-exploratory behaviour, which latter behaviour is considered indicative of self-

recognition.

Bertenthal and Fischer (1978) designed a series of progressively more difficult

mirror tasks based on a hypothesized five-stage developmental sequence of self-

recognition behaviours. They observed that performance on the tasks followed the

predicted developmental sequence, and older infants were more likely to reach the

higher stages. The first task required only that the infant simultaneously look at and

touch its reflection. In the 'hat task' the infant wore a vest that suspended a hat over its

head - after observing the mirror image of the hat the child had to immediately look at

or reach for the real hat. The 'toy task' required the infant to turn directly towards a

toy that was lowered behind it after observing the mirror image of the toy. The fourth

'rouge task' corresponded to Gallup's mark test: the infant's mother unobtrusively

applied a spot of rouge to its nose prior to the introduction of the mirror, and once in

front of the mirror the child had to touch its nose while looking at its reflection, or

indicate orally that something about its appearance was different. For the final 'name

task' the mother pointed to the infant's mirror image and asked three times "Who's

that?" The child had to state its name or use an appropriate personal pronoun.

The first three tasks do not appear to measure self-recognition as such, but rather

an understanding ofmirror correspondence, a cognitive skill associated with first-order

awareness, which necessarily predates second-order awareness and 'true' mirror self-

recognition. Alternatively, the children might simply have learned to associate certain

behaviours with mirror images, without having a genuine understanding of the

reflective properties of mirrors. Bertenthal and Fischer also noted that there was a

significant positive correlation between performance on these tasks and on tests of

object permanence. Object permanence would thus appear to be a necessary but not

sufficient condition for MSR.
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There have been very few developmental studies ofMSR in non-human primates.

Robert (1986) carried out a longitudinal study ofmirror behaviour for one chimpanzee

(7 to 10 months of age) and one orang-utan (25 to 28 months of age). At seven

months of age the chimpanzee explored the mirror image and directed social

behaviours towards it. At eight months she began to search behind the mirror, and by

10 months she appeared to show an interest in movement contingency. At 25 months

the orang-utan explored the mirror image, searched behind the mirror, and directed

social behaviours towards the mirror, and from 26 months on he showed an interest in

movement contingency and made self-directed behaviours (not described). Both

subjects failed a mark test, but they were probably too young to pass the test in any

case.

Opinion differs with regards to the age at which chimpanzees become capable of

MSR. Lin, Bard and Anderson (1992) argued that chimps as young as two and a half

years were capable of self-recognition, but methodological problems cast doubt on

their conclusions. Povinelli et al. (1993) argue that most chimpanzees under the age of

five do not show MSR. Eddy et al. (1996) demonstrated that the incidence of

contingent face and body movements in front of a mirror did not differ between a

group of 3-year-old chimpanzees and a group of 7- to 10-year-olds, whereas

significantly more 7- to 10-year-olds engaged in self-exploratory behaviour (indicative

of self-recognition). None of the 3-year-old chimpanzees showed self-exploratory

behaviour.

Evidence for mirror self-recognition and markers ofmind

evidence for mirror self-recognition in primates:

The research into mirror self-recognition in primates can be summed up as

follows: 1) a large number of the chimpanzees and orang-utans tested have passed the

mark test; 2) most of the gorillas tested have failed the mark test, although two sign-
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using gorillas have passed the tesi., and 3) there is no convincing evidence of a monkey

ever passing the mark test, although several researchers have claimed to have observed

this (see Table 1.2). Both monkeys and great apes initially make social responses to

the mirror, but in the great apes these are gradually replaced by mirror-guided self-

directed behaviours. Monkeys may persist in responding socially to the mirror even

after years of exposure (though at very low frequencies); in some cases, social

responding may decline almost to zero only to be reinstated simply by replacing the

mirror after a temporary absence (Gallup and Suarez, 1991) or moving the mirror to a

new location (Suarez and Gallup, 1986), but this is not true for all species (Eglash and

Snowdon, 1983).

For the great apes, success on the mark test appears to depend on age, rearing

conditions, and perhaps other factors (Gallup et al., 1971; Povinelli et al., 1993;

Swartz and Evans, 1991). Povinelli (1987, 1994) considers several possible

explanations for the apparent inability of gorillas to recognize themselves in mirrors,

although various researchers have claimed that their gorillas do show evidence ofMSR

even though they have not passed the mark test (in Parker, Mitchell, and Boccia,

1994). Heyes (1994, 1995) argues that the successful performance of chimpanzees

and orang-utans on the mark test may be an artefact of anaesthetic recovery in species

with a high baseline frequency of self-directed behaviour, but see Gallup et al. (1995)

for a rebuttal.

Although numerous subjects have been tested from a range of species using a

variety of experimental protocols - often specifically designed to encourage MSR -

there is no convincing evidence of MSR in monkeys (Table 1.2). Most studies that

have sought to establish the existence of MSR in a given species have focused

exclusively on success or failure on the mark test. However, as Gallup (1994)

observes, the mark test should be used to confirm evidence of MSR gained from

spontaneous self-directed behaviours in front of the mirror. It is the ability to explore

oneself using one's mirror image that truly signals MSR. Attempts to 'engineer'

success on the mark test by depriving monkeys ofwater to force increased attention to
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the mirror (Thompson and Boatright-Horowitz, 1994), even if successful, say nothing

about the monkey's ability to recognize its mirror image (and in my opinion are

unnecessarily cruel). Furthermore, the behaviour of the pigtail macaque (Macaca

nemestrina) that 'passed' the mark test after such intervention bore little resemblance to

that of a mirror self-recognizing chimpanzee or human child, and the results of

subsequent mark tests were inconclusive. Boccia (1994) presented somewhat more

convincing evidence for another pigtail macaque, but both the frequency and nature of

the subject's mark-directed touches differed from that shown by apes or humans, as

Boccia acknowledged. She referred to the macaque's behaviour as "incipient

recognition or protorecognition rather than as full self-recognition." Mitchell (1993)

lists a Japanese macaque (Macaca fuscata) studied by Itakura (1987b) as having

passed the mark test, even though Itakura himself concluded that the data did not

provide convincing evidence that the monkeys were using their mirror image to inspect

their bodies.

Eglash and Snowdon (1983) take a different approach to the question ofMSR in

monkeys. They note that pygmy marmosets (Cebuella pygmaea) do not self-groom,

and are therefore unlikely to succeed on the mark test because they would not be

motivated to investigate the mark. They argue that self-recognition might be modality

specific {e.g. a species capable of vocal but not visual self-recognition), and that it is

probably a graded rather than an all-or-nothing capacity (the latter argument

corresponds to the first- versus second-order awareness distinction outlined above).

Eglash and Snowdon observed that threats to and physical exploration of a mirror

(by pygmy marmosets) declined rapidly after the first day of exposure, whereas mirror-

directed behaviours such as observing the image or testing movement contingency

were more frequent and habituated more slowly. Furthermore, when the mirror was

moved to a new location after 21 days, exploratory and mirror-directed responses - but

not threats - increased significantly on the first day in the new location (and then

habituated rapidly). This contrasts with the behaviour of two mirror-habituated rhesus

macaques studied by Suarez and Gallup (1986), who showed a dramatic reinstatement



Evidencefor mirror self-recognition in non-primates 30

of social responding to the mirror when it was moved to a new location. When Eglash

and Snowdon positioned the mirror in order to reflect an otherwise non-visible

neighbouring conspecific, some of the subjects used the mirror image to direct genital

displays to the real location of the neighbouring animal; the marmosets therefore

achieved the equivalent of Bertenthal and Fischer's (1978) toy task (see p. 26). Eglash

and Snowdon conclude that "Only if they could discriminate between their own image

and that of their neighbors, could the pygmy marmosets have given the responses they

did in this study." This would appear to be convincing evidence of first-order

awareness. However, the marmosets need not have represented the images as 'self

versus other'; they may merely have been discriminating between contingent and non-

contingent images.

evidence for mirror self-recognition in non-primates:

Monkeys and apes are not the only animals to have been tested for mirror self-

recognition. Epstein, Lanza, and Skinner (1981) claimed to have demonstrated "self-

awareness" in pigeons after they learned to peck at a spot on their bodies that they

could only see in a mirror. Three mirror-naive pigeons (Cohimba livia domestica)

were first shaped using operational techniques to peck at visible dots on their bodies.

After this behaviour was established, the pigeons were trained to turn and peck at a dot

that appeared on the wall behind them after they had seen its image in a mirror.

According to Epstein et al., the two repertoires were established in only three to four

hours and the birds were exposed to the mirror for less than 15 hours over the 10-day

training period.

The pigeons were then given the following test: a blue dot was placed on the

pigeon's breast and a white bib was placed round its neck such that when the bird

stood fully upright the dot was just visible. The bib meant the pigeon could not see the

dot directly, and if it lowered its head the bib covered the dot. In the control condition

the pigeon was placed in the test chamber but the mirror was covered; none of the

subjects pecked at the dots during this time, so they apparently could neither see nor
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feel the dots. When the mirror was uncovered, "each pigeon approached it and, within

a few seconds, began repeatedly moving its head downward toward the position on the

bib that corresponded to the dot" (p. 695). Epstein et al. argue that the ability of their

pigeons to use a mirror to locate an object on their body that they cannot see directly

does not indicate self-awareness, and that "such constructs impede the search for the

controlling variables of the behavior they are said to produce" (p. 696). They suggest

that the performance of the great apes on the mark test is fundamentally the same as

that of the pigeon; during mirror exposure the apes could establish the necessary

repertoires, which would then result in success on the test. They explain the failure of

monkeys to pass the mark test on a failure to learn the contingencies governing mirror

use (lack ofunderstanding ofmirror correspondence).

Epstein et al.'s claim that the performance of their pigeons is identical to that of

the great apes is clearly flawed. Gallup (1982) points out two procedural problems

that could have contaminated their results. First, since the pigeons were not given

mirror exposure prior to training, one would expect them to display considerable social

behaviour towards the mirror throughout training and testing. Gallup states (p. 241):

"Knowing, I suspect, it would compromise their objectives, any mention of such

behavior is completely omitted from Skinner's [sic] report." Second, since

reinforcement was not available during the test phase, it was effectively an extinction

session. Pigeons reliably show aggressive behaviours when food reward is omitted,

thus the bobbing and pecking of the subjects may have been due to extinction-induced

aggressive tendencies.

Gallup further notes that Skinner justifies the use of conditioning procedures by

arguing that pigeons do not spontaneously investigate marks on their bodies because

they lack the necessary response repertoire. However, this argument is flawed because

birds do engage in preening, and furthermore the response repertoires ofmonkeys and

chimps are very similar, yet monkeys do not pass the mark test. Epstein et al.'s

suggestion that the failure of monkeys to pass the mark test is due to a failure to learn

the contingencies governing mirror use is clearly incorrect, given the extensive
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evidence that monkeys are capable of using mirrors to direct their reach and gaze (see

Table 1.2). Furthermore, they give no indication that their pigeons are capable of

using the mirror outside of the experimental context in order to explore unseen parts of

their bodies, as great apes do. Finally, Gallup (1985) cites a report that failed to

replicate the Epstein et al. study (Gelhard, Wohlman, and Thompson, 1982).

Pepperberg et al. (1995) described the responses of two African grey parrots

(Psittacus erithacus) to their mirror images, as well as their ability to use the mirror to

find hidden targets visible only in the mirror. Although not given a formal test of self-

recognition, "neither bird clearly demonstrated self-exploratory behavior but responded

instead in ways similar to those of marmosets, monkeys, dolphins, extremely young

children (<18 months), and to the initial responses of orangutans and young

chimpanzees." The authors also cite eight studies covering ten species of birds which

failed to demonstrate self-recognition after mirror-image stimulation.

Humphrey (1976) argues that it is the complexity of primate society that leads to

primate intelligence, and thence to self-awareness. Other species that live in complex

social groups would therefore seem to be likely candidates to test for mirror self-

recognition. Furthermore, Gallup (1982, 1985) argues that animals capable of self-

recognition should also demonstrate intentional deception, attribution, and a variety of

other behaviours, so animals that display intentional behaviours should have the

potential for mirror self-recognition.

On this basis bottlenose dolphins (Tursiops truncatus, T. aduncus) would appear

to be an excellent choice for mirror self-recognition studies, given their complex social

structure, their large brains in relation to body size, and their ability to imitate novel

actions and sounds (which presupposes secondary representation). However, given

dolphins' lack of a grasping appendage, the standard mark test must be modified. The

usual procedure has been to surreptitiously mark the conscious dolphin on the flank

with white zinc-oxide cream, and then observe its reactions both without and with a

mirror, to see if it shows evidence of using the mirror image to inspect the otherwise

invisible mark. Two studies (Marino, Reiss, and Gallup, 1994; Marten and Psarakos,
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1994) have provided highly suggestive results which seem to indicate mirror self-

recognition - when the mirror was introduced the dolphins' swimming style changed, as

though they were trying to monitor their mirror image. However, given that a clearly

discernible criterion response (such as touching the mark) is not possible for dolphins,

there will have to be more studies done before it can be stated conclusively that

dolphins can mirror self-recognize. A promising avenue of research, partly explored by

Marten and Psarakos, is the use of video images to provide several different image

conditions, such as contingent images of self versus non-contingent images of self or

others.

Povinelli (1989) argues that "the naturally curious demeanor of elephants, the

remarkable dexterity of their trunks for use in inspecting their environment and

themselves...and their reputed intelligence" make them likely candidates for mirror self-

recognition. He gave two female Asian elephants (Ambika and Shanthi) six days of

continuous mirror exposure, and on the sixth and seventh days (respectively) the

elephants were given a modification of Gallup's mark test. Rather than anaesthetizing

the subjects, they were wiped on the ear, the side of the head, and over the eye with a

cloth containing white zinc-oxide cream. On days three and four of mirror exposure,

the elephants had received several sham markings with a wet cloth, to see if they

would systematically investigate the 'marked' areas, but they did not do so. Prior to

being marked with the zinc-oxide the elephants were given peppermints and menthol

tablets to reduce the possibility that their well-developed sense of smell would give

them a cue as to the location of the marks. The elephants were observed for 15

minutes in the absence of the mirror and 15 minutes with the mirror present, and all

mark-directed behaviours were recorded.

On the first day of mirror exposure both elephants frequently engaged in visual

exploration of the mirror in which the head of the elephant was swung from side to

side, allowing both eyes to scan the mirror in rapid succession. By day two the

frequency of this behaviour dropped markedly for both subjects and remained low for

the rest of the mirror exposure period. The elephants would also position themselves
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in front of the mirror and moniior the mirror image with one eye; Ambika showed quite

constant, high frequencies of mirror monitoring throughout the exposure period,

whereas Shanthi's monitoring behaviour was more erratic and generally much lower.

Neither subject was ever observed to engage in self-exploratory behaviour in front of the

mirror.

The results of the first mark tests were entirely negative: neither subject made any

mark-directed responses in either the control or mirror conditions. On another mark test

carried out four days later, Ambika made two mark responses in the control condition

and five in the mirror condition, whereas Shanthi made zero mark responses in the

control condition and seventeen in the mirror condition. This would appear to be

convincing evidence for mirror self-recognition, but Povinelli noted that Shanthi's mark-

directed responses began before she had seen herself in the mirror. He concluded that

the marking substance used in the test, red and yellow finger paint, had provided the

elephants with an olfactory or tactile cue. The results of two further mark tests were

also negative. The failure of the elephants to pass the test cannot be attributed to a lack

of interest in exploring the marks, because during the first mark test Shanthi showed

great interest in Ambika's marks, and even touched them. Povinelli further

demonstrated that elephants are capable of using mirrored information to locate

otherwise hidden food, responding appropriately even on trial one to novel placement of

food items, and concluded that "possession ofmirror-mediated abilities is not a sufficient

condition for the development of self-recognition."

evidence for markers of mind in primates and non-primates:

The observed differences in performance on the mark test between great apes on

the one hand, and monkeys and most non-primates on the other, would appear to

support the distinction between first- and second-order awareness. Gallup and others

(e.g. Povinelli 1987) argue that MSR is possible only in animals that have second-order

awareness, and that MSR can therefore serve as an objective measure of self-awareness.

Success on the mark test is considered to be indicative of MSR, but only when the
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appropriate controls are present and when it is also accompanied by spontaneous mirror-

mediated self-directed behaviour (Gallup 1994). Other researchers (e.g. Mitchell 1993,

Heyes 1994) assume that the cognitive capacities underlying MSR require only first-

order awareness, so that failure to pass the mark test is due not to the lack of a self-

concept, but some other cognitive capacity such as the ability to objectify body parts

(Mitchell's deductive theory) or the ability to use novel, spatially displaced visual

feedback to direct behaviour (Heyes). However, I have argued (p. 24) that a first-order

aware animal might (implicitly) recognize itself in a mirror, but that it would

nevertheless fail to pass the mark test.

Gallup also claims that mirror self-recognizing animals should show a host of other

behaviours, such as intentional deception and empathy, that are only possible for a self-

aware animal. Table 1.2 therefore lists the evidence for testing movement contingency,

understanding mirror correspondence, and success on the mark test, as well as evidence

for intentional deception, imitation, and attribution of ignorance, which are usually

assumed to require secondary representation and therefore second-order awareness.

Testing movement contingency involves making rhythmic body movements in front

of the mirror while watching one's mirror image, which in humans develops several

months before the ability to respond correctly on the mark test (p. 25). Individuals from

several monkey species and some non-primates show evidence of such behaviours,

which suggests at least first-order awareness. The great apes also make contingent

facial expressions in front of the mirror ('making faces'), which in humans parallels

success on the mark test. Evidence for an understanding mirror correspondence (the

property of mirrors to reflect accurate, contingent images of objects in front of them)

involves using a mirror image to direct one's reach or gaze towards the real-world

source of the image; all of the monkey species tested for this capacity have shown it, as

have all of the great apes and several non-primate species. One should note, however,

that such mirror-mediated searching may sometimes be the result of other, simpler,

cognitive processes such as associative learning.
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Evidence for mirror self-recognition is based on spontaneous self-directed

behaviours that are guided by the mirror image, as well as success on the mark test: all

of the great apes meet these criteria, whereas none of the monkeys tested have met both

criteria. In addition to the species listed in Table 1.2, Gallup (1977, 1982) notes that

liontailed macaques, spider monkeys, mandrills, hamadryas baboons, olive baboons, and

two species of gibbon have all been tested for MSR and failed. Epstein et al. (1981)

trained three pigeons to respond appropriately on the mark test, but they did not show

any other indication ofMSR, such as mirror-guided self-exploration. Dolphins cannot

pass the mark test in the conventional way, since they do not have limbs that can touch a

mark, but the behaviour of marked dolphins in front a mirror suggested that they

recognized their own reflections.

With regards to those behaviours that Gallup considers indicative of second-order

awareness, intentional deception involves trying to alter the mental state of the target so

as to deceive them, attribution of ignorance is the ability to represent that another

individual lacks specific information, and a capacity for imitation requires an animal to

accurately copy novel motor acts. The great apes show evidence for all three abilities,

whereas monkeys show evidence for none of them. Monkeys were once believed to be

excellent imitators, but current thinking is that their performance is due to social learning

mechanisms rather than 'true' imitation, which is often assumed to require secondary

representation {e.g. Byrne 1994, 1995; Whiten and Byrne, 1991; Whiten and Ham,

1992). African grey parrots and bottlenosed dolphins have also provided convincing

evidence of both vocal and motoric imitation (Moore 1993; Taylor and Saayman, 1973).
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movement

mirror

self-directed

marktest

intentional
attributionof

imitation

contingency
correspondence

behaviours

deception

ignorance

chimpanzee

yes

yes

yes

yes

yes

yes

yes

orang-utan

yes

yes

yes

yes

yes

7

yes

gorilla

yes

yes

yes

noa

yes

7

yes

long-tailedmacaque

7

yes

no

no

no

7

no

Japanesemacaque

?

yes

no

nob

no

no

7

pigtailmacaque

yes

yes

no

noc

no

7

7

rhesusmacaque

7

yes

no

no

no

no

7

stumptailmacaque

?

7

no

no

no

7

no

Tonkeanmacaque

7

yes

no

no

no

7

7

red-cappedmangabey

yes

yes

no

7

no

?

7

grey-cheekedmangabey
no

yes

no

7

no

7

7

pygmymarmoset

yes

yes

no

?

no

7

7

capuchinmonkey

yes

yes

no

7

no

?

no

squirrelmonkey

7

7

no

7

no

7

7

WhiteCarneauxpigeon
7

yes

no

yesd

7

7

7

Africangreyparrot

yes

yes

no

7

7

?

yes

bottlenosedolphin

yes

7

no

yese

7

7

yes

Asianelephant

7

yes

no

no

7

?

7

Notes.Seetextfordefinitionsofcolumnheadings.A'?'meansonlythatmysourcearticlesdidnothavethisinformation-itisnotindicativeofabsence.Evidenceof capacitiesinTable1.2aretakenfromthefollowingsources:Anderson,1983,1984b,1986;Anderson&Roeder,1989;Bayart&Anderson,1985;Boccia,1994;Byrne &Whiten,1992;Cheney&Seyfarth,1990b;Collinge,1989;deWaal,1988;Eglash&Snowdon,1983;Epstein,Lanza,&Skinner,1981;Itakura,1987a,b;Marino, Reiss,&Gallup,1994;Marten&Psarakos,1994;McKiggan,thisthesis;Marchal&Anderson,1993;Mitchell,1993,p.301;Mitchell&Anderson,1993;Moore, 1993;Patterson1984;Pepperbergetal.,1995;Piatt&Thompson,1985;Povinelli,1989;Povinelli,Nelson,&Boysen,1990;Povinelli,Parks,&Novak,1991; Riviello,Visalberghi,&Blasetti,1992;Russon&Galdikas,1993;Suarez&Gallup,1981;Taylor&Saayman,1973;Thompson&Boatright-Horowitz,1994;Whiten &Ham,1992,p.262. aTwosign-usinggorillashavepassedthemarktest(PattersonandCohn,1994). bOnesubjecttouchedthemarkthreetimes,butthiswasnottakenasconclusiveevidenceofself-recognition(Itakura,1987b). cBoccia(1994)andIhompsonandBoatright-Horowitz(1994)eachclaimtohaveonemonkeythatpassedthemarktest,buttheevidenceisopentodebate. ^Gallup(e.g.1982,1985)arguesthatthemark-directedbehaviourofthesepigeonsisfundamentallydifferentfromthatofchimpanzeesanddoesnotindicateMSR. eSubjectsmarkedontheflankwithzinc-oxidecreamrevealedbytheirdistortedswimmingpatternthattheywereinvestigatingthemark-suggestivebutnotconclusive.
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Displaced images - prisms, mirrors, and videos

adaptation to displaced images:

For over a century psychologists have studied the effects of optical devices that

displace, reverse, or invert the retinal image. When such a device is first put on,

behaviour is disrupted as a result of the visual distortion; however, in time behaviour

returns to normal - the subject adapts. It is also possible to study adaptation of

behaviour to images that are displaced in space, such as mirror or video images. This

has clear implications for an understanding of MSR, so this literature will be briefly

reviewed.

The question that interested early researchers was the site of adaptation: did the

visual system adapt so that the new stimuli were perceived in the old way, while

behaviour remained the same; did the motor system adapt so that behaviour changed to

accommodate the new visual experience; or was it the interface between the visuo-

motor system that adapted? Held (1965) argued that adaptation is not the result of a

learning process whereby error is recognized and then corrected; instead he proposed a

single model of visuo-motor coordination which he claimed could explain "(1) the

development of normal sensory-motor control in the young, (2) the maintenance of

that control once it has developed and (3) the adaptation to changes or apparent

changes in the data reported by the senses of sight and hearing." According to Held

the fundamental requirement for adaptation to occur is self-produced movement with

the concomitant experience of reafference, which is "neural excitation following

sensory stimulation that is systematically dependent on movements initiated by the

sensing animal" (p. 85). The model is essentially a servo-mechanism which functions

as a self-correcting process to maintain coordination between the visual and motor

systems; any mismatch between the current reafferent signal and a stored reafferent

signal that is revived by the current efferent signal results in adjustment of behaviour.

Although Held's model has inspired much research, in the final analysis it is

unsatisfactory, because a servo-mechanical control system cannot account for the
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initial development of coordination, nor adaptation to a new coordination (Flook 1978,

pp. 17-20).

Other models seek to explain adaptation as an adjustment of the perceptual

system, either visual (see Flook 1978, pp.21-33 for a review) or proprioceptive (Harris

1965), whereas others suggest that behavioural adjustment mediates perceptual change

(see Flook 1978, pp. 36-44). Howard and Templeton (1966) argue that the site of

adaptation varies according to what part of the total control system is involved in the

response, such that "recalibration occurs only in that part of the system which the

training procedure demands" (p. 380). Similarly, Prablanc et al. (1975; cited in Flook

and McGonigle, 1977) note that "It is probably more fruitful to consider prism

adaptation as a process aimed at resolving the visuomotor conflict by using any

available cue rather than as a process relying on a single specific mechanism".

More recently it has been demonstrated that adaptation is not transient (as was

commonly supposed), but has long-term effects, as well as demonstrating "learning to

learn" effects (Flook and McGonigle, 1977; Flook, 1978; McGonigle and Flook,

1978). These authors tested the effect of prismatic rearrangement on reaching in

squirrel monkeys (Saimiri scuireus). Subjects were placed in a test chamber with a

small window on each end; below each window was a ledge containing four food

wells. By reaching through an aperture below the ledge the subjects could obtain a

bait placed in one of the food wells, but the subjects could not see their hands until the

terminus of the reach. Outside of one window was a wedge prism holder containing a

base-left prism and outside the other a base-right prism. The subjects were given

blocks of trials alternating between the two prisms.

Flook and McGonigle (1977) found that the squirrel monkeys rapidly adapted to

the displacement caused by the prisms, as evidenced by a reduction in error (distance

from target at terminus of reach) on successive trials. Of particular interest, however,

was the fact that after an initial drop in performance following the first shift from one

prism to the other (caused by interference), the monkeys showed a serial improvement
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effect for both prisms. The monkeys were less successful with the second prism as a

result of negative adaptation transfer, but they eventually achieved near perfect

performance with both prisms, even when they alternated between prisms on every

trial. Furthermore, the test-sophisticated monkeys were capable of reaching directly to

the target on the very first trial after a prism shift. Even when both prisms were

presented at the same window (thus eliminating location as a cue to which prism

condition was in effect), the subjects were able to maintain a high level of performance

with both prisms. McGonigle and Flook (1978) obtained the same results profile with

human subjects.

Flook and McGonigle (1977) therefore argue that adaptation to prismatic

rearrangement in both monkeys and humans can be explained as a form of motor

learning whereby accurate response differentiation develops on the basis of response-

produced feedback. As Howard and Templeton (1966, p. 375) put it: "learning to

adapt to distorted vision involves a high-level habit substitution mechanism." Flook

and McGonigle (1977) observed that multiple adaptations to different prisms can be

maintained simultaneously; furthermore, the predictive nature of the subjects'

performance indicated that they were using exteroceptive cues to determine the

appropriate adaptation response.

Although we do not yet know how precisely the monkey can leam to regulate
his action in relation to exteroceptive cueing - or even if exteroceptive cues are
always necessary (monkeys may need them more than humans), the suggestion
arises that adaptation which occurs when the error provoked by prisms is well
outside the normal range of error for comparable (nondistortion) tasks affords
the subject an opportunity not only to compensate for any error so induced, by
means of feedback information, but additionally to link such exteroceptive
information which happens to coincide with the occasion of error as the basis
of a feed-forward system which can put the organism in a state of readiness
for future compensatory demands should these conditions recur, (p. 29)

It is reasonable to suppose that motor learning of this sort may be involved in the

ability to use spatially displaced images such as mirror reflections or televised (video)

images.
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use of video images by chimpanzees:

In addition to mirrors, a variety of studies of human infants have used

simultaneous and delayed video images to study the development of self-recognition

and understanding of contingency (reviewed in Anderson, 1984a). In contrast, very

few studies of non-human primates have used video images (Law and Lock, 1994;

Menzel, Savage-Rumbaugh, and Lawson, 1985). At the time of the Menzel et al.

study the great apes were the only animals other than humans that had been observed

to use mirror images to direct their search for otherwise invisible targets (touching

marks on their heads). However, Eglash and Snowdon (1983) argued that the ability

of their pygmy marmosets to direct threat displays to the real rather than virtual

location of a conspecific amounted to much the same thing (see above, p. 30). Menzel

et al. (1985) disagreed, and sought to specify more precisely just what chimpanzees

were capable of by using mirror-guided and television-guided reaching tasks similar to

those used in the study of adaptation to displaced vision (as in Smith and Smith, 1962).

The subjects were two adult male chimpanzees that spontaneously inspected

otherwise invisible parts of their bodies with the aid of a mirror image - although not

given a formal mark test, this was taken as sufficient proof of mirror self-recognition.

In the first study the subjects had to reach through a hole in a wall and search the

opposite (non-visible) surface for a piece of fruit stuck to the wall; a mirror placed

directly opposite the hole gave them the opportunity to use the mirror image to direct

their search. From the first trial onwards the chimpanzees used the mirror image to

determine the location of the fruit and rapidly take it. In contrast, attempts to shape

such mirror-guided reaching in four rhesus macaques failed. They could learn to find

the target if only two locations were used on successive trials, but on the first trial of a

novel target location the monkeys never reached directly to the target, nor could they

avoid a novel barrier blocking the path to the target except by touch. Menzel et al.

noted that the pygmy marmosets of Eglash and Snowdon (1983) were not given

transfer tests of this sort.
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In another series of experiments the chimpanzees had to reach through the hole

and search the opposite surface of the wall, but this time the target was an ink spot that

provided no tactile cues. One or more colour monitors were located in the room with

the chimpanzee; a video camera in the adjacent room filmed the target surface and sent

a real-time video image to one of the monitors. The chimpanzees were not told when

they had contacted the target; to get their reward they had to stop working and reach

towards one of the experimenters. Menzel et al. note that on the first ink spot trial

"each animal immediately withdrew his hand on making contact with the spot and (in

the same motion) sniffed and then looked at his fingers" (p. 212). This is the same

behaviour that Gallup (1970) observed from chimps exploring marks on their own

faces. The chimpanzees were able to consistently find the target even when the

orientation of the video image changed from one trial to the next, switching in a quasi-

random fashion between normal, left-right reversed, up-down inverted, and

reversed/inverted. Given that from one trial to the next there was:

zero correlation between the loci of the images of the target spots on the
monitor and the loci of the 'real' targets on the backside of the door, there was
no way for the animals to solve this task without moving their hand in
whatever way it took to bring its image into contact with that of the target.

Menzel et al. concluded that, like humans, chimpanzees were capable of mirror-

guided behaviours that had yet to be demonstrated in any other species. Although they

argue that the chimpanzees were successful because they recognized that the image on

the monitor was an image of their own hand (p. 214), i.e. that the chimps were second-

order aware, they also note that this experiment suggests specific mechanisms that

might account for observed species differences, and "these mechanisms can be

described without taking side on debates as to whether animal behavior is best studied

by a cognitive rather than noncognitive approach" (p. 216). Specifically, they suggest

that species or individual differences on tests of self-recognition such as the mark test

might be due to differences in the ability to adapt to spatially displaced images, but that

the presence of such adaptability need not be a sufficient condition for MSR.
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cognitive processes mediating the use of displaced images:

Menzel et al. thus argue that the successful performance of their chimpanzees

depended on mirror-guided behaviour, the ability to continuously monitor the visual

feedback from a moving image of one's hand and to use this information to direct the

movement of that hand. They considered it unlikely that monkeys and non-primates

would be capable of such behaviour, and instead attributed the performance of their

rhesus macaques to mirror-mediated spatial discrimination, the ability to use a mirror

image to find a target when only a few, fixed target locations are used on successive

trials.

It is clear that there is a hierarchy of cognitive processes that may be involved in

the mirror- or video-mediated acquisition of hidden targets such as food. The simplest

way in which a mirror image can have a beneficial effect on an animal's performance is

through social facilitation, the subject's reflection appears to the subject to be a

conspecific, and the reflection's behaviour provokes a change of behaviour in the

subject, facilitating either a general increase in activity or an increase in specific

behaviours (e.g. Byrne 1995, p. 58). This increase in activity increases the subject's

chances of finding the target by chance, relative to its behaviour in the absence of a

mirror. Bayart and Anderson (1985) and Straumann and Anderson (1991) have

demonstrated mirror-induced social facilitation of drinking but not object manipulation

in Tonkean macaques (Macaca tonkeana) and stumptailed macaques (M arctoides),

respectively.

The next level of complexity is what Povinelli (1989) calls mirror-triggered

searching, the subject learns to use a mirror (or video) image as a cue to search in a

few fixed locations that have been baited in the past. Having had experience retrieving

hidden food targets in the presence of a mirror or video, the subject learns to associate

the image of a target with previous experiences of finding food in certain locations.

The subject therefore uses the mirror or video image to initiate an indiscriminate search

of familiar target locations; it would only be able to find targets placed in novel

locations through trial and error. An animal capable of mirror-triggered searching
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need not understand that mirror images are accurate, contingent representations of real

objects, nor be able to use the mirror to locate objects. The information learned by an

animal capable of mirror-triggered searching can be framed in terms of either

procedural or declarative knowledge (see p. 9), thus such an animal could be either

zero- or first-order aware.

Mirror-triggered searching would appear to be similar to what Menzel et al.

(1985) call mirror-mediated object discrimination and mirror-mediated spatial

discrimination. In mirror-mediated object discrimination the target, once seen in the

mirror, can be reached for directly. In mirror-mediated spatial discrimination the target

is placed such that the subject cannot see its hand as it reaches for the target. The

main difference between these two abilities and mirror-triggered searching is that

whereas in the latter the mirror image causes the subject to indiscriminately search the

known target locations, in the former the subject can use the mirror image as a cue to a

specific target location. Thus the subject learns to associate a particular mirror (or

video) image with a particular target location; Menzel et al. assume that only a small

number of target locations could be 'learned' in this way. As with mirror-triggered

searching, subjects have no understanding of mirror (or video) correspondence and

would be unable to find targets placed in novel locations except by trial and error.

Another process that may be involved in the mirror- or video-mediated acquisition

of hidden targets is visuo-motor adaptation to the displaced image. This explanation

appears to have been overlooked by most researchers (e.g. Anderson 1986; Itakura

1987a,b; Menzel et al. 1985; Mitchell 1993), and even when described by an author it

is usually not explicitly referred to as visuo-motor adaptation (e.g. Heyes 1994;

Pepperberg et al. 1995; Povinelli 1989). Given sufficient experience with mirror (or

video) images a subject might learn to modify its responses so as to reach directly

towards the real-world location of the target rather than towards the mirror (or video)

image of the target. That is, the subject displays motor learning wherein accurate

response differentiation (reaching directly to target) develops on the basis of response-

produced feedback (obtaining the target) (Flook and McGonigle, 1977). This may
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seem similar to mirror-mediated spatial discrimination, in which a subject learns to

associate an image in a particular location with a specific target. However, a subject

capable of visuo-motor adaptation learns to respond appropriately to the entirety of the

displaced visual field (everything reflected in the mirror or displayed on the video

monitor), rather than just the images of specific targets.

The subject therefore uses the location of the image of the target to direct its reach

towards the target's corresponding real-world location, but it does not monitor the

image of its hand as it reaches. Given that visuo-motor adaptation involves an overall

shift in response habits to compensate for a displaced visual field, rather than

associations between specific images and motor responses, one might reasonably

expect a subject to use the mirror or video image to reach directly to novel target

locations, so long as the necessary reaching movement is not too different from that

required for reaching to familiar targets. Visuo-motor adaptation will generalize to

different tasks, but there is an increasing decrement in performance as the transfer task

differs from the training task (Howard and Templeton, 1966). An animal whose

image-mediated search behaviour depends on visuo-motor adaptation need not

understand (i.e. represent) that the mirror or video images it responds to resemble and

are contingent with real objects. Since what is learned are new procedural rules, such

an animal need only be zero-order aware.

The ability to recognize that mirror images resemble and are contingent with real

objects has been referred to as an understanding ofmirror correspondence (Mitchell

1993). Mitchell argues that: "Organisms can respond to stimuli presented in a mirror

presumably because they understand that mirrors reflect accurate and contingent

images of objects in front of them, a property of mirrors which I call the property of

mirror-correspondence" (p. 298). This would appear to be similar to what Povinelli

(1989) calls mirror-mediated spatial locating; in his words "the animal is required to

understand the correspondence between the object's relative position in a mirror and

the real world counterpart to the position" and recognize "the duality implicit for

objects in the mirror and the environment" (p. 129). According to Pepperberg et al.
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(1995, p. 193), such an organism possesses "visio-spatial problem-solving skills." As

with visuo-motor adaptation, the subject attends only to the image of the target and

reaches to the corresponding real-world location. Given that the subject has a genuine

understanding of how mirrors work, novel target locations should not affect

performance. Such an understanding would require primary representation, and thus

be indicative of first-order awareness. Mitchell (1993, p. 301; see also this thesis, p.

37) tabulates a variety of species which he feels have provided evidence for an

understanding ofmirror correspondence; however, the performance in some cases may

have been merely the result of associative learning. The critical test to demonstrate an

understanding mirror correspondence - the ability to reach directly for novel target

locations - was not always given.

It is unclear how one might distinguish between behaviour that is the result of

visuo-motor adaptation versus the sort of visuo-spatial problem solving entailed by an

understanding of mirror correspondence (mirror-mediated spatial locating). In fact,

such a distinction might be irrelevant. Having used its understanding of mirror

correspondence to determine the real-world location of a reflected object (visuo-spatial

problem solving), the subject's reaching response could then be the result of visuo-

motor adaptation. This explanation actually applies to mature humans, as evidenced by

the fact that search behaviour with a video image is initially disrupted relative to

behaviour with a mirror image (see below). However, humans also have additional,

more complex cognitive processes that govern mirror- and video-mediated searching.

The most complicated cognitive process governing image-mediated acquisition of

hidden targets is what Menzel et al. (1985) refer to as mirror-guided behaviour, which

they define as the ability to use ongoing visual feedback from a mirror image to

continuously adjust one's search behaviour (motor responses), resulting in precisely

directed searches. Given that video images can be used as well as mirror images,

image-guided behaviour is a more appropriate description of this ability. The subject

attends to the relative positions of the moving image of its hand and the image of the

target, and as such performance should not be disrupted by novel target locations. On-
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line control systems such as tius are cognitively sophisticated and computationally

expensive; even we humans rely on visuo-motor adaptation more than we realize. This

becomes clear when one tries for the first time to guide one's behaviours (e.g. knot a

tie) with a simultaneous video image rather than a mirror; performance is stumbling

and requires considerable attention to detail to compensate for the unfamiliar

behaviour of the image.

Menzel et al. argue that animals capable of recognizing themselves (and therefore

second-order aware) should be capable of image-guided behaviour, but that the reverse

need not be true. An animal capable of adapting its search behaviour in response to

continually changing visual feedback need not recognize that the visual stimulus is in

fact an accurate representation of its hand - a light that moves contingently with the

animal's hand would serve the same function (see Rumbaugh et al. 1989). Image-

guided behaviour may therefore be a necessary but not sufficient condition for MSR.

It would appear that image-guided behaviour is indicative of at least primary

representational abilities (first-order awareness), and in some cases secondary

representation (second-order awareness) as well.

Broadly speaking then, there are three ways in which an animal can actively use a

mirror (or video) image to obtain a hidden target: 1) it can use the image as a cue to

search locations that have been baited in the past (mirror-triggered searching/mirror-

mediated object and spatial discrimination); 2) it can use the location of the image to

reach towards the corresponding real-world location of the target (visuo-motor

adaptation/mirror-mediated spatial location/understanding of mirror correspondence);

or 3) it can monitor the relative positions of the image of its hand and the image of the

target and use this feedback to guide its search (image-guided behaviour). These

capacities are not mutually exclusive, and the same animal might use different

processes in different circumstances (e.g. visuo-motor adaptation for familiar targets,

image-guided behaviour for unfamiliar targets). An animal that uses the mirror image

only as a cue to search can be distinguished from the others by its inability to respond



Are chimpanzees capable of image-guided behaviour? 48

appropriately to novel target locations. Given that an animal capable of image-guided

behaviour can continuously monitor the moving image of its hand, its performance

should be only minimally disrupted by a reversal or inversion of the image, whereas the

performance of animals capable only of visuo-motor adaptation would suffer (at least

initially).

It is unlikely that performance at any particular level of complexity is an all-or

nothing affair; rather, one might expect a gradient of ability within each category. For

example, the number of target locations that can be learned by a subject that relies on

mirror-triggered searching or mirror-mediated spatial discrimination might vary from

as few as one or two (as assumed by Menzel et al., 1985) to many. Subjects capable

ofmonitoring the moving image of their hands (image-guided behaviour) might vary in

their ability to use that information to direct their search behaviour, and would thus

show variation in their ability to find the target. Or the ability to perform correctly

with reversed or inverted images might vary as a result of differences in

accommodation to the disruption caused by the unfamiliar behaviour of the image.

Furthermore, a subject's experience might also have an effect on its ability to express

an existing capacity. Shaping specific behaviours (Menzel et al. 1985), or extensive

training with only a few locations (Itakura 1987a), might result in a rigidity of

behaviour that obscures the subject's true potential.

are chimpanzees capable of image-guided behaviour?:

Menzel et alls claim that chimpanzees are capable of image-guided behaviour has

not gone unchallenged. For example, Brechmann, Ettlinger, and Skreczek (1989)

tested children aged two to nine years using a procedure based on Menzel et al.

(1985). They observed that only children three years or older succeeded on the task,

and concluded that Menzel et alls chimpanzees must have been using visual cues to aid

their performance, as it was unlikely that chimpanzees could be capable of tasks that

2.5 year old humans could not do.
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In the Brechmann et al. study the children sat beside a wall which contained a hole

through which they could reach their preferred hand. On the opposite side of the wall

was marked a grid on which non-tactile targets could be placed. Directly opposite the

target area was a video camera which sent an image to a monitor placed either behind

or beside the child. Light sources were positioned such that no gradient of illumination

existed across the target zone, and the hole was curtained so that the child could not

see the effect of its hand movements until it had reached through the hole in the wall.

The video image could be switched electronically to produce left-right reversed, up-

down inverted, and inverted/reversed images. The experiment consisted of three

phases, with a different group of subjects used for each phase.

Prior to the start of the experiment Brechmann et al. assumed that the reversed

image would be the easiest for the children to use, because under those conditions a

target to the right of the camera (from the camera's point of view) would appear to the

right of the monitor screen ('right gives right' baseline). Thus in phase 1 of the

experiment the monitor was placed behind the children and they were given seven

practise trials with a left-right reversed image, followed by eight practise trials each

with a standard (unswitched) image and an inverted/reversed image (i.e. left-right or

up-down reversed relative to the presumed baseline condition). The children then

received in random order two test trials for each of the four image conditions, first

with the monitor behind them, then with the monitor beside them. The children were

not told that the test trials included an unfamiliar type of image (inverted).

Regardless of whether the monitor was placed behind or beside the subjects, and

for all age groups (5, 7, and 9 years), subjects reached the target most quickly in the

standard image condition, followed by the reversed condition (the supposed baseline),

the inverted condition, and most slowly in the inverted/reversed condition. Brechmann

et al. were surprised by this result, for they had erroneously assumed that a reversed

image formed the baseline condition in the Menzel et al. study, despite the fact that it

is clearly stated that an unaltered video image formed the baseline condition. The

confusion is due to the fact that Brechmann et al. describe the target's position from
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the camera's point of view, whereas Menzel et al. describe the target's position from

the subject's point of view. Thus the 'right gives right' baseline used by Brechmann et

al. is actually equal to 'left gives right', whereas 'right gives right' applies to the

standard image.

The procedure in phase 2 was the same as for phase 1, only the standard

(unswitched) image was used as the baseline condition. All of the 2 and 2.5 year old

children failed to touch the target within the required time. In general all of the other

children (3, 4, 5, and 6 years of age) were fastest with the standard image, followed by

the reversed, then inverted, and finally the inverted/reversed images. Monitor position

(behind or beside) had no effect on performance. In phase 3 the children watched the

monitor in a mirror fixed above the search hole, to simulate a monitor placed in front

of them rather than behind them. To compensate for the reversing effect of the mirror

image, the standard and inverted images were electronically reversed. As in phase 2,

all of the 2 and 2 .5 year old children failed on all trials, whereas the other children (3 to

6 years) were fastest with the standard image and slowest with the inverted/reversed

image. Interestingly, however, they were faster with the inverted image than they were

with the reversed image, contrary to the results of the previous two phases.

Brechmann et al. note that "Since our children had to be aged 3 years or older

before the majority could perform our task, and it seems prima facie unlikely that

chimpanzees can attain skills that 2.5-year-old human children cannot, we need to ask

how the chimpanzees, but not the monkeys, ofMenzel et al., seemed to succeed." (p.

1395). They argue that two factors might have contributed to the chimpanzees'

performance. First, given that the search hole was not curtained, the subjects might

have determined which image condition was in effect before reaching out, either by the

"orientation of the background seen on the monitor, or by the direction of its hand seen

in the monitor to be moving in front of the opening". Second, if care was not taken to

eliminate any illumination gradient across the target zone, the chimpanzees could have

used the orientation of the light gradient as a cue to which image condition was in

effect.
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Although not stated explicitly, Brechmann et al. appear to be suggesting that the

chimpanzees' performance was based not on image-guided behaviour, but rather was

the result ofmultiple visuo-motor adaptations which they could apply selectively based

on visual cues which indicated which image condition was in effect. However, their

argument is far from convincing. First of all, I see no reason why it is "prima facie

unlikely" that an adult chimpanzee should be capable of visuo-motor skills that are

beyond a human child of only 2.5 years - the former is developmental^ mature, the

latter is not! Of the potential cues they claim the chimpanzees might have been using,

the monitor showed only the target zone, so there was no "background" whose

orientation might have signalled which image condition was in effect. The subjects

could have seen their hands moving in front of the search hole, but if they could take

account of the direction of movement, they must have been tracking the image, i.e.

image-guided behaviour. The only viable cue proposed by Brechmann et al. was the

illumination gradient. However, they fail to explain why the chimpanzees would be

able to use these cues and not the monkeys. Furthermore, the suggestion that the

chimpanzees were using visual cues to aid their performance does not explain how they

learned which movements to associate with those cues - how could they have

succeeded initially without the ability to track the movements of their hands and

thereby guide their hands to the target?

Another challenge to Menzel et al. comes from Heyes (1994), who argues that

rather than monitoring the image of their hand, the chimpanzees used a visuo-motor

adaptation to reach towards the target, and if this was unsuccessful they reached in the

opposite direction or initiated a random search. However, this immediately begs the

question of how the subjects could have known when they had succeeded. Heyes

proposes that "Success was signalled by receipt of a reward, by the feel of the ink on

the grid, and/or by the disappearance of the spot on the monitor." (p. 914). Only the

last suggestion is plausible, since the subjects were only rewarded when they stopped

searching and reached towards the experimenter, and the human experimenters were

unable to feel the ink spot targets when they tried the task.
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Heyes suggests that the necessary control to determine if the chimpanzees were

really capable of image-guided behaviour would be to give them access to a pre¬

recorded video showing a target but not their hands. If the chimpanzees were

attending only to the image of the target one would expect them to search on such

control trials, whereas if their performance depended on image-guided behaviour they

would not search in the absence of an image of their hands. In fact Menzel et al. did

offer this type of control trial to the chimpanzees, but in a situation where they had two

monitors, one with the live image and one with the control. They observed that "the

chimpanzees began within two or three trials to stick their hand out 'into the picture'

only for an instant and then to either proceed as usual (if they had chanced to pick the

live image) or turn immediately to the other monitor (if they had picked the tape)" (p.

215).

Gallup et al. (1995) also make this point in their rebuttal to Heyes' critique.

However, in Heyes' (1995) reply to their rebuttal, she states:

It is true that, at some unspecified interval after collection of the data
discussed by Heyes (1994a), Menzel et al. watched the same chimpanzees'
reactions to a pre-recorded video of this kind, and reported the observers'
impressions that the animals found the target more readily when attending to
live recordings. This did not constitute a control condition, however, because
performance in relation to the live and pre-recorded videos was not compared
in any disciplined or quantitative way, and the two kinds of video were not
viewed under the same conditions; in the follow-up study the chimpanzees had
a choice of monitors to watch, whereas in the main study only one was
available, (p. 1541)

It would appear that ambiguous wording in the Menzel et al. report has led to a

misunderstanding on the part of Heyes. When describing their results, Menzel et al

first discuss the subjects' performance on the 10 trials for which search plots are given,

making reference to a follow-up test which took place 11 months later in which the

subjects showed even better performance. They then go on to discuss the various

control trials which the subjects received. Heyes has apparently interpreted this to

mean that the control trials were given in the follow-up test, whereas a careful reading

of the article makes it clear that the control trials were given in the main experiment.
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The procedure section states that "One or more color monitors. ..were located in the

animals' room..." (italics added).

Furthermore, Heyes does not address the other type of control trial used by

Menzel et al., wherein the video image was turned off just as the animals started to

reach for the target. Each time the chimps stopped searching and did not resume until

the image was turned back on. If the subjects were using a visuo-motor adaptation, as

Heyes suggests, one would expect them to continue searching unaffected. (Unless

they were using disappearance of the spot as the cue to signal reward, in which case

one would expect them to turn and request their reward from the experimenter.) Thus

neither Heyes (1994, 1995) nor Brechmann et al. (1989) provide convincing evidence

to discount Menzel et alls claim that their chimpanzees are capable of image-guided

behaviour.

potential evidence of image-guided behaviour in monkeys:

Menzel et al. (1985) thought it "unlikely" that monkeys would ever demonstrate

image-guided behaviour. Nevertheless, Anderson (1986) observed the spontaneous

use of a mirror image to direct searches for hidden food in two species of macaque

(.Macaca tonkeana andM. fasicularis). One individual of each species learned to use a

mirror to guide its hand to raisins stuck to a vertical surface; both the raisins and the

monkeys' hands while searching could be seen only in the mirror. Number of attempts

and time to find the raisin were considerably less when the mirror was present than

when it was not. Both animals searched much less or not at all if the mirror was

present but there was no food, but both searched at the normal rate if the mirror was

not present and there was no food. One subject was given a transfer test in which the

location of the baiting area was changed, and the subject was still successful at finding

the raisins. The ability of this monkey to find the raisins in a variety of target locations,

including novel ones, indicates that its behaviour is unlikely to be the result of mirror-

triggered searching or mirror-mediated spatial discrimination. Instead, its performance

may have depended either on an understanding ofmirror correspondence (visuo-motor
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adaptation to the displaced image) or on image-guided behaviour; however, the

protocol does not allow us to distinguish between these two possibilities. Marchal and

Anderson (1993) subsequently observed similar performances in two cebus monkeys

(Cebus capucinus), although these subjects were not given unbaited control trials or

transfer trials with novel locations.

Even more convincing is a study by Itakura (1987a) in which two macaques

learned to track a moving target using its mirror image. In a series of four experiments

Itakura trained two male Japanese macaques (Macacafuscata) to use a mirror to reach

for objects visible only in the mirror. In the first experiment the subjects had to reach

directly for the one box of three facing the mirror which contained a piece of apple. In

the second experiment a panel was attached to the front of the test cage, with the

mirror opposite, and the subjects had to find a piece of apple placed in one of several

boxes mounted on the side of the panel that faced away from them (which was

reflected in the mirror). At first only one box was mounted on the panel, followed by

two, four, and eight in successive phases.

In the third experiment the test apparatus consisted of a panel with one, two, four,

or eight keys, presented in successive phases. The subjects had to press the single

illuminated key in order to receive a piece of apple through a feeder. In the final

experiment the test apparatus consisted of a panel with twelve keys arranged in four

rows of three. In the first phase the subjects were rewarded for pressing a single

illuminated key. In the next phase, immediately after a lit key was pressed it went dark

and second, adjacent key was illuminated. The subjects were rewarded only if they

then pressed the second key. In subsequent phases the subjects had to press three and

finally four keys in sequence in order to obtain a reward. During a sequence the keys

were always adjacent and the direction of movement did not change. In a final test

phase the subjects were randomly presented with one, two, three, and four key

sequences. These same two monkeys passed a task equivalent to Bertenthal and

Fischer's stage four and would turn to face the real location of a mirrored object after
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observing its mirror image, winch was interpreted as an understanding of mirror

correspondence (Itakura, 1987b).

With regards to the key-tracking task, Itakura (1987a, p. 157) argued that:

...continuous monitoring of the relationship between the positions of the hand
and the target is required in the mirror. Not only must the monkey attend to
the mirrored image to locate the first key in the sequence, attention to the
mirrored image must be maintained for the sequence to be completed
successfully. In key-tracking the behavior pattern cannot be "preprogrammed"
prior to reaching towards the first key since the position of subsequent keys in
the sequence could not be predicted.

He claimed, therefore, that his subjects' success on the key-tracking task was due to

image-guided behaviour rather than visuo-motor adaptation or mirror-mediated spatial

discrimination. However, although these data provide the most suggestive evidence to

date of image-guided behaviour in monkeys, they do not actually prove that the

monkeys were continuously monitoring the relative positions of the mirror images their

hands and the lit key and adjusting their movements accordingly. It is true that they

would have had to continuously attend to the mirror image to succeed on the task, but

it is possible that the subjects were using only the image of the target to direct their

responses. Given that the next key in the sequence was not illuminated until after the

first one was pressed, they could have succeeded on this task by treating each key as a

separate target and attending only to the successive images of the targets, rather than

to the image of their hands. The subjects' performance could therefore be the result of

visuo-motor adaptation (understanding of mirror correspondence), or possibly even

mirror-mediated spatial discrimination.

Itakura himself stated that "It is an open question whether our monkeys were

visually taking into account the positions of the mirror image of their hand relative to

that of the light" (p. 160), although he felt that "it is most unlikely that the precise skill

shown by our monkeys in the final stage of Experiment 4 had been developed except

by visual feedback from the mirror image of their own hand." In support of this he

notes that after the eight boxes task in Experiment 2 the monkeys were given an

informal test in which the mirror was covered just before the monkeys could respond.
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One subject chose the correct side from which to search, but did not extend its hand,

whereas the other searched without attending the mirror, and failed to find the target.

Although suggestive, mirror experiments such as these can never provide

conclusive evidence of image-guided behaviour. The problem lies in the fixed nature

ofmirror correspondence: the same spatial relationship always exists between a mirror

image and its real-world source. Thus, for example, a target located to my right will

always appear on the right side of the mirror image, rather than sometimes right,

sometimes left, and sometimes up or down. It is therefore possible to learn to

associate a particular visual stimulus (mirror image) with the particular motor pattern

that leads to a reward; under such circumstances it is not necessary to continuously

monitor the mirror image to find the target, because the target will always be where

one expects. What is needed is a situation wherein no consistent spatial relationship

exists between the mirror image and its real-world source, thus forcing the subject to

make use of intratrial visual feedback from the image to determine the target's location.

Under these circumstances a visuo-motor adaptation is not an effective strategy. The

dissociation between a target's image and its real-world location can be achieved by

using simultaneous video images that have been reversed or inverted, as Menzel et al.

(1985) have done.

In an attempt to prove conclusively that monkeys are in fact capable of image-

guided behaviour, I carried out a series of experiments with two species of mangabey

(Cercocebus t. torquatus and C. a. albigena), with the ultimate goal of replicating

Menzel et alls results. Neither of these species have ever been used before in any sort

ofmirror paradigm. In Experiment 1 the subjects were tested using a procedure based

on Anderson (1986). The aim was to replicate Anderson's results and find mirror-

using monkeys that could then go on to serve as subjects in a video experiment, but

also to extend his results by using mirror-naive rather than mirror-experienced subjects.

None of the subjects showed evidence of using the mirror to direct their search, so in

Experiment 2 the subjects were given direct experience with mirrors and then tested in

a more difficult version of the mirror task. At the end of this experiment several
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subjects were using the mirror to improve their performance on the search task, and

they were chosen as subjects for the video experiments. In Experiment 3 the subjects

were given a video image rather than a mirror image, and all of them successfully

transferred their performance to the new conditions. Experiment 4 was an attempt to

replicate Menzel et alls study: the subjects were given standard video images as well

as reversed and inverted/reversed images, and the type of image changed from one trial

to the next. The performance of several subjects suggested that they were capable of

image-guided behaviour. A transfer experiment in which the subjects had to search for

targets in novel locations confirmed the results ofExperiment 4.



2

Experiment 1: Can mirror-naive monkeys use a mirror to find hidden food?

INTRODUCTION

The aim of this experiment was twofold. The first objective was to replicate the

results of Anderson (1986) and Marchal and Anderson (1993) using mangabeys, in

order to find suitable subjects to carry over into video image experiments similar to

Menzel et al. (1985). Subjects capable of using a mirror image to direct their search

for a hidden target would be the most likely to succeed on the more complex video

image task. The procedure used was based on Anderson with certain modifications,

particularly in the nature of the apparatus. The second objective was to extend

Anderson's results by using mirror-naive rather than mirror-experienced subjects:

unlike Anderson's monkeys, the subjects of this experiment had had practically no

contact with mirrors prior to the start of the experiment.

After a preliminary phase in which subjects were familiarized with the test

apparatus and experimental procedure, they were given a task in which they had to

search for a hidden peanut. On certain trials a mirror directly opposite the baited

apparatus reflected the location of the peanut and the subjects' hands (and arms) as

they searched, but showed no other part of the subjects' bodies. On other trials the

mirror was covered. The possibility existed that the subjects would learn to use the

mirror image to direct their search for the target, via associative learning, visuo-motor

adaptation, or image-guided behaviour (IGB), and thereby improve their chance of

finding the peanut on mirror trials.

The decision was made to test mirror-naive monkeys because I speculated that a

monkey which had never seen its full reflection in a mirror, but that had learned to use

a mirror image of its hand to guide its hand to hidden food (IGB), might react

differently from other monkeys when first presented with a whole reflection of itself.
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Imagine such a monkey seated in front a mirror for the first time: rather than giving

social responses to the 'other monkey', might it not recognize the (now) familiar image

of its hand, and, seeing the connection to the unfamiliar image of the rest of its body,

realize it was looking at itself (similar to Mitchell's deductive theory of mirror self-

recognition)? Of course this presupposes that monkeys are capable of image-guided

behaviour, which is what this series of experiments was designed to prove. There is no

convincing evidence of mirror self-recognition in any monkey species yet tested, but

perhaps it is merely a question of finding the experimental protocol that best suits the

subjects.

METHODS

subjects:

The subjects of this study were selected from three groups of mangabeys housed

at the Station Biologique de Paimpont, France. The first group contained nine red-

capped mangabeys (Cercocebus t. torquatus) at the start of the study, of which six

participated in the experiment: the dominant male, Boss; a juvenile male, Karlo; an

infant male, Bandit; two adult females, Nancy and Sarah; and a juvenile female, Zunie

(see Table 2.1). Two of the remaining three group members were infants under one

year of age (belonging to Nancy and Sarah) and were thus too young to participate,

and the third was a juvenile male, Rapide, who proved too difficult to handle. Boss,

Zunie, and Bandit were all born in captivity and group-reared at the Station. Sarah and

Karlo were brought to the Station from a colony at Saarbrucken Zoo, Germany in the

spring of 1990, and Nancy arrived at the same time from a Paris zoo. Sarah and Karlo

were both captive-born and group-reared, whereas Nancy was raised by hand as a pet

till the age of four, when she was sent to the zoo in Paris. Boss and Zunie are siblings

by the same parents, and Bandit is Nancy's son by Boss.
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The other two groups contained grey-cheeked mangabeys (C. a. albigena).

Sygma's group consisted of seven individuals at the start of the study, of which four

were used as subjects: the dominant male, Sygma; an infant male, Beboo; and two

adult females, Georgette and Sylvette (see Table 2.1). The remaining three group

members became too stressed when isolated to serve as subjects. All of the individuals

in Sygma's group were captive-born and group-reared at the Station. Beboo is

Sylvette's son by Sygma.

Peanuts'/Sylvain's group contained seven individuals at the start of the study, of

which three participated in the experiment: a juvenile male, Sylvain; an adult female,

Marcy; and a juvenile female, Patti (see Table 2.1). The dominant male, Peanuts,

would have been used as a subject, but he died after the first test session of the

experiment. Of the remaining three group members, two were infants too young to

participate, and the third was an adult female who became highly stressed when

isolated. Patti is Marcy's daughter by Sygma, and Sylvain and Patti are half-siblings by

the same father (Sygma).

Table 2.1 Name. Sex, and Age of Subjects at the Start of the Experiment

subject species group sex age (yr.mth)

Boss torquatus Boss m 10,2

Karlo torquatus Boss m 5,0

Bandit torquatus Boss m 2,1

Nancy torquatus Boss f 10,9
Sarah torquatus Boss f 10,3
Zunie torquatus Boss f 6,0

Sygma albigena Sygma m 17,9
Beboo albigena Sygma m 2,3

Georgette albigena Sygma f 20,0

Sylvette albigena Sygma f 19,4

Sylvain albigena Sylvain m 4,8

Marcy albigena Sylvain f 9,7
Patti albigena Sylvain f 4,8
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Mangabeys are Old World primates belonging to the subfamily Orcopithecinae

which range across central equatorial Africa. They are closely related to baboons and

are similar in size and build. Grey-cheeked mangabeys (Cercocebus a. albigena) are

arboreal and primarily frugivorous, whereas red-capped mangabeys (C. t. torquatus)

are semi-terrestrial frugivore-omnivores (Richard 1985). They live in groups ranging

from under 10 to over 20 individuals; in the case of red-capped mangabeys, the groups

may be much larger. Groups contain several adult males and females as well as

juveniles and infants. Males and females form dominance hierarchies, and adult males

are usually dominant to adult females (Melnick and Pearl, 1987).

Mangabeys have rarely been used as subjects in cognitive psychological research.

In fact, a CD-ROM search of the psychological and life sciences data bases extending

back two decades found only one study of cognition in mangabeys, which investigated

whether monkeys could acquire the location of hidden food from an informed

conspecific, and charted the development of tactical deception in the informed

individual (Coussi-Korbel 1994). This study took place at the Station Biologique de

Paimpont using the same group of red-capped mangabeys that participated in the

experiments presented below. Apart from the Coussi-Korbel study, mangabeys have

been used occasionally in acoustical research.

None of the subjects in the following studies had extensive experimental

experience. Their prior experience with mirrors consisted of about two to five minutes

exposure to a 55 by 40 cm mirror held about one half to one metre away from the

mesh of the outdoor cages. Sylvain's group {albigena) also had 30 minutes exposure

to an 60 by 80 cm sheet of metal (which produced a very hazy image) attached to the

mesh of the outdoor home cage. All subjects had continuous access to windows,

which under certain conditions could produce faint reflections. All three groups were

housed in a series of adjacent indoor/outdoor enclosures of wire mesh along with

various guenon species. Every morning the cages were cleaned and all animals were

fed with fruit and vegetables; in the evening they were fed again with monkey chow.

Water was continuously available in the indoor enclosures.
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Figure 2.1 A schematic diagram of the experimental cages.
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experimental setting:

This study and all subsequent experiments were carried out in indoor experimental

cages, shown schematically in Figure 2.1. These cages were in the same building as

the home cages of the torquatus group, but the monkeys had no access to the

experimental cages when they were not being tested. The subject was isolated in the

test cage (B), the mirror and bait-board were in the mirror cage (A), and the

experimenter sat in cage C taking notes. Note that the torquatus but not the albigena

subjects had the opportunity to look into the mirror cage and see what the bait-board

looked like.

Wooden and PVC panels covered the mesh between cages A and B from floor to

ceiling, providing a complete visual barrier. The bait-board was attached to the mesh

between the mirror cage and the test cage, on the side away from the subject; the

center of the bait-board was 127 cm above the floor of the cage. A bench in the test

cage ensured that subjects were positioned at the right height for easy access to the

bait-board.

Passage between cages was via sliding trap doors opened and closed manually by

the experimenter. Trap doors such as these in the walls of the building gave access to

the home cages of the two albigena groups, so that they could be brought into the

building for testing. Windows ran the length of the back wall of the building giving

subjects constant visual access to the outdoor cages.

apparatus:

The test apparatus, or bait-board, consisted of a 40 by 40 cm painted wooden

panel, 2.5 cm thick, with 30 recessed compartments (4 cm wide by 3 cm high by 2 cm

deep) arranged in five evenly spaced columns. It was attached to the cage mesh with

four bolts, one in each quadrant. These bolts were recessed into the wood and the

holes filled with wood putty, so that when the whole board was painted, the surface of

the board was smooth and unbroken. Subjects could explore the bait-board by

reaching through two vertical search holes located one on either side of it;
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the holes were 7 cm wide and extended 15 cm above and 5 cm below the bait-board.

The cage mesh within the search holes was cut away so that the subjects' arms could

move freely; note, however, that a strip of metal passed diagonally across the base of

each search hole (Fig. 2.2). The search holes could be covered by wooden shutters to

prevent access to the bait-board (Fig. 2.3). A PVC gutter was attached to the bottom

of the bait-board to catch any peanuts knocked loose by the subjects.

Directly opposite the bait-board was a 40 by 60 cm mirror held in a metal frame,

slightly angled so as to reflect the bait-board in its entirety (Fig. 2.4). Thus, if the

peanut was in the upper left corner of bait-board (from the subject's point of view), its

reflection would be in the upper left corner of the mirror. The top of the mirror was

112.5 cm above the floor and 95 cm from the cage mesh supporting the bait-board,

whereas the bottom was 59 cm above the floor and 71 cm from the cage mesh.

Because the mirror and the bait-board were the same width, and the mirror was very

carefully positioned to be exactly opposite the apparatus, the subjects could not see

themselves reflected in the mirror unless they reached through the search holes, and in

that case they saw only their arms. This was done to avoid social responses to the

mirror image of another monkey, which might distract the subjects from the task at

hand.

A Panasonic NV-S7 SuperVHS camcorder was used to record the first 50 trials

for each subject. The camcorder was supported on a tripod behind the mirror, with the

lens of the video camera directly opposite the center of the bait-board at a distance of

about 95 cm. The zoom was adjusted to include the bait-board and the search holes in

the field of view.
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Figure 2.3 The bait-board with search hole shutters closed (painted green for experiment).
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Figure 2.4 The mirror in its frame directly opposite the bait-board.
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procedure:

The albigenas became very stressed if they were separated from the other

members of their group. It was therefore decided that instead of testing subjects in

complete isolation they should always remain in visual and vocal contact with their

conspecifics. To this end subjects were moved with their entire group into home cage

two, adjacent to the test cage, and one subject at a time was isolated in the test cage

during experiments. When either albigena group was being tested the torquatus were

shut outside in outdoor cage one, or occasionally outdoor cages one and three. When

the torquatus were to be tested as many group members as possible were enclosed in

home cage two. However, it was extremely difficult to get the group to move as a

unit, so occasionally one or two subjects were shut in the small cage adjacent to home

cage one (see Fig. 2.1). The juvenile male Rapide was always shut in outdoor cage

three, and home cage one was always empty.

familiarization phase:

Prior to the start of the experiment the monkeys had to be familiarized with the

bait-board and testing procedure. It was during this phase that the subjects of the

experiment were selected: only those individuals that remained calm when isolated in

the test cage were chosen. Seven torquatus monkeys participated in the familiarization

phase; in addition to the six described in the subjects section there was a 4.5 year old

male called Rapide, who was not used in the experiment because he proved too

difficult to handle. There was also an eighth albigena; a 13.5 year old male called

Peanuts (formally the dominant male of Sylvain's group) who died after the first 10

trials of the experiment. Another albigena, a 3.5 year old male called Saki, received

several familiarization trials and then was dropped because of his reluctance to enter

the test cage. This phase took place in May and June, 1993.

Prior to the start of a trial the bait-board was loaded with 30 peanuts, one in each

compartment. A subject was isolated in the test cage, the shutters covering the search

holes were opened, and the subject had two minutes to explore. After this time the
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shutters were closed to end the trial. No mirror was present. All subjects were given

five familiarization trials (most subjects received only one trial per day, but some had a

day on which they received two trials). The subjects that collected a total of 30 or

more peanuts (an arbitrary criterion) during this period received no more

familiarization trials. Those subjects that were short of the criterion after five trials

continued to receive trials until they had reached it (During this period subjects

received from one to four familiarization trials a day.) The maximum number of

familiarization trials given to any subject was thirteen.

After five trials some subjects had taken only one or no peanuts out of the bait-

board. These subjects were each given a brief shaping session to encourage them to

explore the apparatus. A shaping session consisted of the following three steps: First,

the shutters were opened and the subject watched through the search holes as the

experimenter took a peanut from column one or five of the bait-board, showed it to the

subject, and allowed the subject to take it. Four peanuts were taken from each

column, alternating sides, and each time the experimenter drew her hand closer to the

bait-board before letting the subject take the peanut. Second, the shutters were left

open while the bait-board was restocked with peanuts, then one peanut was taken out

of the bait-board and given to the subject, who had two minutes to explore the

apparatus. The experimenter stood back and recorded any searches made by the

subject. Finally, the experimenter stepped forward, removed another peanut from the

bait-board and gave it to the subject, then stepped back and allowed the subject five

more minutes to explore.

Once it was clear that all of the subjects would consistently approach the bait-

board and spontaneously search for peanuts, they were each given five trials with the

mirror in place but covered, and only five peanuts in the bait-board (one in each

column). Subjects then received a further 20 trials with only one peanut in the

apparatus.
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controlled experiment:

The experiment began once the familiarization phase was complete, and ran from

July 12 to August 20, 1993. The group to be tested was moved into home cage two.

The order in which the subjects were to be tested was determined at random on the

first day of the experiment, and was rotated by one each day after that. When a subject

first entered the test cage the experimenter gave it a peanut; similarly, at the end of

every test session (series of trials) the subject received a peanut when it left the test

cage.

The procedure for a standard mirror trial was as follows: The experimenter

entered the mirror cage and placed a single peanut in one of the compartments of the

bait-board. She uncovered the mirror, turned on the camcorder, opened the shutters,

then immediately sat on a chair in cage C and recorded the subject's search behaviour

on a checksheet. Three types of quantitative data were recorded on every trial: 1)

whether or not the subject was successful; 2) the time to find the peanut on successful

trials; and 3) the number of attempts to find the peanut.

A trial was scored as a stwcess if the subject removed the peanut from its

compartment. Trials in which the subject failed to find the peanut after two minutes

were scored as failures, as were trials in which the subject knocked the peanut out of

the bait-board, even if it was later recovered from the gutter or floor. Time to find the

peanut was measured from the moment the shutters opened to the moment the peanut

was removed from its compartment. This gives only a rough measure of the actual

time spent searching for the peanut, since it may include time in which a subject

ignored the apparatus and/or time in which a subject struggled to remove a peanut

after having found it.

An attempt to find the peanut was defined as any reach through a search hole that

made contact with some surface {i.e. reaching through and touching one of the shutters

counted as an attempt, whereas reaching the arm straight out and pulling it back did

not). An attempt ended when the hand was withdrawn through the search hole. Thus,

if a subject reached out with its left hand to explore the bait-board, and then reached
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out and explored with its right hand while leaving the left in place, and then withdrew

its right hand and searched again with the left before withdrawing its left hand, only

two attempts would be scored, since the subject only reached through the search hole

twice. Attempts as defined in this way were only scored for the last 45 trials of each

subject (i.e. 36 mirror trials and 9 no-mirror trials).

A trial ended when the experimenter closed the shutters. For the first 50 trials per

subject a trial ended after two minutes, regardless of whether or not the peanut had

been found. For the next 15 (for the torquatus) or 30 (for the albigena) trials, a trial

ended immediately if the peanut was found, but not if it was knocked out of the bait-

board. For the final 30 (for the torquatus) or 15 (for the albigena) trials, a trial ended

immediately if the peanut was found or if it fell.

If the subject did not approach the bait-board within 30 seconds after the start of

the trial, the shutters were closed and the trial was restarted with the peanut in the

same location. The intertrial interval was usually about three minutes, but was

occasionally much longer due to unforeseen problems (such as trouble with the timer,

or waiting for the monkeys to settle down after being alarmed). The procedure was

exactly the same for no-mirror control trials, except that the mirror was covered by a

cardboard screen. For the two types of no-bait control trial (mirror and no-mirror) the

experimenter still approached and touched the bait-board even though no peanut was

placed in the apparatus. These four conditions were based on Anderson (1986).

The first five test sessions for each subject contained 10 trials: six standard mirror

trials, two no-mirror control trials, one mirror/no-bait control trial, and one no-

mirror/no-bait control trial. It was then decided that the no-bait control trials were of

little use and they were dropped. The final three sessions for each subject contained 15

trials, of which 12 were standard mirror trials and 3 were no-mirror control trials. By

the end of the experiment all but one of the 13 subjects had received 66 mirror trials

and 19 no-mirror trials; Sarah (adult female torquatus) accidentally received 65 mirror

trials and 20 no-mirror trials. Table 2.2 summarizes the changes in protocol over the

course of the experiment.
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Table 2.2 Changes in Protocol Across Test Sessions

session trial type and number when a trial ended

1 m(6), nm(2), m/nb(l), nm/nb(l) -after 2 min (even if peanut was found or fell)

2 m(6), nm(2), m/nb(l), nm/nb(l) -after 2 min (even if peanut was found or fell)

3 m(6), nm(2), m/nb(l), nm/nb(l) -after 2 min (even if peanut was found or fell)

4 m(6), nm(2), m/nb(l), nm/nb(l) -after 2 min (even ifpeanut was found or fell)

5 m(6), nm(2), m/nb(l), nm/nb(l) -after 2 min (even ifpeanut was found or fell)

6 m(12), nm(3) -immediately ifpeanut was found (after 2 min
if it fell or was not found)

7 m(12), nm(3) -torq subjects: immediately ifpeanut found or fell
(after 2 min if it was not found)

-albi subjects: immediately ifpeanut found
(after 2 min if it fell or was not found)

8 m(12), nm(3) -immediately if peanut was found or fell
(after 2 min if it was not found)

Note. m=mirror, nm=no mirror, m/nb=mirTor/no-bait, mn/nb=no-mirror/no-bait

Before testing began on a given day the experimenter prepared checksheets for

each subject's test session. First the order of mirror and control trials was randomly

determined, subject to certain constraints. For the first five sessions unbaited trials

could not occur consecutively, and a session had to begin and end with a standard

mirror trial. For the last three sessions the only constraint was that no-mirror trials

could not be consecutive. Once trial order was determined the placement of the

peanut on each trial was chosen in a quasi-random fashion: the compartment was

selected at random using random number tables, but subject to a variety of constraints

which increased over the course of testing. In the first test session (trials 1-10) the

only constraint was that the same compartment could not be used on two consecutive

trials. For sessions two and three (trials 11-30) there was the added constraint that on

any two consecutive trials, the peanuts could not be in the same row or column. In

sessions four and five (trials 31-50) there was the further constraint that on
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consecutive trials the peanut could not be within a one compartment radius of the

previous peanut. Finally, sessions six to eight (trials 51-95) added the constraint that

trials using the same compartment had to be separated by at least two other trials. The

point of these restrictions was to ensure that the subjects could not profit from a

strategy of searching the last location in which they found a peanut. The constraints

are summarized in Table 2.3.

Table 2.3 Constraints on Trial Order and Peanut Placement Across Test Sessions

session constraints on trial order constraints on peanutplacement&
1 -unbaited trials could not be consecutive

-the session began and ended with a

mirror trial

-the same compartment could not be
used on two consecutive trials

2 -unbaited trials could not be consecutive

-the session began and ended with a

mirror trial

-peanuts could not be placed in the same

row or column on consecutive trials

3 -unbaited trials could not be consecutive

-the session began and ended with a

mirror trial

-no new constraints added

4 -unbaited trials could not be consecutive

-the session began and ended with a

mirror trial

-peanuts could not be within a one box
radius of each other on consecutive trials

5 -unbaited trials could not be consecutive

-the session began and ended with a

mirror trial

-no new constraints added

6 -no-mirror trials could not be consecutive -trials using the same compartment had to
be separated by at least two other trials

7 -no-mirror trials could not be consecutive -no new constraints added

8 -no-mirror trials could not be consecutive -no new constraints added

Constraints on peanut placement were cumulative across sessions.

In addition to these changes in protocol, there were some minor changes in the

apparatus near the end of testing. Prior to sessions seven and eight for groups Boss

and Sygma, eight only for group Peanuts, the gutter was removed from the bait-board
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and a barrier was introduced along the bottom of the cage mesh so that subjects could

not retrieve fallen peanuts. Towards the end of the study I noticed that one subject

would sometimes leave the bait-board, walk to the end of the bench nearest me, and

after looking at my face would return to the bait-board and search again, often quite

close to the peanut. Against the possibility that this subject was trying to use my gaze

as a cue to the location of the peanut, a wooden panel was attached to the mesh above

the end of the bench so that the subjects could not see my face.

RESULTS

familiarization phase

All of the torquatus subjects immediately approached the search holes and

spontaneously reached through them to explore. Five out of seven explored the bait-

board and found one or more peanuts. After five familiarization trials, these five

subjects were using the entire two minutes to explore the bait-board and get peanuts.

Boss, Rapide, Sarah, and Zunie reached criterion in five trials, and Bandit in six trials.

The other two torquatus subjects (Karlo and Nancy) would occasionally search the

bait-board but spent most of their time manipulating the gutter, the shutters, or

something else. They were each given a shaping session (described on p. 68) and then

received five more familiarization trials, in which they actively explored the bait-board

for peanuts and reached criterion.

Of the four albigena subjects from Sygma's group, only two (Sygma and

Georgette) were exploring the bait-board and finding peanuts after the first five trials.

They each received another five trials before reaching criterion. The other two

subjects (Sylvette and Beboo) reached through the search holes occasionally, but rarely

if ever explored the bait-board. They were each given a shaping session, then Beboo

received five more trials and Sylvette eight more trials to reach criterion.
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Three of the four albigena subjects from Sylvain's group immediately approached

the search holes and spontaneously started searching the bait-board. Peanuts, Sylvain,

and Patti all reached criterion after the first five trials. Marcy, on the other hand, had

explored the bait-board only once after five trials. She was given a shaping session

followed by a further five trials, in which she actively explored the bait-board and

reached criterion.

When the number of peanuts in the apparatus was reduced to five, all subjects

continued to search despite the reduced chance of finding a peanut. The number of

peanuts on a given trial was therefore reduced to one, and all subjects continued to pay

attention to the task, despite the reduced frequency of reward. At this stage it was

clear that subjects were ready to start the experiment.

controlled experiment

Despite the changes in protocol over the course of the experiment, all of the data

were analysed together. The successive changes were minor, and did not appear to

have had any significant effect on the results. In addition, there were too few trials for

each change to analyse the results separately. The success, time, and attempts data

were each analysed separately, both at the group and the individual level.

independence of observations, individual analyses:

The success data for each subject were analysed with chi-square tests; however,

for a chi-square test to be valid, the observations must be independent. If successes

were not randomly distributed - i.e. if the outcome of a particular trial influenced the

outcome of subsequent trials - the chi-square tests would be invalid. The statistical

package Minitab was therefore used to carry out a two-tailed runs test of randomness

on both the mirror and no-mirror trials of each subject, to ensure that successes were

randomly distributed across time. The results were non-significant for 12 out of 13
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subjects in both mirror and no-mirror conditions, indicating that successes and failures

were randomly distributed over the course of the experiment.

The exception was an albigena subject, Sygma (dominant male of his group), who

obtained a highly significant (p=.0030) result for the mirror trials. This was due to a

long string of failures at the start of testing. Notes recorded by the experimenter on

Sygma's data sheets revealed that for the first three sessions {i.e. the first 18 mirror

trials) he seemed quite stressed when isolated in the test cage, and spent most of every

trial scanning his group rather than searching the bait-board, resulting in very few

successes. By session four Sygma stopped scanning his group and spent most of every

trial searching the bait-board, resulting in more successes. When his first 18 mirror

trials were dropped from the analysis, the runs test for Sygma was non-significant.

effect of practice on success, individual analyses:

To test whether any of the subjects became more successful at finding the peanut

over the course of the experiment, chi-square tests were calculated for each subject

comparing the frequency of successes and failures for the first 33 versus the last 33

mirror trials, and Fisher exact probability tests were calculated comparing the first 10

versus the last 9 no-mirror trials. One-tailed tests were used because it was assumed

that the subjects would improve with practice. The chi-square statistics were

calculated by hand using the formula for 2x2 contingency tables (Siegel, 1956, p. 107).

This formula contains a correction for continuity which improves the approximation of

the distribution of the computed chi-square statistic by the chi-square distribution, and

it produces somewhat more conservative results than the more familiar formula used

by Minitab.

Table 2.4 lists the percentage of successful mirror and no-mirror trials for each

subject in the first and second halves of the experiment, as well as the outcomes of the

chi-square and Fisher exact tests. Five out of thirteen subjects (one torquatus and four

albigena) had significantly more successes in the last 33 mirror trials than in the first

33 mirror trials, and had thus clearly improved with practice. When calculated using
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Minitab the chi-square statistics were all somewhat larger, and in addition to the five

subjects indicated in Table 2.4, Beboo (an albigena) was significant at £<05. Only

two subjects, Sygma and Beboo (albigenas), showed significant improvement over

time in the no-mirror condition.

Table 2.4 Percentage of Successful Mirror and No-Mirror Trials
for Each Half of the Experiment

subject first

mirror trials

second X2
no-mirror trials

first second

Boss 61 54 0.1 60 44

Karlo 58 54 0.0 90 78

Bandit 39 64 3.0* 40 67

Nancy 64 70 0.1 40 67

Sarah 39 50 0.4 30 20

Zunie 76 85 0.4 100 56

Sygma 27 73 11.9** 20 78*

Beboo 27 48 2.3 10 56*

Georgette 6 27 3.9* 20 33

Sylvette 15 58 11.1** 30 22

Sylvain 79 67 0.7 30 22

Marcy 58 85 4.7* 80 78

Patti 36 45 0.2 30 44

mean 45 60 45 51

Notes. For mirror trials N=33 in both halves for all subjects except Sarah, for whom N(second)=32.
All chi-squares have df=l, N=66 (except Sr, for whom df=l, N=65). For no-mirror trials N(first)=10
and N(second)=9 for all subjects except Sarah, for whom N(second)=10 (Fisher exact test).
*P<05 **£<.001

effect of practice on success, group analysis:

The mean percentage values in Table 2.4 suggest that there was a significant

overall improvement in success over the course of the experiment in the mirror

condition and possibly the no-mirror condition as well. To check this, a one-tailed

Wilcoxon matched-pairs signed-ranks test was calculated by hand for each condition

comparing each subject's percentage success in the first versus the second half of the
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experiment. The result for the mirror condition was significant at p< 01 (T=ll,

N=13), whereas the result for the no-mirror condition was non-significant (T=34,

N=13). The subjects' failure to improve significantly in the no-mirror condition may

have been due simply to the fact that the subjects received less practice with no-mirror

trials. A Wilcoxon test comparing the first-half mirror trials versus the first-half no-

mirror trials was non-significant (T=45, N=13), as one would expect based on the

mean percentage successes. However, the Wilcoxon test comparing the second-half

mirror trials versus the second-half no-mirror trials was also non-significant (T=27.5,

N=13), which means that although the subjects showed significant improvement in the

mirror condition, they were not significantly more successful with the mirror than

without.

effect of column position on success, individual analyses:

Given the design of the bait-board, it seemed likely that the placement of the

peanut might have influenced the probability of success; subjects might have found

some columns easier to search than others. Minitab was used to carry out a chi-square

test on the mirror trials of each subject comparing the frequency of successes and

failures for each column of the bait-board. (Only mirror trials were analysed, since

there were too few no-mirror trials per subject to carry out chi-square tests.) Table

2.5 presents the percentage of successful mirror trials for each subject according to

column, as well as the result of the chi-square analyses. As one can see, all of the

subjects showed variable success between columns, but this was significant for only 6

of the 13 subjects. Of those six, four had chi-squares in which over 20% of the cells

had expected values less than five, but Minitab did not indicate that the chi-squares

were invalid.

Karlo was highly successful with column three and had very little success with

columns one and five; similarly, Sylvain was 100% successful with column three and

least successful with column one. Bandit was most successful with column four and

least successful with column three. Zunie was 100% successful with columns one and
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five and less successful with the inner columns; Marcy was also most successful with

the outer columns and least successful with the inner columns. Beboo was most

successful with column four and least successful with columns three and five. This

variation in success according to column did not merely reflect the unequal frequency

with which columns were baited; it is clear from Table 2.5 that subjects could be highly

successful with a column that was infrequently baited, and conversely that they could

have little success with a frequently baited column. The variation between subjects

appeared to be the result of individual search preferences, and no one column appeared

to be easier or more difficult for the majority of subjects. Despite the variation

between the mean column percentages, a Friedman two-way analysis of variance

comparing each subject's percentage success according to column (Table 2.5) was non¬

significant (X2=5.94, df=4).

Table 2.5 Percentage of Successful Mirror Trials for Each Column ofthe Bait-Board

subject column I column 2 column 3 column 4 column 5 X2

Boss 73 (15) 50 (12) 53 (17) 63 (8) 50 (14) 2.4

Karlo 14 (14) 77 (13) 92 (12) 69 (16) 27 (11) 23.1**

Bandit 56 (16) 63 (8) 7 (14) 82 (17) 46 (11) 18.2**

Nancy 60 (15) 64 (11) 73 (15) 79 (14) 55 (11) 2.3a

Sarah 53 (15) 47 (15) 73 (11) 31 (13) 18 (11) 8.1

Zunie 100 (17) 50 (14) 50 (8) 86 (14) 100 (13) 20.4**a

Sygma 63 (16) 31 (13) 67 (12) 46 (13) 42 (12) 4.7

Beboo 46 (11) 56 (9) 20 (10) 61 (18) 11 (18) 13.0*a

Georgette 0 (15) 17 (12) 21 (19) 33 (12) 13 (8) 5.8a

Sylvette 40 (15) 55 (11) 15 (13) 29 (14) 46 (13) 5.0a

Sylvain 39 (13) 71 (14) 100 (10) 87 (15) 71 (14) 13.0*a !

Marcy 84 (19) 54 (13) 40 (10) 88 (17) 71 (7) 10.6*a

Patti 62 (13) 50 (12) 13 (16) 44 (9) 44 (16) 8.1

mean 53 53 48 61 46

Notes. The total number of trials for each subject in which a peanut was located in a particular column is given
in parentheses. All chi-squares have df=4, N=66; except for Sarah's, which has dt=4, N=65.
a30% to 50% of cells have an expected frequency less than five.
*p<.05 **e<.001
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effect of row position on success, individual analyses:

To test whether the row placement of the peanut had an effect on success, Minitab

was used to carry out a chi-square test on the mirror trials of each subject comparing

the frequency of successes and failures for each row of the bait-board. (There were

too few no-mirror trials to carry out chi-square tests.) Table 2.6 lists the percentage of

successful mirror trials each subject had in each row, as well as the result of the chi-

square analysis. Most subjects had similar success regardless of the row in which the

peanut was placed, but the variation was significant for three individuals: Karlo, Sarah,

and Nancy. In all three cases over 20% of the cells had expected values of less than

five, but Minitab did not signal that the chi-square was invalid.

Table 2.6 Percentage of Successful Mirror Trials for Each Row of the Bait-Board

subject row 1 row 2 row 3 row 4 row 5 row 6 X2

Boss 46 (13) 67 (9) 69 (13) 56 (9) 45(11) 64 (11) 2.1

Karlo 100 (13) 86 (7) 58 (12) 30 (10) 50 (12) 17 (12) 23.2**

Bandit 47 (17) 50 (12) 60 (10) 63 (8) 56 (9) 40 (10) 1.4

Nancy 86 (14) 75 (4) 75 (12) 85 (13) 25 (8) 47(15) 13.6*

Sarah 92 (13) 50 (12) 47 (15) 20 (5) 0(10) 30 (10) 22.3**

Zunie 75 (16) 86 (7) 80 (10) 100 (9) 71 (14) 80 (10) 3.3

Sygma 54(11) 45 (11) 71 (7) 44 (17) 44 (9) 54(11) 2.1

Beboo 20 (15) 44 (9) 33 (9) 44 (9) 40 (10) 50 (14) 3.3

Georgette 7(15) 0 (8) 13(15) 38 (8) 18(11) 33 (9) 7.1

Sylvette 11 (9) 45(11) 13 (8) 25 (8) 38 (13) 59 (17) 9.0

Sylvain 92 (13) 67 (9) 75 (8) 71 (14) 61 (13) 67 (9) 3.7

Marcy 70 (10) 80 (15) 77 (13) 67 (12) 78 (9) 43 (7) 3.8

Patti 20 (10) 38 (13) 50 (6) 47 (17) 44 (9) 45 (11) 2.5

mean 55 56 55 53 44 48

Notes. The total number of trials for each subject in which a peanut was located in a particular row is given in
parentheses. All chi-squares have df=5, N=66 (except for Sarah's, which has df=5, N=65) and 25 to 50% of cells
with an expected frequency less than five.
*p<05 "pc.001
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Karlc and Sarah were most successful with rows one to three (the upper rows)

and least successful with rows four to six (the lower rows), whereas Nancy was most

successful with rows one to four and least successful with rows five and six. Given

that all three subjects showed the same pattern, and that the mean success for rows five

and six was less than rows one to four, it might appear that the lower rows were

actually more difficult to reach than the others. This is unlikely, however, since the

majority of subjects showed no effect of row position, and some were most successful

with the lower rows (Beboo, Georgette, Sylvette). Furthermore, a Friedman two-way

analysis of variance comparing each subject's percentage success in each row (Table

2.6) was non-significant (X2=6.58, df=5). The row effects were probably the result of

individual search styles.

effect ofmirror on success, individual analyses:

To see whether any subjects were more successful when the mirror was present,

two-tailed chi-square tests were calculated by hand (using the formula from Siegel

1956, p. 107) for each subject comparing the frequency of successes and failures in the

mirror and no-mirror conditions. Two-tailed tests were used because the possibility

existed that the mirror might have a negative, rather than a positive, effect (as observed

by Anderson, 1986). Table 2.7 lists the percentage of successful mirror and no-mirror

trials for each subject, as well as the outcome of the chi-square tests, under the heading

trials 120s long. The results of the chi-square tests were non-significant for 12 out of

13 subjects, indicating that the presence of a mirror neither helped nor hindered most

of the monkeys as they searched for the peanut. The exception was Karlo, a juvenile

male torquatus, who had more successes and fewer failures than expected in the no-

mirror condition (p<05). This suggests that the presence of a mirror image might

actually have had a negative effect on Karlo's performance.

In order to compare the results of Experiment 1 with later experiments, in which a

trial lasted only one minute, the data were rescored such that a success was counted

only if the peanut was found after sixty seconds, and two-tailed chi-square tests were
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carried out as before. The percentage of successful mirror and no-mirror trials for

each subject, as well as the results of the chi-square tests, are listed in Table 2.7 under

the heading trials 60s long. With less time to find the peanut, the task was more

difficult, so one might expect any benefit provided by the presence of the mirror to be

more evident. However, the outcomes of the chi-square tests were non-significant for

all 13 subjects. The result for Sarah (adult female torquatus) nearly reached

significance, though, and was significant at p<05 when the chi-square was calculated

using Minitab. Sarah had fewer wins and more losses than expected in the no-mirror

condition, which suggests that she might have just started to benefit from the presence

of the mirror when the experiment ended.

Table 2.7 Percentage of Successful Trials for Each Image Condition

subject

trials 120s long
mirror no-mirror X2

trials 60s long
mirror no-mirror X2

Boss 58 53 0.02 41 42 0.03

Karlo 56 84 3.85* 54 74 1.51

Bandit 51 53 0.03 48 42 0.05

Nancy 67 53 0.72 58 47 0.28

Sarah 45 25 1.70 35 10 3.60

Zunie 80 79 0.04 74 68 0.04

Sygma 50 47 0.00 44 42 0.02

Beboo 38 32 0.05 24 21 0.00

Georgette 17 26 0.38 15 16 0.09

Sylvette 36 26 0.29 29 21 0.14

Sylvain 73 68 0.01 59 58 0.03

Marcy 71 79 0.14 61 68 0.12

Patti 41 37 0.00 30 37 0.07

mean 52 51 44 42

Notes. N(mirror)=66, N(no-mirror)=19 for all subjects except Sarah, for whom N(mir)=65, N(no-mir)=20. All
chi-squares have df=l, N=85.
*p<.05
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effect ofmirror on success, group analysis:

Although the individual analyses were not significant, nevertheless the majority of

subjects were more successful when the mirror was present, for both one and two

minute trials. To test whether the mirror had an effect at the group level, a two-tailed

Wilcoxon matched-pairs signed-ranks test was calculated by hand comparing the

percentage of successful trials in the mirror and no-mirror conditions (Table 2.7). For

the 120 second trials, 9 out of 13 subjects were more successful when the mirror was

present, a non-significant result (T=31, N=13). Similarly, when trials were rescored to

60 seconds, 8 out of 13 subjects were more successful when the mirror was present, a

non-significant result (T=33.5, N=13). Thus there was no global effect of the mirror

on success, even under conditions which might be expected to increase the possibility

of observing such an effect.

factors affecting success, loeit analysis:

There is a problem with the preceding analyses, in that when one carries out

multiple independent statistical tests, the probability of obtaining a false positive result

increases accordingly. For example, if the alpha level is set at .05, one would expect,

on average, one false positive for every twenty tests. Given that thirteen subjects were

tested, it is quite possible that the significant results recorded for Karlo and Sarah

indicating an effect of the mirror might have been false positives. However, the

significant results that indicated an effect of column position and row position on

success were probably valid, since they occurred at an alpha level of .001. (In which

case one would expect, on average, only one false positive for every thousand trials.)

I inquired ofDr. Gordon, the statistical consultant for the School of Psychology,

as to whether there was a more appropriate test that could analyse the data for all

subjects simultaneously. He advised me to perform a logit analysis, a type of

generalized linear model, and gave me extensive help in interpreting the results. The

analysis was carried out using the GLIM package on a SUN workstation, and the

results are presented below as a complement to the more familiar chi-square tests.
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A generalized linear model (GLM) attempts to define the structure of a dependent

variable, in order to explain observed values and predict future values. In effect, the

dependent variable is expressed as a combination ofmore basic variables, or factors. A

GLM is defined by three components: 1) the error structure, which specifies the error

distribution of the random component of the model; 2) the linear predictor, which lists

the parameters (factor levels) that are thought to have an effect on the dependent

variable; and 3) the link function, which defines the relationship between the mean of

the /th observation and its linear predictor (GLIM System Release 3 .77 Manual, 1986).

The particular GLM that I was advised to use was a logit model, with a binomial

error distribution and a link function of log[Pi/(l-Pi)], where Pi is the probability of

success (finding the peanut) for a given combination of parameters. Since fewer

parameters make interpretation of the data easier, the purpose of the analysis was to

find the best compromise between the number of explanatory factors and their

parameters included in the linear predictor, and the goodness of fit of the model; that

is, to find the best fitting model with the fewest parameters.

Different models were fitted using different combinations of three explanatory

factors: subject (S), column position (C), and experimental condition (E). Species

was not included in the analysis because it was subsumed by the factor subject: once

the subject factor was included in a model, the species factor added no new

information, and so was redundant. Row position was not included because it affected

so few subjects. GLIM gave the deviance and degrees of freedom associated with

each model; these are listed in the first half of Table 2.8 (a period indicates the

interaction between two factors). As deviance decreases the goodness of fit of the

model increases. To determine whether a more complex model with a smaller

deviance was significantly better at representing the data than a simpler model, a chi-

square statistic (X2) was calculated from the difference in the deviances, and this was

compared to a chi-square distribution with degrees of freedom equal to the difference

in degrees of freedom of the two models under investigation (one-tailed test). A non¬

significant result indicated that the more complex model did not provide a marked
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improvement over the simpler model. Note that these are exploratory analyses: it is

not possible to state that one model is correct and another incorrect; rather, the

comparison is between adequate and inadequate models.

The null model (no factors fitted) represented the grand mean of the observations,

and gave a baseline against which to compare the single factor models. The subject

(X2=136.59, df=12, p<001) and column position (X2=14.88, df=4, p<001) models

were both significantly better at representing the data than the null model, indicating a

significant effect of each factor when taken in isolation. The deviance associated with

experimental condition was nearly identical to that of the null model (X2=0.23, df=l),

indicating that experimental condition had no significant effect on the overall

probability of success. The same results were obtained with the chi-square analyses.

Table 2.8 Results of Logit Analysis for Various Fitted Models

fitted model

13 subjects used in analysis
deviance degrees offreedom

11 subjects used in analysis
deviance degrees offreedom

null 402.24 129 287.21 109

S 265.65 117 219.57 99

C 387.36 125 273.95 105

E 402.01 128 286.71 108

S + C 253.10 113 208.27 95

S + E 265.42 116 219.06 98

C + E 387.22 124 273.63 104

s + c + s.c 78.52 65 65.50 55

Note. S=subject (13/11 levels), C=column position (5 levels), E=experimental condition (2 levels). A period
indicates an interaction between 2 factors. Chosen model in bold type.

Of the three single-factor models, subject (S) had the smallest deviance.

However, this does not mean that the subject factor taken alone fits the data better

than any of the other factors taken alone, because it is not valid to make non-nested

comparisons. Not surprisingly, subject plus experimental condition (S+E) did not

differ significantly from subject alone (X2=0.23, df=l), nor did column plus
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experimental condition (C+E) differ significantly from column alone (X2=0.14, df=l).

However, subject plus column position (S+C) was significantly better at representing

the data than either subject alone (X2=12.55, df=4, p<.01), or column position alone

(X2=134.26, df+12, p<001), indicating that both factors had a significant main effect

on the probability of success.

Continuing this process of successive comparisons between models, the subject

plus column plus interaction model (S+C+S.C) was significantly better than the model

without the interaction (X2=174.58, df=48, p<.001), which meant that different

subjects had different probabilities of success when the peanut was in different columns

(column difficulty varied according to subject). This result was also observed with the

chi-square analyses. None of the other models tested (i.e. including factor E) had a

significantly smaller deviance (better fit) than the model subject plus column position

plus subject/column interaction, therefore this model was chosen as the best

representation of the data.

For any selected model GLIM will list the estimate and the standard error of the

estimate for each of the parameters (factor levels). Indeterminacy is avoided by

parameterizing the data such that the first level of each factor is set to zero (known as

'aliasing'). When GLIM was used to list the parameter estimates and standard errors

for the model (S+C+S.C), two subjects (Zunie, a torquatus, and Georgette, an

albigena) had unusually large outcomes. The GLIM System Release 3.77 Manual

(1986) states that when a two-way table of counts contains an entire row of zero or n

values, models using a binomial error (such as a logit analysis) will produce an infinite

parameter estimate for that row. In practice the algorithm gives larger and larger

negative values until the maximum number of cycles set by the program is reached.

The manual recommends omitting such data from the analysis by giving them a prior

weight of zero. The data for Zunie and Georgette fulfilled these conditions, so their

results were weighted to zero and the logit analysis was rerun; the results of this

second analysis are listed in the second half of Table 2.8. The deviances were smaller



Results: controlled experiment - success 86

because the data set was reduced, but the pattern of results remained the same: the

model (S+C+S.C) had a significantly lower deviance than any of the other models.

Table 2.9 lists the parameter estimates and standard errors for the main effects of

the model subject plus column position plus subject/column interaction (with subjects

Zunie and Georgette weighted out of the analysis). For a classic linear model, one can

test whether a significant difference exists between any given parameter and the aliased

parameter by dividing the estimate of the chosen parameter by its standard error and

comparing the result to a t distribution. However, according to the GLIM System

Release 3.77 Manual (p. 110): "No general results are known about the adequacy of

this approximation for all the other models covered by GLIM, so the standard errors

provided must be regarded as only a general guide to the accuracy of the estimates, no

attempt being made to provide 'exact' P values for significance tests." Thus, for the

logit model used in this analysis, one can only use the approximation that if an estimate

is two or more standard errors for a given parameter, that parameter is probably

significantly different from the aliased parameter. This is the same method used to test

for effect size (i.e. calculate the difference between the means of the experimental and

control conditions, divide by the standard deviation of the control condition), so the

theory behind the approximation is that a large effect (two or more standard errors) is

probably significant.

An alternate method of testing for significant differences between parameters

involves recasting the data matrix to reduce the number of levels in a factor (grouping

together all levels that are thought to have the same effect), fitting a model using the

modified factor, and comparing the deviance of the new model to the old model in the

standard way. If the model with fewer factor levels is not significantly different from

the old model, it can be taken as a better (more economical) representation of the data.

The second method should be used when multiple comparisons are being made

between different levels of a factor, but the first method is useful for determining which

levels of a factor are most likely to group together.
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Table 2.9 Parameter Estimates and Standard Errors for Main Effects of Selected Model

parameter identity estimate standard error estimate/s. e.

S(2) Bandit -0.90 0.75 -1.20

S(3) Karlo -2.86 0.85 -3.36

S(4) Nancy -0.80 0.74 -1.08

S(5) Sarah -1.25 0.74 -1.69

S(7) Sygma -0.80 0.74 -1.08

S(8) Beboo -1.50 0.76 -1.97

S(10) Sylvette -1.86 0.76 -2.45

S(ll) Sylvain -1.95 0.76 -2.57

S(12) Marcy 0.41 0.79 0.52

S(13) Patti -0.71 0.74 -0.96

C(2) column 2 -1.66 0.77 -2.16

C(3) column 3 -0.93 0.73 -1.27

C(4) column 4 -1.12 0.77 -1.45

C(5) column 5 -1.25 0.74 -1.69

Notes. S=subject, C=column. The first level of each factor is aliased to zero. Subjects 6 (Zunie)
and 9 (Georgette) were weighted out of the analysis.

Based on the estimate/s.e. values in Table 2.9, only three subjects were

significantly less successful than subject one (the aliased parameter): Karlo, Sylvain and

Sylvette. To see if subjects could be divided into two groups according to success

(these three versus all the rest), the subject column of the data matrix was recast into

two levels and a logit analysis was run fitting just the subject factor. This model had a

deviance of 285.52 and 108 degrees of freedom. A chi-square test on the difference in

the deviance between the original subject model (11 levels, since two subjects were

weighted out of the analysis) and the reduced model (2 levels) was highly significant

(X2=65.95, df=9, p<001). Since the model with subject reduced to two levels was

significantly worse than the original model, it would be an oversimplification to

categorize the subjects in this way. A much more exhaustive analysis would be

required to divide the subjects into discrete groups based on success.
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The estimate/s.e. value for column two was more than two standard errors, which

suggested that column two was significantly more difficult than column one. Columns

three, four and five were more difficult than column one as well, but this probably did

not reach significance. To see if the column position factor could be reduced to two

levels (column two versus all the rest), the data matrix was recast and the simplified

model was fitted (deviance=287.21, df=108). Once again, the simplified model was

significantly worse (X2=13.26, df=3, p< 001) than the full model. This means that

although column two was significantly more difficult than column one, it was not

necessarily more difficult than the other three columns.

These results would appear to contradict the mean percentage success values in

Table 2.5 (pg. 78), where the mean percentage success for both columns one and two

is 53%, and column four appears much easier than column one. However, one must

remember that the estimates produced by the logit analysis are based on a model

including a subject/column interaction, whereas Table 2.5 effectively represents the

model with only the main effects of subject and column. Thus, one would not

necessarily expect the results to correspond. In fact, the estimate/s.e. values for the

model (S+C) were -0.20, -0.76, 1.60, and -1.67 for columns two to four, respectively,

the same pattern seen in the mean percentage values of Table 2.5.

In addition to the parameters listed in Table 2.9, the GLIM output for the model

(S+C+S.C) listed parameter estimates and standard errors for 40 interactions, such as

S(2).C(2) or S(3).C(5). There were only 40 because certain interactions were aliased

to zero and therefore not listed in the output {i.e. all interactions involving S(l), S(6),

S(9), or C(l)). The majority of these interactions were non-significant, so in the

interests of economy and clarity of presentation they were not listed in Table 2.9. In

fact, only eight of the interactions had estimate/s.e. values of greater than two,

indicating a significant effect. Karlo was far more successful with columns two, three,

and four than he was with column one. whereas his success with column five did not

differ from that with column one. Sylvette was much more successful with column
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two than she was with column one, and Sylvain was far more successful with columns

two to five than he was with column one. All of these results were also observed with

the chi-square analyses (see Table 2.5).

effect of practice on time to find peanut, individual analyses:

To test whether any subjects became faster at finding the peanut over the course

of the experiment, SPSS for Windows was used to calculate two sets of non-

parametric Kendall tau rank correlations on the mirror and no-mirror data of each

subject, comparing the time needed to find the peanut to trial number. (Mirror and no-

mirror trials were each numbered consecutively starting at one, rather than using the

overall trial number.) For the first set of correlations, trials in which the peanut was

knocked out of the bait-board and fell to the floor were treated as failures and assigned

a time of 120 seconds. For the second set of correlations, trials in which the peanut

was knocked to the floor were assigned the time after which the peanut fell. (For all

correlations trials in which the subject failed to find the peanut were assigned a time of

120 seconds.) One-tailed tests were used because the direction of the correlation was

predicted in advance (it was assumed that subjects would become faster with practice).

Kendall rank correlations were used instead of parametric regression analyses for

two reasons. Firstly, time to find the peanut could only be scored for successful trials.

To have treated the failed trials as missing values would have biased the results of a

regression analysis, because they contain relevant information: rather than being

randomly distributed among all possible time values, all of the missing values would

have been high values. However, assigning failed trials an arbitrary time, such as 120

seconds, would also have distorted the analysis by arbitrarily influencing the residuals

for those data points. Since the Kendall rank correlation test converts the data values

to ranks, failed trials could be included in the analysis without distorting the test results

by assigning them an arbitrary value of 120 seconds. In addition to this problem of

failed trials, the observed times were not normally distributed, so a non-parametric test

was called for.
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Table 2.10 Kendall Rank Correlations Between Time to Find Peanut and T.ial Number
for Each Image Condition

trials in which peanutfell
assigned value of120s

trials in which peanutfell
assigned time tillfall

subject mirror no-mirror mirror no-mirror

Boss -.05 .16 -.18* -.02

Karlo .11 -.13 .09 -.13

Bandit -.21** -.11 -.13 -.11

Nancy .02 -.17 .01 -.10

Sarah -.11 -.02 -.23** .25

Zunie -.19* .22 -.16* .02

Sygma -.22** -.46** _34*** -.24

Beboo -.17* -.37* -.26** -.34*

Georgette -.27** -.15 -.27** -.20

Sylvette -.27** .10 -.24** -.02

Sylvain .11 .19 .11 .03

Marcy _29*** -.07 _33*** -.07

Patti .00 -.30 -.11 -.19

Note. N(miiTor)=66, N(no-mirror)=19 for all subjects except Sarah, for whom N(mir)=65, N(no-mir)=20.
*p<05 **p<01 ***p<001

Table 2.10 lists the outcomes of the four correlations for each of the subjects.

When falls were assigned a value of 120 seconds, 7 out of 13 subjects (two torquatus

and five albigena) showed significant decreases in their time to find the peanut over

the course of the 66 mirror trials. All of the subjects that had improved their

percentage success over the course of the experiment also improved their time to find

the peanut. Only two subjects (both albigena) showed a significant decrease across

the 19 no-mirror trials. The outcome was slightly different when falls were assigned

the time after which the peanut fell: 8 out of 13 subjects (three torquatus and five

albigena) showed a significant decrease in time to find the peanut on mirror trials,

whereas only one subject {albigena) showed significant improvement on no-mirror

trials. One of the torquatus subjects (Bandit) that demonstrated a significant

improvement when falls were scored as 120 seconds failed to achieve a significant
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result when falls were assigned the time after which the peanut fell, whereas two others

(Boss and Sarah) went from non-significant to significant negative correlations.

In general, about half of the subjects reduced the time they needed to find the

peanut on mirror trials, but almost none of them showed improvement on no-mirror

trials. (A similar pattern was observed with the success data.) Given that the no-

mirror trials were randomly interspersed among mirror trials, one would expect any

increase in baseline search efficiency to show up for both types of trial. Since the

subjects only showed improvement in the mirror condition, it suggests that they were

capable of differentiating between trials in which a mirror was present versus those in

which it was covered, and that rather than just improving their baseline search

efficiency, they had started to derive some benefit from the presence of the mirror

image. This could be as simple as learning to use the mirror image as a cue to start

searching (mirror-triggered search), to learning to use the mirror image to determine
the correct location to search (understanding ofmirror correspondence).

Alternatively, and for some subjects perhaps more likely, the improvement in the

mirror condition might reflect the gradual disappearance of a negative effect of the

mirror. For example, one of Anderson's (1986) subjects required 175 mirror trials

before his time to find the peanut in the mirror condition improved to match his time in

the no-mirror condition. A third possibility is that the mirror had a social facilitation

effect, causing the subjects to search more in the presence of the mirror image. (For

examples of mirror-induced social facilitation in monkeys see Bayart and Anderson,

1984; Straumann and Anderson, 1991). This might have led eventually to more

efficient searching and therefore a reduction in the time required to find the peanut on

mirror trials. Of course, it may simply have been that the small sample size for no-

mirror trials meant that the test was not powerful enough to detect an existing

improvement.

As is always the case when carrying out multiple independent statistical tests,

there is the risk that some of the significant results were actually false positives. That

may be true for those correlations that were significant at only g<.05 (Zunie and
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Beboo), but the rest were significant at g<01 or less, in which case one would expect,

on average, no more than one false positive for every one hundred tests.

effect of practice on time to find peanut, group analysis:
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Figure 2.5 Mean time taken to find the hidden peanut in the mirror and no-mirror conditions.
Mirror trials are grouped into blocks of 10 and no-mirror trials into blocks of 5, but during
testing no-mirror trials were randomly interspersed among mirror trials. There was a non¬
significant improvement in time taken to find the peanut in both conditions.

Figure 2.5 gives an idea of the overall trends in time to find the peanut for all 13

subjects taken together. Mirror trials were grouped into blocks of 10 and no-mirror

trials into blocks of 5, then the median time to find the peanut for each block was

calculated for each subject. (The last mirror block consisted of six rather than ten
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trials, and the last no-mirror block of four rather than five trials.) Median times were

used so that failed trails could be assigned a value of 120 seconds and included in the

analysis. The mean time for all 13 subjects was then calculated for each block and

plotted. There was a small overall decrease in time taken to find the peanut across

both mirror and no-mirror trials. However, a one-tailed Kendall tau rank correlation

was calculated by hand for each condition, and the results were non-significant for

both the mirror (x=-.43, p=.119) and no-mirror (x=-.67, p=. 167) conditions. (The

correlations were computed by hand because the normal approximation used by SPSS

seriously underestimates the probabilities for sample sizes less than ten.) Thus the

subjects taken as a group did not become significantly faster over time. The graph also

shows that time taken to find the peanut did not differ significantly between conditions.

effect of column position on time to find peanut, individual analyses:

To test whether time to find the peanut varied according to its column position,

Minitab was used to carry out a separate Kruskal-Wallis one-way analysis of variance

on both the mirror and no-mirror trials of each subject, comparing the times taken to

find the peanut for each column of the bait-board. Failed trials were assigned a value

of 120 seconds and included in the analysis. Tables 2.11 and 2.12 list each subject's

median time to find the peanut for each column of the bait-board and the outcome of

the Kruskal-Wallis test, for the mirror and no-mirror conditions, respectively. The lack

of scores for failed trials posed the same problems for a parametric analysis of variance

as it did for a regression analysis; however, the Kruskal-Wallis test converts data

values to ranks, so the use of an arbitrary large value for failed trials did not distort the

test results. In addition, the observed times were not normally distributed, so a non-

parametric test was called for.

For the mirror trials seven subjects were significantly faster with certain columns,

but the favoured columns varied between individuals: Zunie was fastest with column

one, Sylvette was fastest with column two, Karlo and Sylvain were fastest with column

three, and Bandit, Beboo, and Marcy were fastest with column four. With the
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exception of Sylvette, all of these subjects demonstrated the exact same column

preferences with regards to highest percentage of successful trials. Sylvette had no

significant differences in success between columns. The variation in performance

according to column placement would appear to be the result of individual differences

in the manner of searching the bait-board, rather than a result of the design of the

apparatus.

Table 2.11 Median Time (sec) to Find Peanut for Each Column of the Bait-Board
(Mirror Trials)

subject column 1 column 2 column 2 column 4 column 5 H

Boss 51.0(15) 105.0 (12) 31.0 (17) 67.5 (8) 118.0(14) 4.8

Karlo 120.0 (14) 20.0 (13) 12.0 (12) 33.5 (16) 120.0 (11) 28.2***

Bandit 37.5 (16) 25.5 (8) 120.0 (14) 15.0 (17) 120.0 (11) 18.9***

Nancy 57.0 (15) 52.0 (11) 28.0 (15) 36.0 (14) 79.0(11) 4.8

Sarah 88.0 (15) 120.0 (15) 41.0 (11) 120.0 (13) 120.0 (11) 7.6

Zunie 13.0 (17) 92.5 (14) 82.5 (8) 30.5 (14) 25.0 (13) 11.5*

Sygma 59.0 (16) 120.0 (13) 40.5 (12) 120.0(13) 120.0 (12) 3.5

Beboo 120.0 (11) 116.0 (9) 120.0 (10) 38.5 (18) 120.0 (18) 14.6**

Georgette 120.0 (15) 120.0 (12) 120.0 (19) 120.0 (12) 120.0 (8) 5.4

Sylvette 120.0 (15) 43.0 (11) 120.0 (13) 120.0 (14) 120.0 (13) 13.1**

Sylvain 120.0 (13) 31.5 (14) 13.0 (10) 18.0(15) 93.5 (14) 21.5***

Marcy 34.0 (19) 55.0 (13) 120.0 (10) 19.0 (17) 63.0 (7) 10.1*

Patti 59.0 (13) 95.0 (12) 120.0 (16) 120.0 (9) 120.0 (16) 8.8

mean 76.8 76.6 74.5 66.0 103.0

Notes. The total number of trials for each subject in which a peanut was located in a particular column is given
in parentheses. All H values adjusted for ties with df=4, N=66, except for Sarah's, which has df=4, N=65
(Kruskal-Wallis one-way analysis of variance).
*p<05 **p<.01 ***p<001

Only one subject, Sylvain, had a significant result with the no-mirror trials; he was

fastest with column four, followed closely by column three. This is similar to his result

with the mirror trials. The lack of significant outcomes for the no-mirror condition

may have been due to the small sample sizes, which meant the tests were not very

powerful.
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Table 2.12 Median Time (sec) to Find Peanut for Each Column of the Bait-Board
(No-Mirror Trials)

subject column 1 column 2 column 3 column 4 column 5 H

Boss 37.0 (3) 120.0 (3) 8.5 (2) 120.0 (7) 97.5 (4) 9.3

Karlo 120.0 (4) 11.5 (4) 11.0 (7) 8.0 (3) 60.0 (1) 7.8

Bandit 24.0 (1) 5.0(2) 120.0 (4) 120.0 (4) 48.5 (8) 8.9

Nancy 49.0 (3) 87.0 (2) 120.0 (3) 42.0 (6) 120.0 (5) 3.6

Sarah 120.0 (3) 120.0 (4) 43.5 (4) 120.0 (3) 120.0 (6) 2.9

Zunie 8.5 (6) 89.0 (4) 67.0 (3) 30.0 (5) 120.0 (1) 8.6

Sygma 80.0 (2) 120.0 (5) 21.5 (2) 32.0 (5) 120.0 (5) 5.6

Beboo 120.0 (5) 61.5 (2) 120.0 (5) 5.0(3) 120.0 (4) 8.5

Georgette 120.0 (4) 120.0 (6) 64.5 (4) 120.0 (3) 120.0 (2) 5.0

Sylvette 120.0 (2) 80.0 (4) 120.0 (4) 97.0 (4) 120.0 (5) 3.6

Sylvain 120.0 (5) 27.5 (2) 18.5 (4) 11.0(4) 90.0 (4) 10.8*

Marcy 13.0 (6) 24.0 (3) 25.0(5) 8.0(1) 51.5 (4) 1.9

Patti 26.5 (6) 120.0 (5) 120.0 (3) 68.0 (2) 3.0 (3) 7.6

mean 73.7 75.8 66.1 60.1 91.6

Notes. The total number of trials for each subject in which a peanut was located in a particular column is given
in parentheses. All H values adjusted for ties with df=4, N=19; except for Sarah's, which has df=4, N=20
(Kruskal-Wallis one-way analysis of variance).
*p<.05

effect of column position on time to find the peanut, group analysis:

To test whether there was an overall effect of column position amidst the

individual variation, a Friedman two-way analysis of variance was calculated by hand

for both the mirror and no-mirror trials, comparing the median times to find the peanut

for each column of the bait-board (Tables 2.11 and 2.12). Median rather than mean

times were used so that failed trials could be assigned an arbitrary value of 120 seconds

and included in the analysis. The non-parametric Friedman test was used because the

data were not normally distributed. Note that the sample size varied between cells

because subjects received a different number of trials for different column positions,

therefore the precision of the median value varied between cells. The test was non¬

significant for both the mirror (X2=6.35, df=4) and no-mirror (X2=5.83, df=4)

conditions, which means there was no overall effect of column position on time to find
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the peanut. (This despite the tact that time to find the peanut varied according to

column for certain individuals, and the logit analysis showed that as a group, the

subjects were significantly less successful with column two than column one.)

effect of row position on time to find the peanut, individual analyses:

To test whether time to find the peanut varied according to its row position,

Minitab was used as before to carry out a Kruskal-Wallis test on the mirror trials of

each subject. (Tests on no-mirror trials were invalid due to small sample sizes.) Failed

trials were assigned a value of 120 seconds and included in the analysis. Tables 2.13

and 2.14 list each subject's median time to find the peanut for each row of the bait-

board and the outcome of the Kruskal-Wallis test, for the mirror and no-mirror

conditions, respectively.

Table 2.13 Median Time (sec) to Find Peanut for Each Row of the Bait-Board
(Mirror Trials)

subject row 1 row 2 row 3 row 4 row 5 row 6 H

Boss 120.0(13) 60.0 (9) 74.0(13) 75.0 (9) 120.0(11) 57.0(11) 4.5

Karlo 25.0(13) 9.0 (7) 55.5(12) 120.0(10) 88.0(12) 120.0(12) 19.3**

Bandit 120.0(17) 71.0(12) 59.5(10) 15.0 (8) 45.0 (9) 120.0(10) 2.3

Nancy 37.5(14) 45.0 (4) 35.5(12) 28.0(13) 120.0 (8) 120.0(15) 13.8*

Sarah 41.0(13) 89.0(12) 120.0(15) 120.0(5) 120.0(10) 120.0(10) 20.1***

Zunie 19.5(16) 27.0 (7) 24.0(10) 31.0(9) 45.5(14) 22.5(10) 1.5

Sygma 46.0(11) 120.0(11) 35.0 (7) 120.0(17) 120.0(9) 52.0(11) 3.2

Beboo 120.0(15) 120.0 (9) 120.0(9) 120.0(9) 120.0(10) 109.0(14) 4.2

Georgette 120.0(15) 120.0 (8) 120.0(15) 120.0 (8) 120.0(11) 120.0 (9) 7.3

Sylvette 120.0(9) 120.0(11) 120.0 (8) 120.0 (8) 120.0(13) 84.0(17) 7.8

Sylvain 19.0(13) 33.0(9) 48.0 (8) 20.5(14) 98.0(13) 80.0 (9) 3.5

Marcy 55.0(10) 19.0(15) 34.0(13) 26.0(12) 47.0 (9) 120.0 (7) 4.3

Patti 120.0(10) 120.0(13) 95.0 (6) 120.0(17) 120.0(9) 120.0(11) 1.8

mean 74.1 73.3 72.3 79.7 98.7 95.7

Notes. The total number of trials for each subject in which a peanut was located in a particular row is given in
parentheses. All H values adjusted for ties with df=5, N=66 except for Sarah's, which has df=5, N=65 (Kruskal-
Wallis one-way analysis of variance).
*g<.05 **g<01 **p<001



Results: controlled experiment - time 97

Table 2.14 Median Time (sec) to Find Peanut for Each Row of the Bait-Board
(No-Mirror Trials)

subject row 1 row 2 row 3 row 4 row 5 row 6 H

Boss 35.0(1) 89.0(2) 17.0(5) 120.0 (6) 120.0(2) 120.0(3) 10.5

Karlo 12.5 (6) 6.0(1) 63.0(2) 17.0(5) 57.0(3) 95.0 (2) 5.8

Bandit 119.0(5) 28.5 (2) 120.0(5) 120.0 (2) 60.0 (4) 15.0(1) 6.9

Nancy 119.0(4) 30.0(1) 120.0 (3) 54.0 (6) 120.0(3) 84.5 (2) 1.9

Sarah 65.0 (3) 110.5 (4) 120.0(1) 120.0 (6) 120.0(5) 120.0(1) 6.2

Zunie 26.0 (6) 99.0 (2) 10.0(3) 21.5(2) 120.0(3) 23.0(3) 7.8

Sygma 25.0 (6) 120.0 (4) 120.0(1) 37.5 (4) 120.0(3) 120.0(1) 8.9

Beboo 120.0 (2) 120.0 (3) 120.0 (2) 120.0 (5) 111.5(2) 120.0(5) 2.2

Georgette 120.0(5) 120.0 (1) 120.0(3) 57.0 (2) 120.0 (4) 115.0(4) 8.2

Sylvette 120.0 (4) 120.0(5) 120.0 (3) 120.0(1) 120.0(5) 45.0 (1) 6.3

Sylvain 26.0 (3) 66.5 (2) 78.0(5) 70.0 (2) 6.0 (4) 120.0(3) 5.7

Marcy 68.5 (2) 46.5 (2) 19.5 (6) 13.0(4) 24.0 (3) 35.5 (2) 1.0

Patti 120.0(3) 120.0(3) 120.0(4) 16.0(3) 11.5 (4) 120.0 (2) 7.2

mean 75.1 82.8 88.3 68.2 85.4 87.2

Notes. The total number of trials for each subject in which a peanut was located in a particular row is given in
parentheses. All H values adjusted for ties with df=5, N=19 except for Sarah's, which has df=5, N=20 (Kruskal-
Wallis one-way analysis of variance) - test invalid for all subjects due to small sample sizes.

Three subjects demonstrated a significant effect of row position on time to find the

peanut in the mirror condition (Table 2.13). Sarah was fastest with rows one and two,

Karlo with rows one to three, and Nancy with rows one to four. These are the same

three subjects that demonstrated an effect of row position on success, and as before, all

three performed best with the upper rows of the bait-board. As with the success data,

the mean times show that the subjects as a group performed least well with rows five

and six. However, there was considerable variation between subjects; some were

equally fast with all six rows, whereas others were fastest with the lower rows. The

variation was therefore most likely due to individual differences in search styles than

the actual design of the bait-board. The results for the no-mirror trials were all non¬

significant; however, the small sample sizes meant the tests were invalid.
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effect of row position on time to find peanut, group analysis:

To test whether there was an overall effect of row position concealed within the

individual variation, a Friedman two-way analysis of variance was calculated by hand

for both the mirror and no-mirror conditions, comparing the median times to find the

peanut for each row (Tables 2.13 and 2.14). Note that the sample size varied between

cells, because subjects received a different number of trials for different row positions,

therefore the precision of the median value varied between cells. The test was non¬

significant for both the mirror (X2=5.15, df=5) and no-mirror (X2=1.69, df=5)

conditions, which means there was no overall effect of row position on time to find the

peanut.

effect ofmirror on time to find peanut, individual analyses:

To test whether the presence of a mirror had an effect on time to find the peanut,

Minitab was used to carry out a non-parametric Mann-Whitney test for each subject,

comparing the times taken to find the peanut on mirror versus no-mirror trials. A two-

tailed test was used in each case because the possibility existed that the mirror image

would have a negative rather than positive effect on the subjects' performance. A

Mann-Whitney test was used so that failed trials could be included in the analysis by

assigning them an arbitrary value of 120 seconds; this did not distort the test results

because the Mann-Whitney test uses relative ranks. In addition the data were not

normally distributed.

Table 2.15 lists each subject's median time to find the peanut for the mirror and

no-mirror conditions, as well as the outcome of the Mann-Whitney test, under the

heading trials 120s long. The outcome was non-significant for 12 out of 13 subjects,

indicating that the presence of a mirror neither helped nor hindered most of the

monkeys as they searched for the peanut. The exception was Karlo, a juvenile male

torquatus, who was faster when the mirror was covered. This subject was also

significantly more successful than expected in the no-mirror condition, which suggests

that the mirror image might actually have had a negative effect on Karlo's performance.
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Table 2.15 Median Time (sec) to Find Peanut for Each Image Condition

trials 120s long trials 60s long

subject mirror no-mirror W mirror no-mirror W

Boss 74.5 118.0 2816 60.0 60.0 2844

Karlo 49.0 17.0 3032* 49.0 17.0 3003

Bandit 80.5 119.0 2781 60.0 60.0 2759

Nancy 48.0 118.0 2726 48.0 60.0 2745

Sarah 120.0 120.0 2651 60.0 60.0 2639*

Zunie 25.0 30.0 2818 25.0 30.0 2812

Sygma 119.5 120.0 2841 60.0 60.0 2842

Beboo 120.0 120.0 2828 60.0 60.0 2833

Georgette 120.0 120.0 2892 60.0 60.0 2845

Sylvette 120.0 120.0 2765 60.0 60.0 2778

Sylvain 34.0 47.0 2802 34.0 47.0 2810

Marcy 39.5 17.0 2941 39.5 17.0 2940

Patti 120.0 120.0 2874 60.0 60.0 2916

mean 82.3 91.2 52.0 50.1

Notes. N(mirror)=66, N(no-mirror)=19 for all subjects except Sarah, for whom N(mir)=65, N(no-mir)=20. All
W values adjusted for ties (Mann-Whitney test).
*g<,05

In order to compare the results of this study with subsequent experiments in which

a trial lasted only one minute, the data were rescored so that trials in which the subject

took more than one minute were given a value of 60 seconds, and two-tailed Mann-

Whitney tests were then carried out as before. The results are shown in Table 2.15

under the heading trials 60s long. Only one subject had a significant result: in this case

it was the adult female torquatus, Sarah, who was faster in the mirror condition. (This

becomes apparent when one looks at the mean times for each condition: 47.8 seconds

with mirror versus 55.6 seconds without.) This subject was also more successful in the

mirror condition for 60s trials, which suggests that by the end ofExperiment 1 she had

just begun to use the mirror image to improve her performance.

The use ofmultiple independent statistical tests increases the chance of obtaining a

false positive result, thus the significant results recorded for Karlo and Sarah indicating
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an effect of condition must be treated with some caution, as they were significant at

only g<05. However, given that the results were consistent across both success and

time data for both subjects, the effect is probably real.

effect ofmirror on time to find peanut, group analysis:

To test whether there was an overall effect of the mirror, a Wilcoxon matched

pairs signed-ranks test was calculated by hand, comparing the median times to find the

peanut in the mirror and no-mirror conditions (Table 2.15). A two-tailed test was used

since the possibility existed that the mirror image would have a disruptive effect on the

subjects' performance. The result was non-significant for both 120 second (T=9, N for

test=8) and 60 second trials (T=9, N for test=5); experimental condition had no overall

effect on time to find the peanut, just as it had no effect on success.

effect of practice on attempts to find peanut, individual analyses:

To test whether, over the course of the experiment, any subjects reduced the

number of search attempts they needed to find the peanut, SPSS for Windows was

used to carry out a Kendall tau rank correlation on the mirror and no-mirror data of

each subject, comparing the number of search attempts per trial to trial number. The

number of attempts per trial was only recorded for the last three test sessions. Mirror

and no-mirror trials were both numbered consecutively starting at one, rather than

using overall trial number. One-tailed tests were used since it was assumed that

subjects would improve with practice. Although the number of attempts could be

scored for every trial and the data were for the most part normally distributed, it was

not possible to use a parametric regression analysis because neither the dependent nor

the independent variables were continuous.

Table 2.16 lists the correlations for each subject. None of the subjects had

significant results, although Karlo had a nearly significant (p= 052) negative correlation

for the no-mirror condition, indicating that the number of attempts was decreasing with

practice. (However, his correlation for the mirror condition was positive, indicating
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that number of attempts was increasing.) None of the subjects showed a clear

improvement in the number of attempts needed to find the peanut, despite the fact that

several subjects showed improvement in both percentage success and time to find the

peanut. However, given the small sample sizes (N=36 mirror trials and N=9 no-mirror

trials) it is perhaps not surprising that no effect was observed.

Table 2.16 Kendall Rank Correlations Between Number of Attempts to Find Peanut and
Trial Number for Each Image Condition

subject mirror no-mirror

Boss -.12 -.03

Karlo .20 -.47

Bandit .01 .37

Nancy .08 .20

Sarah -.11 .18

Zunie .16 .41

Sygma -.04 -.41

Beboo .19 .29

Georgette -.14 -.40

Sylvette .03 .09

Sylvain .17 .00

Marcy .11 .24

Patti .02 -.33

Note. N(mirror)=36, N(no-minror)=9 for all subjects.

effect of practice on attempts to find peanut, group analysis:

Figure 2.6 gives an idea of the overall trends in number of attempts per trial to

find the peanut according to condition. Trials were grouped into blocks of 10 for the

mirror condition and blocks of 5 for the no-mirror condition, then each subject's mean

number of attempts per trial was calculated for each block. (The last mirror block

consisted of six rather than ten trials, and the second no-mirror block of four rather

than five trials.) The mean number of attempts for all 13 subjects was then calculated

for each block and plotted. There was a very slight increase in the number of attempts
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to find the peanut for both the mirror and no-mirror conditions, but the one-tailed

Kendall rank correlation calculated for the mirror condition indicated that this was

non-significant (x=.91, p=. 167). (There were too few no-mirror blocks to carry out a

similar analysis.) The graph also shows that the number of attempts to find the peanut

did not appear to differ significantly between conditions.
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Figure 2.6 Mean number of attempts to find the hidden peanut in the mirror and no-mirror
conditions. Mirror trials are grouped into blocks of 10 and no-mirror trials into blocks of 5,
but during testing no-mirror trials were randomly interspersed among mirror trials. Number of
attempts did not change significantly in either condition.

effect ofmirror on attempts to find peanut, individual analyses:

Given that on any given attempt subjects usually searched in more than one

column or row, there was no point in analysing whether the number of attempts varied

according to column or row position. To test whether the presence or absence of a
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mirror image had an effect on the number of search attempts, Minitab was used to

calculate a two-tailed t-test for each subject comparing the number of attempts per trial

in the mirror versus no-mirror conditions. It was possible to use a parametric test in

this case because the number of search attempts could be recorded even on failed

trials, and the data were for the most part normally distributed. Two-tailed tests were

used because the possibility existed that the mirror would have a negative effect on

performance. It was not possible to rescore the attempts data to carry out analyses for

60 second trials, as was done with the success and time data.

Table 2.17 Mean Number ofAttempts to Find Peanut for Each Image Condition

subject mirror no-mirror t df

Boss 2.2 2.8 -0.77 9

Karlo 4.5 3.9 0.36 10

Bandit 4.6 5.3 -0.51 15

Nancy 3.5 3.6 -0.02 12

Sarah 2.9 5.1 -2.35* 10

Zunie 2.8 3.8 -0.70 8

Sygma 4.6 4.7 -0.12 17

Saki 6.0 5.4 0.34 11

Beboo 6.0 6.7 -0.36 11

Georgette 6.5 8.0 -0.81 12

Sylvain 5.7 5.4 0.16 13

Marcy 2.3 3.9 -1.43 9

Patti 2.9 3.1 -0.22 10

mean 4.2 4.7

Notes. N(mirror)=36, N(no-mirror)=9 for each subject.
*g<05

Table 2.17 lists each subject's mean number of attempts per trial in each condition,

as well as the results of the t-tests. The only subject with a significant result (p=.041)

was Sarah, an adult female torquatus, who required more attempts to find the peanut

in the no-mirror condition. This corresponds to her results with the success and time
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data (60 second trials), where the mirror also had a beneficial effect on performance.

However, given that Sarah found the peanut more often on mirror trials, the

proportion of trials which lasted the full two minutes was less than for the no-mirror

trials. Since the subjects could make more attempts on failed trials (because they

lasted longer), one would naturally expect Sarah to make more attempts in the no-

mirror condition. To take this into account the number of attempts per trial should

ideally only be compared for trials matched according to time taken to find the peanut

(and peanut location). In this instance, however, the sample sizes were too small for

such an analysis to be practical.

effect ofmirror on attempts to find peanut, group analysis:

To test whether there was a group-level effect of the mirror on the number of

attempts to find the peanut, a two-tailed Wilcoxon matched-pairs signed-ranks test was

calculated by hand comparing the mean number of attempts per subject for each

condition (Table 2.17). It was possible to use means instead of medians in this case

because the number of search attempts could be scored for both successful and failed

trials. Since no arbitrary values were assigned to failed trials the mean could be

calculated. The outcome was non-significant (T=19, N=13); there was no overall

effect of condition on the number of attempts taken to find the peanut, consistent with

the results of the success and time data.

unbaited control trials:

The first five test sessions for each subject contained not only mirror trials and no-

mirror control trials, but two unbaited control trials, one with the mirror present and

one with it covered. Anderson (1986) compared the results of his subjects on such

control trials to show that they rarely searched on unbaited trials if the mirror was

present to show them that there was no bait, whereas they did search on unbaited trials

if the mirror was covered. This gave further proof that his subjects were using the
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mirror image to help them find the hidden food. The subjects in this experiment,

however, searched equally often on the five unbaited trials with the mirror as for the

five unbaited trials without the mirror. Unbaited control trials provide interesting

information only if subjects already show some evidence of using the mirror image,

which these subjects did not; this type of control trial was therefore not used in the

remaining test sessions.

DISCUSSION

The main purpose of this experiment was to find monkeys that could use a mirror

image to direct their search for a hidden target. The design was inspired by Anderson

(1986); however, in addition to using mangabeys instead ofmacaques as subjects there

were several other methodological differences. In Anderson's study all of the subjects

remained in their home cage with their group during testing; this meant that only a few

of the group members actually had access to the test apparatus, because it was

monopolized by a few individuals. I decided to test subjects individually, to provide

more control over the experimental situation and maximize the number of potential

subjects for my experiment. However, most of the albigenas became very agitated

when isolated from their group, so rather than subjecting them to a lengthy and

stressful habituation, the subject's group remained in the cage adjacent to the test cage

so that they could remain in visual and vocal contact. This had the disadvantage that

subjects were sometimes distracted from the task at hand by other group members.

The other major difference between this study and Anderson's was in the test

apparatus and baiting procedure. In the Anderson experiment raisins were stuck to the

base of the cage below the wire mesh. Subjects watched as the experimenter

approached the target area and made six to eight baiting motions, only one of which

was real. When the experimenter moved away the subjects would approach and search
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the target area by reaching through the holes of the cage mesh. In this study 30

potential target locations were used and subjects could not see the experimenter during

baiting or while they were searching, thereby making the task considerably more

difficult and eliminating any possibility of unintentionally cueing the subjects as to the

real location of the target.

The two measures of performance Anderson used to determine the effect of the

mirror were time taken to find the peanut and number of attempts required to find the

peanut. In addition to using these two measures I also analysed the effect of the mirror

on the frequency of successful trials; that is, whether the subjects were more likely to

find the peanut with a mirror present. It should be noted, though, that the behaviour

that I scored as number of attempts to find the peanut does not compare directly to the

behaviour so called by Anderson. In his experiment, the subjects had to reach through

the holes of the cage-mesh in order to search the target zone. The area which a subject

could search on any given attempt was therefore quite limited, so if it chose the wrong

location, it would have to withdraw its hand in order to try again. Number of attempts

therefore provided a good measure of whether the subjects were using the mirror

image to direct their search (in the sense of reaching to the correct location), because a

subject capable of using the mirror image to determine the location of the hidden target

should be able to obtain the target with very few attempts.

In this experiment, the subjects reached through one of two large search holes

which gave them access to the entire bait-board. In most cases, therefore, if the

subject's initial reach did not contact the peanut, it would not be compelled to

withdraw its hand to try again. For a trial of a given length a subject might reach out

only once and search in an unfocused manner all over the bait-board before finding the

peanut, or it might make repeated attempts concentrated in the vicinity of the target.

As a measure of performance, therefore, number of search attempts is rather vague,

and it does not give a clear indication of whether the subjects are capable of using the

mirror image to direct their search.
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There were several modifications of procedure over the course of this experiment.

The main changes involved increasing the number of constraints imposed on the

placement of peanuts in the bait-board. Constraints were added progressively to

reduce the chance of a subject reaching directly to a peanut by a means other than

using the mirror image. (For example, one subject reached almost directly to the

peanut on its very first mirror trial. On the next trial the subject did the same thing. It

seemed as though the subject might already be using the mirror image. However, the

second peanut was in the same column as the previous one, only one compartment

down. The subject may well have been reaching to a previously rewarded location,

completely unaware of the mirror image, and by chance found the nearby peanut.)

Table 2.18 Significant Effects ofDifferent Factors on Success. Time, and Attempts to
Find Peanut

practice

success

column mirror practice

time

column mirror

attempts

practice mirror

Boss o o o/o o/+ o o/o 0 o

Karlo o + -/o o/o + -/o 0 0

Bandit + + o/o +/o + o/o 0 o

Nancy o o o/o o/o o o/o 0 o

Sarah o o o/+ o/+ o o/+ 0 +

Zunie o + o/o +/+ + o/o 0 0

Sygma + o o/o +/+ o o/o 0 0

Beboo o + o/o +/+ + o/o 0 0

Georgette + o o/o +/+ o o/o 0 o

Sylvette + o o/o o/o + o/o 0 o

Sylvain o + o/o o/o + o/o o 0

Marcy + + o/o +/+ + o/o 0 o

Patti o 0 o/o o/o o o/o 0 0

Notes: A o indicates a non-significant result, + a significant positive effect, and - a significant negative effect.
The two results given in the mirror columns are for 120s and 60s trials, respectively. The two results in the
time(practice) column are for trials in which a fallen peanut was scored as 120s or time of fall, respectively.
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Table 2.18 summarizes the results of the analyses carried out for each subject.

Several subjects became faster and more successful at finding the peanut over the

course of the experiment, whereas none of the subjects showed an effect of practice on

number of attempts to find the peanut. Given the design of the bait-board I wondered

whether certain columns, the central one in particular, might be more difficult to reach

and search than others. The logit analysis of the success data indicated there was an

overall effect of column position on probability of finding the peanut; column two was

significantly more difficult than column one, but it was not more difficult than the other

columns. This might have been due to the fact that the right hand search hole (i.e. the

one nearer column two) was slightly narrower than the left, thereby hampering

searches on that side. There was no corresponding overall effect of column position

on time to find the peanut.

For six subjects column position had a significant effect on both success and time

to find the peanut: subjects were fastest with those columns with which they had the

most success, but the preferred column varied between subjects. These column effects

could have occurred in two ways: 1) all columns were equally difficult to search, but

the subject searched certain columns less often than others; 2) the subject searched all

columns equally often, but certain columns were inherently more difficult so s/he

succeeded less often. If the latter was true, one would expect to see an overall effect

of column position, which might be the case with column two. In fact the columns

were probably all equally easy to search, and subjects searched less often in certain

columns either due to personal preference (e.g. Karlo almost always reached into the

center of the bait-board at the start of a trial, and he was most successful and fastest

with columns two, three, and four) or physical constraints (e.g. two year old Bandit

was least successful and slowest with column three; due to his small size he may have

had trouble reaching to the center of the bait-board).

The presence of a mirror had no effect on performance when the subjects were

tested as a group, for both 120 second and 60 second trials. At the individual level

only two subjects had significant results for 120 second trials: Karlo was less
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successful and slower when the mirror was present, whereas Sarah made fewer search

attempts in the mirror condition. The mirror apparently had a negative effect on

Karlo's performance, as Anderson (1986) observed with one of his subjects. However,

when the trials were rescored to 60 seconds, Karlo showed no effect of the mirror, and

Sarah was significantly more successful and faster when the mirror was present. The

fact that her performance improved on two measures argues against this being merely a

false positive result. It would appear that by the end of the experiment Sarah was just

beginning to benefit from the mirror image, but this was only apparent under the more

difficult conditions created by rescoring the trials to 60 seconds.

Sarah's superior performance in the presence of the mirror might indicate that she

had started to use the mirror image to direct her search for the hidden peanut.

Alternatively, the mirror might have been producing a social facilitation effect, causing

her to search more when the mirror was present, thereby increasing her chances of

finding the peanut. This is unlikely for two reasons. First, in previous demonstrations

of mirror-induced social facilitation in monkeys (Bayart and Anderson, 1985;

Straumann and Anderson, 1991) the subjects were confronted with a reflection of their

whole body, thus simulating the presence of a conspecific. In this experiment the

mirror was positioned such that the subjects could see only the reflection of their arms

as they searched the bait-board, so the social stimulus potential of the mirror image

was limited. Whereas MacLean (1964) found that certain types of squirrel monkey

would make social responses even to the reflection of only one eye, Marchal and

Anderson (1993) found that capuchin monkeys made far fewer social responses to a

small versus a large mirror. There are clearly species differences with regards to what

sort of reflection constitutes an adequate social stimulus, but it was noted that only a

few subjects ever made social responses to the mirror during this experiment, and then

only very early on during the familiarization phase. Second, irrespective of the

presence of the mirror, all of the subjects generally spent the entirety of each trial

searching for the peanut; this leaves little scope for the mirror to have a facilitation

effect.
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It is perhaps not surprising that so few subjects in this experiment were able to use

the mirror image to improve their performance. Given that the subjects had no

previous experience with mirrors, they could not be familiar with the properties of

reflective surfaces (no understanding of mirror correspondence, no visuo-motor

adaptation to the displaced image), and therefore would be unaware of how the mirror

might be usefully employed to aid their search. Although it might be possible to learn

the mirror contingencies over the course of the experiment, the subjects would have no

reason to pay attention to the mirror in the first place, and so a potential ability might

go unrecognized.

If the subjects had been given more time they may eventually have learned to use

the mirror image even under these difficult circumstances. After all, they only received

a total of 66 mirror trials and 19 no-mirror trials, which is next to nothing when one

considers that one of Anderson's subjects took hundreds of trials before it learned to

use the mirror image. The monkeys sometimes looked in the mirror as they removed a

peanut from the bait-board, so the opportunity existed for them to learn the connection

between mirror image and real object. Although some subjects may well have been

capable of learning to use the mirror under these circumstances, it was felt that they

would progress much faster if they were given first-hand experience with a mirror.

Since the main purpose of this experiment was to select subjects for future video

experiments, and since the time available for experimentation was limited, the decision

was made to terminate this study for practical, rather than theoretical, reasons.

Another question that arose at the end of this study was whether the test

apparatus was sufficiently challenging. If subjects could achieve a high success rate by

searching blindly, they would have little incentive to use the mirror image to aid their

search. The problem with the apparatus was that subjects could sweep their hands

rapidly over the surface of the board, quickly searching multiple compartments in the

process. Given the limited size of the apparatus and the fact that subjects had two

minutes in which to search, some of them became very successful even when searching

blindly: for example, the torquatus female Zunie was successful on 80% ofmirror trials
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and 79% of no-mirror trials. (Note that not all subjects achieved such high success

rates; the albigena female Georgette was successful on only 17% ofmirror trials and

26% ofno-mirror trials.)

I decided that the apparatus should be altered to make finding the peanut more

difficult. Over a period of several weeks various modifications were made to the

apparatus and tested on the juvenile male torquatus, Rapide, in an attempt to find a

more challenging design (success in finding the peanut was used as a measure of

difficulty). All of the changes aimed to prevent the sweeping arm movements that

enabled some subjects to search the apparatus so rapidly, without hampering the

subjects so much that certain compartments became too difficult to reach. Rapide

received equal numbers of mirror and no-mirror trials using the standard experimental

procedure.

At first the search holes were altered by stringing wire across them to effectively

create four smaller 'holes' on each side; Rapide was given a total of 80 trials under

these conditions. This had the effect of increasing the average number of attempts per

trial, but had no effect on Rapide's success, because he was still able to sweep his arm

over a large part of the apparatus on each attempt. The number of'holes' per side was

increased therefore to eight, but this proved to be too restrictive. After only ten trials

this modification was abandoned because Rapide had so much difficulty searching.

The number of 'holes' was reduced to four again and two metal 'pegs' (actually

screws) were added to each side of the apparatus (in the second and fourth columns)

to impede sweeping movements. Rapide received 80 trials with this modification. The

average number of attempts per trial was still quite high, but Rapide was significantly

more successful under these conditions than with the four 'holes' alone. Since Rapide's

success was clearly improving with practice irrespective of the modifications applied to

the apparatus, I could not use this as an objective measure of the difficulty of the

design. Instead I concentrated on trying to reduce the sweeping searches.

Three more 'pegs' were added to each side (in columns two and four, so that there

was a peg between each compartment) and Rapide was given 20 trials. Finally, the
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wire was removed from the search holes and the number of 'pegs' was increased to

twenty-two (six along each edge of the apparatus, beside the six compartments in

columns one and five, and the five pegs still in columns two and four). A transparent

plexiglass sheet (40 x 40 cm) was held in place against the tops of the screws, thus

forcing the subject to reach under the sheet and between the screws, rather than

reaching over them (Fig. 2.7). Rapide received a total of 70 trials with this design. He

was less successful with this set-up compared to the arrangement with four 'holes' and

two pegs per side, but this was only significant for mirror trials. More importantly,

however, this design completely prevented Rapide from using sweeping searches.

Instead, he would make a series of rapid searches between each of the pegs.

Although Rapide was very efficient at searching the bait-board, it was felt that this

was due to the enormous amount of practice that he had received (a grand total of 340

trials), and that subjects unfamiliar with this design would find it reasonably difficult.

In fact, when the albigena subjects were each given 10 trials with the new bait-board,

it seemed too difficult. Specifically, the plexiglass sheet caused problems because the

subjects would sometimes reach above it rather than below it and between the pegs. It

was therefore removed prior to the start of Experiment 2. The details of the apparatus

in its final form are found in the methods section of the next chapter.
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Figure 2.7 New bait-board design with pegs and plexiglass sheet.
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Experiment 2: Can mirror-experienced monkeys use a mirror to find
hidden food?

INTRODUCTION

The main purpose of Experiment 1 was to select subjects to participate in further

video image experiments. It had to be considered a failure since no subjects

demonstrated the selection criterion, i.e. evidence of using the mirror image to aid

their search. By the end of Experiment 1 two possible problems in the design of the

study had become clear. As discussed in the previous chapter, the lack of prior mirror

experience may have made it very difficult for the subjects to learn the relevance of the

mirror image to the task of finding the hidden food. In addition, the task may not have

been difficult enough to make using the mirror a worthwhile strategy. Experiment 2

was carried out in order to overcome these problems.

Various changes in protocol were implemented in an attempt to maximize the

likelihood of finding subjects that could use the mirror. To increase task difficulty trial

length was reduced from two minutes to one minute, and the bait-board was modified

to make it more difficult to search, thereby increasing the potential usefulness of the

mirror image. Before testing began, most subjects were given access to a mirror in

their home cages, so that they could become familiar with its reflective properties. All

subjects were then given a learning period in which they received a long series of just

mirror trials. By the end of the learning period it seemed to me that certain subjects

were reaching for the peanut with such speed and directness that they must be using

the mirror in some way to aid their search. To give statistical confirmation to these

impressions I carried out an experiment with a mixed series of mirror trials and no-

mirror control trials, and several subjects showed clear evidence of using the mirror

image to find the hidden food.
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METHODS

subjects:

All of the subjects that participated in Experiment 1 were used as subjects in this

study, with one exception. The adult female albigena Sylvette injured an arm and

could not participate. She was replaced by another member of Sygma's group, a

juvenile male albigena called Saki. During the familiarization phase of Experiment 1

Saki had been reluctant to enter the test cage, so he was not chosen as a subject for

that experiment. However, by the start of this study Saki would voluntarily enter the

test cage, so he was chosen to replace Sylvette. Table 3.1 gives the name, sex, and

age of the subjects at the start of Experiment 2 (after mirror experience and the

learning period were complete).

Table 3.1 Name. Sex, and Age of Subjects at the Start of the Experiment

subject species group sex age (yr.mth)

Boss torquatus Boss m 10,8
Karlo torquatus Boss m 5,2
Bandit torquatus Boss m 2,7

Nancy torquatus Boss f 11,3
Sarah torquatus Boss f 10,9
Zunie torquatus Boss f 6,6

Sygma albigena Sygma m 18,3
Saki albigena Sygma m 2,9
Beboo albigena Sygma m 20,6

Georgette albigena Sygma f 19,10

Sylvain3 albigena Peanuts m 5,2

Marcy3 albigena Peanuts f 10,1

Patti3 albigena Peanuts f 5,2

aDid not receive direct experience with mirrors prior to start of testing.
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experimental setting:

With the advent of colder weather, it was not always possible to shut the torquatus

group outside when an albigena group was being tested. To prevent the torquatus from

reaching into the mirror cage and disturbing the camcorder and other apparatus, or

threatening the albigena subjects during testing, wooden and PVC panels were attached to

the mesh between home cage one and the mirror cage (A), forming a complete visual and

physical barrier (see Fig. 2.1). To reduce the possibility of aggressive displays between the

two species, panels were also added between home cage one and cage C, although in this

case the visual barrier was not perfect. In particular, the entire upper-left quadrant of cage

C was uncovered, but the torquatus did not take advantage of this fact to make displays

towards the albigenas. Another change involved hanging a drape over the window in the

mirror cage, to give some control over the intensity of light falling on the bait-board. This

experimental setting was used in all subsequent experiments.

Figure 3.1: The bait-board with search hole shutters open and subject Karlo searching.
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apparatus:

The same bait-board was used as in Experiment 1, but with the addition of

twenty-two metal screws that projected out of the board at regular intervals, to a

distance of eight centimetres (see Fig. 3.1). The screws prevented the subjects from

rapidly searching the bait-board with sweeping movements of their hands; instead they

had to reach between them. As in the previous study, a 40 by 60 cm mirror was

positioned directly opposite the bait-board. However, in an attempt to increase the

salience of the mirror image, the mirror was placed closer than it was in Experiment 1.

The top of the mirror was 123 cm above the floor and 72.5 cm from the cage mesh

supporting the bait-board, whereas the bottom of the mirror was 67.5 cm above the

floor and 50.5 cm from the cage mesh.

A Panasonic NV-S7 SuperVHS camcorder was used to record selected trials for

each subject. The camcorder was supported on a tripod behind the mirror with the

lens of the video camera directly opposite the center of the bait-board, at a distance of

about 95 cm. The zoom was adjusted to include the bait-board and the search holes in

the field of view.

procedure:

mirror experience:

Prior to starting this experiment all six torquatus subjects (from Boss's group) and

four out of seven albigena subjects (from Sygma's group) were given direct access to

a mirror, in a context different from the experimental situation they had experienced

before. It was decided that the three albigenas from Sylvain's group (Sylvain, Marcy,

and Patti) would serve as a control and not receive any mirror experience (see Table

3 .1). Subjects remained with other group members during mirror presentation.

Over the course of two weeks (Nov. 4-16) Boss's group and Sygma's group each

received 13 half hour sessions of exposure to a 60 by 40 cm mirror attached to the

mesh of the door of home cage 2. Each group also received one control session in
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which they were presented with the non-reflective back of the mirror. After this

period a mirror was permanently installed on the mesh of one of the home cages of

each group (60 by 40 cm for torquatus, 60 by 60 cm for albigena).

On Dec. 3 the torquatus broke one corner of the mirror attached to their cage, so

the mirror was removed from the cage mesh and propped against the back wall out of

their reach. On Dec. 5 the mirror was broken accidentally into three pieces, which

were taped back together again and propped against the wall. On Dec. 6 the broken

mirror was removed because it gave a distorted reflection. A single piece of the

broken mirror was put back in the building, propped against the back wall out of

reach. On Dec. 6 the juvenile male torquatus Karlo was seen to be studying a small

piece ofmirror (about one cm square); the subject played with the mirror fragment for

about 30 minutes before it was removed.

learning period:

Once the subjects had been given this opportunity to learn the properties of a

mirror image, formal testing could begin. When the torquatus subjects were to be

tested as many group members as possible were enclosed in home cage two; however,

one or two subjects sometimes remained in home cage one, and occasionally a subject

was shut in the small cage adjacent to home cage one (see Fig. 2.1). When the

albigena subjects were to be tested, the torquatus were temporarily shut outside in

outdoor cage one, and the entire albigena group was moved into home cage two. If

the weather was fine the torquatus remained shut outdoors; otherwise they were given

access to home cage one as well as outdoor cage one.

Subjects were first given a learning period in which they received only mirror

trials, with the aim ofmaximizing their chances of learning that the mirror image could

aid their search for the hidden food. The basic procedure was the same as in

Experiment 1. When a subject entered the test cage the experimenter gave him a

peanut; similarly, at the end of every test session (series of trials) the subject received a

peanut when he left the test cage. Trials were conducted in the same manner as
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before, except that they were only one minute long. The experimenter entered the

mirror cage and placed a single peanut in one of the compartments of the bait-board.

She uncovered the mirror, turned on the camcorder, opened the shutters, then

immediately sat on a chair in cage C and noted the subject's search behaviour on a

checksheet. Number of search attempts, time to find the peanut, and success or failure

were all recorded (see p. 69 for definitions). A trial ended when the shutters were

closed by the experimenter, for one of three reasons: 1) the subject failed to find the

peanut within one minute (failure); 2) the subject knocked the peanut out of the bait-

board onto the floor (failure); 3) the subject removed the peanut from the bait-board

(success). If the subject did not approach the apparatus within 15 seconds after the

start of the trial, the shutters were closed and the trial was restarted with the peanut in

the same location. The intertrial interval was usually about 60 to 90 seconds, but was

occasionally longer due to uncontrollable delays (such as catching escaped monkeys,

repairing damage to the bait-board, or removing tourists who were distracting the

monkeys).

Before testing began on a given day, the experimenter prepared checksheets for

each subject's test session, specifying the location of the peanut on each trial. As in the

previous experiment, the placement of the peanut in the bait-board was determined

using random number tables, subject to certain constraints. On any two consecutive

trials the peanuts could not be in the same row or column, or within a one

compartment radius of each other. Unlike Experiment 1, a compartment could be

used only once in a test session. At the end of Experiment 1 it became clear that

despite the random placement of peanuts, for certain subjects some columns of the

apparatus had been baited far more often than others. This was avoided in the current

study by adding the constraint that within a test session each column had to be baited

equally often. The number of trials in a test session was therefore always a multiple of

five. However, occasional errors of placement meant that the number of trials per

column was not identical for all subjects.
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The learning phase ran from Nov. 18 to Dec. 10, 1993. Rather than imposing the

order in which subjects were tested, they were taken in the order in which they

spontaneously entered the test cage. The number of trials in a test session varied from

10 to 30, but all subjects received a total of 130 mirror trials. Throughout the first 65

(for albigenas) or 90 (for torquatus) trials one of the four bolts used to fix the bait-

board to the cage mesh was exposed. The wood putty covering the bolt in the lower

left quadrant of the apparatus had fallen out, thus providing a visual cue which

subjects could potentially use to determine which side of the apparatus the peanut was

on. After these trials the bolt was finally reconcealed and the board repainted. By the

end of the learning period the reaches of some of the subjects seemed to be specifically

targeted towards the peanut, which suggested that they were using the mirror image to

direct their search. I therefore carried out a controlled experiment to give statistical

confirmation to my impressions.

controlled experiment:

The experiment ran from Jan. 17 to 24, 1994. The procedure was the same as for

the learning period, but in addition to mirror trials subjects also received no-mirror

control trials, in which the mirror was covered with a cardboard screen. Prior to the

first session the order in which the subjects were to be tested was chosen at random,

and was rotated by one every session after that. The first two sessions contained

fifteen trials (ten mirror trials and five no-mirror control trials), and the third (and last)

session contained nineteen trials (ten mirror trials, five no-mirror controls, two

mirror/no-bait controls, and two no-mirror/no-bait controls). All subjects but one

received a total of 30 mirror trials and 15 no-mirror control trials; Georgette, an adult

female albigena, did not receive a third session, so she had only 20 mirror trials and 10

no-mirror control trials. The first session of the juvenile male torquatus Karlo was

interrupted after three trials and had to be completed the next day.

Before testing began on a given day, the experimenter prepared checksheets for

each subject's test session. First the order of mirror and control trials was randomly
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determined, with the following constraints: For the first two sessions no-mirror trials

could not occur consecutively and the session had to begin and end with a mirror trial;

for the last session there was the added constraint that unbaited trials could not occur

consecutively. Once trial order was determined the placement of the peanut on each

trial was chosen in a quasi-random fashion. Peanut positions were assigned for all of

the no-mirror control trials and then all of the mirror trials using random number

tables, subject to the same constraints as in the learning period; however, in this case

each column also had to be baited equally often for each trial type. Table 3.2

summarizes the details of the protocol in the learning period and the experiment.

Table 3.2: Details of Protocol for Learning Period and Experimental Test Sessions

phase session trial type and number constraints on trial order

learning 1 to 9 m (10-30, in multiples of 5) -none

experimental 1 m (10), nm (5) -no consecutive no-mirror trials

-session began and ended with
a mirror trial

experimental 2 m (10), nm (5) -no consecutive no-mirror trials

-session began and ended with
a mirror trial

experimental 3 m (10), nm (5), m/nb (2),
nm/nb (2)

-no consecutive no-mirror trials

-session began and ended with
a mirror trial

-no consecutive unbaited trials

Note. m=miiTor, nm=no mirror, rn/nb=mirror/no-bait, nm/nb=no-mirror/no-bait
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RESULTS

mirror experience

During the half-hour mirror presentations all subjects, with the exception of the

adult females, showed considerable interest in the mirror. The adult male albigena,

Sygma, spent much of his time in front of the mirror attacking or threatening his

mirror image. He often reached under the mirror in an apparent attempt to grab his

'opponent'. He yawned frequently, both in the direction of the mirror and facing away

from it (indicating stress or a conflict between the desire to attack versus flee), and

occasionally lipsmacked (an affiliative gesture) in the direction of his reflection. In

sessions 8 to 11 Sygma also presented several times to the mirror image. Presenting

involves standing with one's posterior directly in front of another animal, tail raised,

often while looking over one's shoulder at the recipient, and is an affiliative/approach

gesture. In contrast, the adult male torquatus (Boss) only showed interest in the

mirror for the first two sessions. He looked and reached behind the mirror, and

presented several times, but spent most of his time in front of the mirror repeatedly

placing a nail against the mirror image and letting go of it. This individual is capable

of exchanging objects with an experimenter (Coussi-Korbel, pers. comm.), so perhaps

it was trying to exchange an object with its mirror image!

The adult female albigenas had virtually no interaction with the mirror. They

seemed to have little interest in it, but in addition the adult male actively drove them

away from the mirror. In fact, he frequently attacked one or more of the adult females

during these sessions, and they avoided approaching the mirror. The adult female

torquatus also showed little interest in the mirror, although they would occasionally

touch it, or look or reach behind it.

In contrast, the juveniles and infants of both species seemed extremely interested

in the mirror. The infants spent most of their time in front of the mirror touching or

licking it, but they would reach underneath it as well, as if to touch the 'other monkey'.

The juveniles spent a great deal of their time in front of the mirror reaching and
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looking behind it from all angles. The young albigena Beboo frequently rattled the

cage mesh supporting the mirror, perhaps as an attempt to initiate play, or perhaps

aggressively. The juvenile torquatus Karlo variously presented, yawned, or

lipsmacked to his mirror image, or jumped up and down in front of the mirror in a way

he used with other juveniles as an invitation to play. No self-directed behaviours were

ever observed.

After several sessions interest in the mirror began to wane, although there was still

some response to the mirror even in session 13. Once mirrors were permanently

installed in the home cages of each group interaction with the mirror dwindled almost

to nothing. In the control session subjects touched, sniffed, and licked the back of the

mirror, and occasionally looked or reached behind it; no individuals directed social

behaviours towards it. The juvenile male torquatus that had access to the small, hand¬

held piece ofmirror repeatedly brought the fragment near his face and suddenly pulled

his head back. He showed intense interest in the image for the entire half hour he had

the fragment.

learning period

independence of observations, individual analyses:

Prior to carrying out a series of chi-square tests, Minitab was used to perform a

two-tailed runs test of randomness on each subject's data to ensure that trials were

independent. The outcome was non-significant for all subjects except Boss (adult

male torquatus); for the majority of subjects successes and failures were randomly

distributed over time, whereas Boss had fewer runs than expected. Since in Boss's

case successes were not randomly distributed, the results of subsequent chi-square

tests might not be valid.
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effect of practice on success, individual and group analyses:

To test whether any of the subjects became more successful at finding the peanut

with practice, the learning period was divided into four quarters and Minitab was used

to calculate a chi-square test for each subject comparing the frequency of successes

and failures in each quarter. One-tailed tests were used because it was assumed that

the subjects would improve with practice. Table 3.3 lists the percentage of successful

mirror trials in each quarter of the learning period for each subject, as well as the

outcomes of the chi-square tests. Six out of thirteen subjects (five torquatus and one

albigena) had significant results, with their percentage success increasing steadily

across the four quarters. When combined with the results of Experiment 1, the only

subjects not to show any improvement in success with practice were Boss (a

torquatus), Saki, Beboo, and Sylvain (all albigenas).

Table 3.3 Percentage of Successful Mirror Trials for Each Quarter of the Learning Period

subject first second third fourth X2

Boss 37 61 39 53 4.8

Karlo 41 42 58 75 9.9**

Bandit 59 58 70 84 6.7*

Nancy 44 73 51 87 16.7***

Sarah 28 48 70 81 21.7***

Zunie 44 64 73 66 6.3*

Sygma 37 45 39 44 0.5

Saki 41 30 33 37 0.9

Beboo 41 42 48 56 1.9

Georgette 19 18 27 41 5.5

Sylvain 66 79 79 69 2.3

Marcy 62 67 61 78 2.7

Patti 31 58 45 66 8.6*

mean 42 53 53 64

Notes. N=32 for first and fourth quarter, N=33 for second and third quarter, for all subjects. All chi-squares
have df=3, N=130.
*E<05 **E<.01 ***£<.001
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From the mean percentage values in Table 3.3 it is clear that there was

considerable overall improvement in success over the course of the learning period.

To confirm this, a Friedman two-way analysis of variance was calculated by hand

comparing each subject's percentage success in each quarter of the learning period.

The result was significant at p<001 (X2=16.9, df=3, N=13).

effect of column position on success, individual analyses:

Experiment 1 demonstrated that for some subjects the probability of success

depended in part on which column of the bait-board the peanut was placed in, but that

this was apparently due to individual search preferences rather than to the design of

the bait-board. In this experiment the addition of projecting screws made the bait-

board more difficult to search, so once again a chi-square test was carried out for each

subject comparing the frequency of successes and failures for each column of the bait-

board, to test whether the new design made some columns harder to reach than others.

Table 3 .4 lists the percentage of successful mirror trials for each subject according

to column, as well as the results of the chi-square analyses. All 13 subjects showed

variable success between columns, but this was significant for only 8 individuals.

Given the design of the bait-board (with projecting pegs to hamper the subjects' search

attempts), one might assume that the central column (column three) would be the most

difficult, because subjects would have to 'navigate' past the most pegs. In fact, as in

Experiment 1, the preferred column varied between subjects. Karlo, Sarah, Georgette,

and Sylvain were most successful with column three and least successful with the

outer columns, whereas Saki and Beboo were least successful with column three and

most successful with the outer columns. Sygma was most successful with column five

and least successful with column two, but Marcy was most successful with column

two and least successful with column four. For each column of the bait-board, there

was at least one subject who was most or least successful with that column.
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Table 3.4 Percentage of Successful Mirror Trials for Each Column of the Bait-Board

subject column 1 column 2 column 3 column 4 column 5 X2

Boss 58 (26) 31 (26) 62 (26) 50 (26) 39 (26) 7.0

Karlo 39 (26) 39 (26) 92 (26) 69 (26) 31 (26) 28.5***

Bandit 77 (26) 63 (27) 73 (26) 72 (25) 54 (26) 4.1

Nancy 58 (26) 65 (26) 82 (27) 48 (25) 65 (26) 6.8

Sarah 50 (26) 52 (27) 84 (25) 65 (26) 35 (26) 14.3**

Zunie 50 (26) 54 (26) 69 (26) 65 (26) 69 (26) 3.6

Sygma 46 (26) 18 (28) 42 (24) 42 (26) 62 (26) 11.0*

Saki 85 (26) 11 (27) 4 (25) 12 (26) 65 (26) 62.0***

Beboo 77 (26) 42 (26) 0 (26) 81 (26) 11 (26) 46.1***

Georgette 0 (26) 26 (27) 72 (25) 35 (26) 0 (26) 46.6***

Sylvain 62 (26) 81 (26) 89 (26) 89 (26) 46 (26) jg 4***

Marcy 77 (26) 92 (26) 54 (26) 50 (26) 62 (26) 14.5**

Patti 65 (26) 35 (26) 35 (26) 62 (26) 54 (26) 8.9

mean 57 47 58 57 46

Notes. The total number of trials for each subject in which a peanut was located in a particular column is given
in parentheses. All chi-squares have df=4, N=130.
*g<05 **p<01 ***g<.001

Given that no one column was clearly more difficult than any other for the

majority of subjects, the variations in success according to column were likely due to

differences in individual search style, rather than to the design of the apparatus itself.

This is supported by the fact that some subjects were equally successful with all five

columns. Nevertheless, the mean percentage success values show that the subjects

taken as a group were noticeably less successful with columns two and five. The

subject Bandit went from having a highly significant column preference in Experiment

1 to having no column effect, which suggests that the monkeys' search style might

change over time. Sarah, Sygma, and Georgette showed no significant column effect

in Experiment 1 but had highly significant column preferences in this experiment.

Karlo, Sylvain, and Beboo had the same preferences as before, whereas Marcy's

favoured column changed.
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effect of row position on success, individual analyses:

To test whether the row placement of the peanut had an effect on success,

Minitab was used to carry out a chi-square test for each subject comparing the

frequency of successes and failures for each row of the bait-board. Table 3.5 lists each

subject's percentage of successful mirror trials for each row of the bait-board, as well

as the results of the chi-square analyses. All subjects had variable success between

rows, but this was significant for only six individuals (versus three in Experiment 1).

Bandit, Sarah, and Sygma were all most successful with the upper three rows, whereas

Nancy, Marcy, and Patti were most successful with rows two to five. Sarah and

Nancy had the same row preferences as they did in Experiment 1, whereas Karlo went

from having a significant preference for the upper three rows (in Experiment 1) to

having no significant row effect.

Table 3.5 Percentage of Successful Mirror Trials for Each Row of the Bait-Board

subject row 1 row 2 row 3 row 4 row 5 row 6 X2

Boss 35 (26) 64 (22) 48 (23) 61 (18) 50 (26) 27 (15) 8.0

Karlo 61 (26) 62 (21) 33 (21) 58 (19) 44 (25) 67 (18) 7.0

Bandit 77 (30) 84 (19) 83 (23) 45 (20) 68 (19) 42 (19) 16.2**

Nancy 37 (27) 62 (21) 74 (23) 81 (21) 76 (21) 59 (17) 13.7*

Sarah 64 (25) 81 (21) 70 (23) 54 (22) 50 (18) 19 (21) Yg 5***

Zunie 62 (24) 50 (22) 67 (24) 65 (23) 84 (19) 39 (18) 9.7

Sygma 48 (31) 52 (21) 57 (21) 50 (18) 30 (20) 5 (19) 15.6**

Saki 37 (30) 56 (18) 37 (19) 45 (20) 24 (25) 17 (18) 8.2

Beboo 41 (27) 65 (20) 48 (25) 55 (20) 48 (23) 20 (15) 7.9

Georgette 21 (29) 16 (19) 29 (21) 15 (20) 27 (22) 53 (19) 9.8

Sylvain 68 (22) 83 (23) 85 (27) 71 (17) 77 (22) 47 (19) 10.0

Marcy 54 (24) 83 (23) 83 (23) 78 (18) 62 (21) 43 (21) 13.6*

Patti 26 (23) 50 (22) 75 (24) 60 (20) 48 (21) 40 (20) 12.9*

mean 48 62 61 57 53 37

Notes. The total number of trials for each subject in which a peanut was located in a particular row is given in
parentheses. All chi-squares have df=5, N=130.
*E<05 **p<01 ***E<.001
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Once again, these preferences may well have been the result of individual search

styles rather than the design of the bait-board, with one exception: Sygma had an

unusually low success for row six. Sygma was a large adult male albigena, and it is

possible that the metal strips that passed across the bottom of the search holes

impeded his access to the lowest row (see Figure 3.1). It should be noted, however,

that the mean percentage success for rows one and six was much lower than for the

middle rows, so there was clearly a group level effect. A Friedman two-way analysis

of variance on the percentage values in Table 3.5 was significant (X2=21.77, df=5,

2<001), and post-hoc analyses indicated that rows two and three differed significantly

from row six. This could be due to several subjects sharing similar search styles by

chance, or it may have been imposed on the subjects by the design of the bait-board.

In the case of row six, the metal strips that pass across the bottom of the search holes

may have impeded all of the subjects somewhat.

factors affecting success, logit analysis:

Given the problems inherent in calculating multiple independent statistical tests, a

logit analysis was carried out on all subjects data combined to provide a complement

to the individual chi-square analyses presented above (see p. 83 for a more detailed

discussion of the logit analysis). Different models were fitted using combinations of

two explanatory factors: subject (S) and column position (C). Species was not

included in the analysis because it was subsumed by the factor subject: once the

subject factor was included in a model, the species factor added no new information,

and so was redundant. Table 3.6 gives the deviance and degrees of freedom

associated with each of the tested models; the smaller the deviance, the greater the

goodness of fit of the model. To determine whether a more complex model with a

smaller deviance was significantly better than a simpler model, a chi-square statistic

was calculated from the difference in the deviances (X2), and compared to a chi-square

distribution with degrees of freedom equal to the difference in degrees of freedom of

the two models under investigation (one-tailed test). A non-significant result indicated
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that the more complex model did not provide a marked improvement over the simpler

model.

The null model represented the grand mean of the observations, and gave a

baseline against which to compare the single factor models. The subject (X2=126.7,

df=12, p<001) and column position (X2=18.67, df=4, p<001) models were both

significantly better at representing the data than the null model, indicating a significant

effect of each factor when taken in isolation. Subject plus column position (S+C) was

significantly better at representing the data than subject alone (X2=19.62, df=4,

P<001) or column position alone (X2=127.65, df=12, p<001), therefore this model

was chosen as the best representation of the data. (It was not possible to test the

model which included the subject/column interaction (S+C+S.C) because it

represented the complete model, containing all of the information present in the data

set. Such a model is of no use because it does not provide a simpler way of

interpreting the data, and in this situation the GLIM program refuses to produce an

output.)

Table 3.6 Results of Logit Analysis for Various Fitted Models

fitted model deviance degrees offreedom
null 427.56 64

S 300.86 52

C 408.89 60

S + C 281.24 48

Note. S=subject (13 levels), C=column position (5 levels). Chosen
model in bold type.

Table 3.7 lists the parameter estimates and standard errors produced by GLIM for

the model subject plus column position. As a rule of thumb, if the estimate divided by

the standard error is plus or minus two or more for a given parameter (factor level),

that parameter is significantly different from the aliased parameter, i.e. the first level of

each factor, which is set to zero (see p. 86). As one can see from the table, the
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subjects fell into three different groups: the most successful individuals were Bandit,

Nancy, Zunie, Sylvain and Marcy (estimate/s.e. of greater than 2); the least successful

individuals were Saki and Georgette (estimate/s.e. of less than -2); and in between

were Boss, Karlo, Sarah, Sygma, Beboo and Patti (estimate/s.e. between -2 and 2).

Columns two and five were significantly more difficult than column one (estimate/s.e.

of less than -2), whereas success for columns three and four did not differ significantly

from that of column one.

Table 3.7 Parameter Estimates and Standard Errors for Selected Model

parameter identity estimate standard error estimate/s. e.

S(2) Bandit 0.85 0.26 3.27

S(3) Karlo 0.25 0.25 1.00

S(4) Nancy 0.67 0.25 2.62

S(5) Sarah 0.38 0.25 1.51

S(6) Zunie 0.57 0.25 2.25

S(7) Sygma -0.25 0.25 -1.01

S(8) Saki -0.53 0.25 -2.11

S(9) Georgette -0.97 0.26 -3.71

S(10) Beboo -0.11 0.25 -0.45

S(ll) Sylvain 1.06 0.26 4.08

S(12) Marcy 0.72 0.25 2.87

S(13) Patti 0.09 0.24 0.38

C(2) column 2 -0.48 0.16 -3.08

C(3) column 3 -0.01 0.16 -0.04

C(4) column 4 -0.01 0.16 -0.05

C(5) column 5 -0.42 0.16 -2.66

Notes. S=subject, C=column. The first level of each factor is aliased to zero.

An alternate method of comparing levels of a factor - one that is more appropriate

when multiple comparisons are being made simultaneously - is to recast the data

matrix to reduce the number of levels in a factor (collapsing those levels that do not

appear to differ significantly), rerun the logit analysis, and then compare the deviance
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of the new model to the old model in the standard way. If the simplified model with

fewer factor levels is not significantly different from the old model, it can be taken as a

better (i.e. more economical) representation of the data. To test whether subjects

could be divided into three significantly different groups according to their success, the

subject column of the data matrix was recast into three levels (versus thirteen) and a

logit analysis was run fitting the modified subject factor. The deviance of the new

model was 316.55 with 65 degrees of freedom. A chi-square test on the difference in

the deviance between the original subject model (13 levels) and the reduced model (3

levels) was non-significant (X2=15.69, df=10). The model with subjects reduced to

three levels was no worse than the original model, so it provided an accurate and more

economical representation of the data. Similarly, the data matrix was recast to reduce

column position to two levels (columns two and five versus the others) and another

logit analysis was carried out fitting the new column factor. The deviance of the new

model was 409.09 with 63 degrees of freedom. Once again the chi-square test was

non-significant (X2=0.20, df=3), indicating that the simpler model was a good fit to

the data. Subjects had significantly less success with columns two and five relative to

the other three columns (as can be seen from the mean percentage values in Table 3 .4).

effect of practice on time to find peanut, individual analyses:

To test whether the time taken to find the peanut decreased over the course of the

learning period, SPSS for Windows was used to calculate two non-parametric Kendall

tau rank correlations for each subject comparing time to find the peanut to trial

number. For the first set of correlations, trials in which the peanut was knocked out of

the bait-board and fell to the floor were treated as failures and assigned a time of 60

seconds. The use of an arbitrary large value for failed trials did not distort the results

since the Kendall correlation uses the ranks of the scores. For the second set of

correlations, trials in which the peanut was knocked to the floor were assigned the

time after which the peanut fell. For all correlations trials in which the subject failed to

find the peanut were assigned a time of 60 seconds. One-tailed tests were used
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because the direction of the correlation was predicted in advance (it was assumed that

the time taken would decrease with practice).

Table 3 .8 lists the outcome of both correlations for each of the subjects. When

falls were assigned a value of 60 seconds, 9 of the 13 subjects had a significant

negative correlation between time to find the peanut and trial number, which means

that most subjects improved their search efficiency over the course of the learning

period. Two of the four subjects who did not show any improvement (Sygma and

Marcy, both albigenas) had previously demonstrated a significant decrease in time

taken to find the peanut over the course of Experiment 1. The adult male torquatus,

Boss, however, showed no improvement in either Experiment 1 or the learning period;

despite considerable experience with the task, this subject never seemed to get any

faster (or more successful). Saki (an albigena), was the fourth subject that showed no

improvement, but this is perhaps not surprising since this was his first experience with

the apparatus (he did not participate in Experiment 1).

Table 3.8 Kendall Rank Correlations Between Time to Find Peanut and Trial Number

subject
trials in which peanutfell
assigned value of60s

trials in which peanutfell
assigned time tillfall

Boss -.04 .03

Karlo -.13* -.14*

Bandit -.28***

Nancy -.30*** .26***

Sarah -.32*** -.30***

Zunie -.16** -.24***

Sygma -.02 .00

Saki -.00 -.03

Beboo -.16** -.11*

Georgette -.14* -.09

Sylvain -.13* -.16**

Marcy -.08 -.10*

Patti _ 19*** -.12*

Note. N=130 for all subjects.
*p<.05 **p<.01 ***p<001



Results: learningperiod - time 133

When trials in which the peanut fell were assigned the time till fall and the

correlations were redone, the results were the same for all but two subjects:

Georgette (adult female albigena) went from a significant (p= 016) to a non¬

significant negative correlation, and Marcy (adult female albigena) went from a non¬

significant to a significant (p= 041) negative correlation. Regardless of whether falls

were assigned a value of 60 seconds or the time after which the peanut fell, all of those

subjects that demonstrated a significant improvement in success over the course of the

learning period also reduced the time required to find the peanut.

effect of practice on time to find peanut, group analysis:
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Figure 3.2 Mean time taken to find the hidden peanut over the course of the learning period.
Mirror trials are grouped into blocks of 10. There was a significant overall decrease in time
taken to find the peanut.
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Figure 3 .2 gives an idea of the overall trend in time to find the peanut for all 13

subjects taken together. Trials were grouped into blocks of 10 and the median time to

find the peanut for each block was calculated for each subject. Median times were

used so that failed trails could be assigned a value of 60 seconds and included in the

analysis. The mean time for all 13 subjects was then calculated for each block and

plotted. For the subjects as a group there was a clear decrease in time taken to find the

peanut over the course of the learning period. A one-tailed Kendall tau rank

correlation between mean time and block number was highly significant (x=-.79,

g=.000).

effect of column position on time to find peanut, individual analyses:

To test whether the time to find the peanut varied according to its column

position, Minitab was used to carry out a non-parametric Kruskal-Wallis one-way

analysis of variance for each subject, comparing the times taken to find the peanut for

each column of the bait-board. Failed trials were assigned a value of 60 seconds and

included in the analysis. Table 3.9 lists each subject's median time to find the peanut

for each column of the bait-board as well as the outcomes of the Kruskal-Wallis tests:

8 out of 13 subjects demonstrated a significant effect of column position on time to

find the peanut. As in Experiment 1, the preferred columns varied between subjects.

For all subjects the results of the Kruskal-Wallis test paralleled those of the chi-square

test: subjects were fastest with those columns with which they were most successful,

or they showed no effect of column position on either success or time to find the

peanut.

effect of column position on time to find the peanut, group analysis:

The previous analyses showed that differences existed between subjects with

regards to the effect of column position on time to find the peanut. To determine

whether there was an overall effect of column position amidst the individual variation,

a Friedman two-way analysis of variance was calculated by hand comparing the
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median times to find the peanut for each column of the bait-board (Table 3 .9). Median

rather than mean times were used so that failed trials could be assigned an arbitrary

value of 60 seconds and included in the analysis. The outcome was highly significant (

X2=26.46, df=4, p<001). Subjects took longest to find the peanut when it was

located in column two or five, which ties in with the result of the logit analysis on the

success data, which indicated that subjects were least successful with columns two and

five.

Table 3.9 Median Time (sec) to Find Peanut for Each Column of the Bait-Board

subject column 1 column 2 column 3 column 4 column 5 H 1

Boss 47.0 (26) 60.0 (26) 30.0 (26) 59.5 (26) 60.0 (26) 5.9

Karlo 60.0 (26) 60.0 (26) 18.5 (26) 36.5 (26) 60.0 (26) 37 5***

Bandit 23.5 (26) 37.0 (27) 17.0 (26) 29.0 (25) 50.0 (26) 6.5

Nancy 35.0 (26) 32.5 (26) 9.0 (27) 60.0 (25) 31.5 (26) 12.9*

Sarah 54.5 (26) 58.0 (27) 18.0 (25) 33.0 (26) 60.0 (26) 16.5**

Zunie 58.0 (26) 48.0 (26) 31.0 (26) 35.5 (26) 30.0 (26) 5.8

Sygma 60.0 (26) 60.0 (28) 60.0 (24) 60.0 (26) 12.5 (26) 19.1***

Saki 8.5 (26) 60.0 (27) 60.0 (25) 60.0 (26) 49.0 (26) 69.0***

Beboo 26.0 (26) 60.0 (26) 60.0 (26) 22.5 (26) 60.0 (26) 37 q***

Georgette 60.0 (26) 60.0 (27) 18.0 (25) 60.0 (26) 60.0 (26) 49.6***

Sylvain 53.0 (26) 18.0 (26) 21.0 (26) 9.0 (26) 60.0 (26) 12.8*

Marcy 30.5 (26) 22.0 (26) 38.0 (26) 57.5 (26) 43.5 (26) 5.9

Patti 27.5 (26) 60.0 (26) 60.0 (26) 42.5 (26) 52.5 (26) 6.5

mean 41.8 48.9 33.9 43.5 48.4

Notes. The total number of trials for each subject in which a peanut was located in a particular column is given
in parentheses. All H values adjusted for ties with df=4, N=130 (Kruskal-Wallis one-way ANOVA).
*£<05 **£<01 ***£<.001

effect of row position on time to find the peanut, individual analyses:

To test whether time to find the peanut varied according to its row position,

Minitab was used to carry out a Kruskal-Wallis test for each subject comparing the

times taken to find the peanut for each column of the bait-board. Failed trials were

assigned a value of 60 seconds and included in the analysis. Table 3.10 lists each
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subject's median time to find the peanut for each row of the bait-board, as well as the

outcomes of the Kruskal-Wallis tests. Only four subjects had a significant effect of

row position on time to find the peanut: Sarah, Sygma, Sylvain, and Marcy. In each

case, the subjects were fastest with those rows with which they were most successful.

The mean time for row six was greater than for all of the other rows, which suggests

that as a group the subjects found this row more difficult; the same result was observed

with the success data.

Table 3.10 Median Time (sec) to Find Peanut for Each Row ofthe Bait-Board

subject row 1 row 2 row 3 row 4 row 5 row 6 H

Boss 60.0 (26) 37.5 (22) 60.0 (23) 38.0 (18) 55.5 (26) 60.0 (15) 9.0

Karlo 40.0 (26) 38.0 (21) 60.0 (21) 57.0 (19) 60.0 (25) 44.5 (18) 4.6

Bandit 25.0 (30) 16.0 (19) 19.0 (23) 60.0 (20) 36.0 (19) 60.0 (19) 11.0

Nancy 60.0 (27) 39.0 (21) 24.0 (23) 25.0 (21) 20.0 (21) 56.0 (17) 10.1

Sarah 45.0 (25) 27.0 (21) 28.0 (23) 40.0 (22) 50.0 (18) 60.0 (21) 18.5**

Zunie 30.0 (24) 50.5 (22) 39.0 (24) 44.0 (23) 35.0 (19) 60.0 (18) 5.0

Sygma 60.0 (31) 51.0 (21) 36.0 (21) 55.0 (18) 60.0 (20) 60.0 (19) 14.8*

Saki 60.0 (30) 42.5 (18) 60.0 (19) 60.0 (20) 60.0 (25) 60.0 (18) 8.4

Beboo 60.0 (27) 30.5 (20) 60.0 (25) 28.0 (20) 60.0 (23) 60.0 (15) 8.5

Georgette 60.0 (29) 60.0 (19) 60.0 (21) 60.0 (20) 60.0 (22) 44.0 (19) 10.6

Sylvain 28.5 (22) 11.0 (23) 17.0 (27) 12.0 (17) 21.0 (22) 60.0 (19) 16.1**

Marcy 51.5 (24) 19.0 (23) 16.0 (23) 29.0 (18) 44.0 (21) 60.0 (21) 18.6**

Patti 60.0 (23) 54.0 (22) 27.5 (24) 40.5 (20) 60.0 (21) 60.0 (20) 11.0

mean 49.2 36.6 39.0 42.2 47.8 57.3

Notes. The total number of trials for each subject in which a peanut was located in a particular row is given in
parentheses. All H values adjusted for ties with df=5, N=130 (Kruskal-Wallis one-way ANOVA).
*g<05 **£<.01 ***£<.001

effect of row position on time to find peanut, group analysis:

To test whether the overall row position effects indicated above were significant, a

Friedman two-way analysis of variance was calculated by hand comparing the subjects'

median times to find the peanut for each row of the bait-board (Table 3.10). Note that

the sample size varied between cells, because subjects received a different number of
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trials for ditferent row positions, therefore the precision of the median value varied

between cells. The outcome was highly significant (X2=16.57, df=5, p< 01); row six

was the most difficult and rows two, three, and four were the easiest, as reflected by

the mean times in Table 3.10.

effect of practice on attempts to find peanut, individual analyses:

To test whether any subjects reduced the number of search attempts they needed

to find the peanut over the course of the learning period, SPSS for Windows was used

to carry out a Kendall tau rank correlation for each subject, comparing the number of

search attempts per trial to trial number. One-tailed tests were used since it was

assumed that subjects would improve with practice. Although the number of attempts

could be scored for every trial and the data were for the most part normally distributed,

it was not possible to use a parametric regression analysis because neither the

dependent nor the independent variables were continuous.

Table 3.11 Kendall Rank Correlations Between Number ofAttempts to Find Peanut and
Trial Number

subject correlation

Boss .11

Karlo _21***

Bandit _ 23***

Nancy _i^***

Sarah -.13*

Zunie .35***

Sygma _ 17**

Saki -.27***

Beboo . 19***

Georgette .18***

Sylvain -.08

Marcy -.08

Patti .01

Note. N=130 for all subjects.
*p<.05 **p<01 ***p<001
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Table 3.11 lists the correlations for each subject. Nine subjects had significant

negative correlations, indicating that the number of search attempts per trial decreased

with practice. Of the four subjects that showed no improvement in the number of

attempts to find the peanut, Boss also failed to show improvement in success or time,

whereas Sylvain, Marcy, and Patti all improved either their time or their success, or

both.

effect ofpractice on attempts to find peanut, group analysis:
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Figure 3.3 Mean number of attempts to find the hidden peanut over the course of the learning
period. Mirror trials are grouped into blocks of 10. There was a significant overall decrease in
the number of search attempts per trial.

Figure 3.3 gives an idea of the overall trend in the number of attempts per trial to

find the peanut over the course of the learning period. Trials were grouped into
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blocks of 10 and each subject's mean number of attempts per trial was calculated for

each block. The mean number of attempts for all 13 subjects was then calculated for

each block and plotted. The subjects as a group showed a significant decrease in the

number of attempts per trial over time (one-tailed Kendall tau rank correlation, t=-.87,

p=.000).

controlled experiment

independence of observations, individual analyses:

Prior to carrying out a series of chi-square tests on the success data, Minitab was

used to calculate a separate runs test for randomness for both the mirror and no-mirror

trials of each subject, to ensure that trial outcomes were independent. The results

were non-significant for all subjects except Karlo (juvenile male torquatus), who had a

significant (p=,0219) result for his mirror trials. Examination of the data showed that

Karlo failed on only five out of thirty trials, and these failures all occurred within the

first fifteen trials. This result means that the chi-square tests performed for this subject

might not be valid.

effect of practice on success, individual analyses:

To test whether any of the subjects became more successful at finding the peanut

over the course of the experiment, two Fisher exact probability tests were calculated

by hand for each subject, one comparing the frequency of successes and failures for the

first 15 versus the last 15 mirror trials, the other comparing successes versus failures

for the first eight versus the last seven no-mirror trials. One-tailed tests were used

because it was assumed that the subjects would improve with practice. Table 3.12 lists

the percentage of successful mirror and no-mirror trials for each subject for the first

and second halves of the experiment, as well as the outcomes of the Fisher exact tests.

Only two subjects showed a significant (p< 05) increase in success: Karlo in the mirror
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condition and Boss in the no-mirror condition. All of the other subjects were equally

successful over the course of the experiment. The lack of improvement in the mirror

condition is not surprising, given the small number of trials relative to the amount of

practice subjects had already received in the learning period. The failure of most

subjects to show improvement in the no-mirror condition may simply reflect the low

power of the test due to the small sample sizes.

Table 3.12 Percentage of Successful Mirror and No-Mirror Trials
for Each Half of the Experiment

subject

mirror trials

first second

no-mirror trials

first second

Boss 53 40 50 100*

Karlo 67 100* 38 57

Bandit 73 80 50 43

Nancy 87 87 63 71

Sarah 67 87 25 29

Zunie 93 67 50 71

Sygma 53 67 50 57

Saki 47 47 50 57

Beboo 60 53 38 57

Georgette 60 50 60 80

Sylvain 80 100 50 71

Marcy 80 80 50 71

Patti 80 60 50 43

mean 69 71 48 62

Notes. For mirror trials N=15 in both halves for all subjects except Georgette, for
whom N=10 in each half. For no-mirror trials N(flrst)=8 and N(second)=7 for all
subjects except Gg, for whom N=5 for each half.
*g< 05 (Fisher exact test)

effect of practice on success, group analysis:

The mean percentage values in Table 3.12 suggest that there was no overall

improvement in success across mirror trials, but that there was a significant

improvement in the no-mirror condition. This was confirmed by calculating by hand a
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one-tailed Wilcoxon matched-pairs signed-ranks test for each condition comparing

each subject's percentage success in the first versus the second half of the experiment.

The result for the mirror condition was non-significant (T=15, N for test=10), whereas

the outcome for the no-mirror condition was significant (T=7, N for test=T3, p< 005).

As indicated above, it is not surprising that the subjects did not improve in the mirror

condition, given the considerable improvement they had already demonstrated during

the learning period. The fact that the subjects as a group showed significant

improvement in the no-mirror condition suggests that the absence of results at the

individual level was due to the low power of the test. It is clear from the mean

percentages in Table 3.12 that the subjects initially performed much worse on no-

mirror trials relative to mirror trials, but that by the second half of the experiment

success did not differ between the two conditions. This is not surprising, given the

relative unfamiliarity of the no-mirror trials at the start of the experiment.

effect ofmirror on success, individual analyses:

Given the small sample sizes (30 mirror trials, 15 no-mirror trials), it was not

possible to carry out chi-square tests to determine whether there were any column or

row effects on success. It is reasonable to assume, however, that the subjects would

have the same preferences as they demonstrated in the learning period. To test

whether the presence or absence of the mirror influenced success, two-tailed chi-

square tests were calculated by hand for each subject (using the formula from Siegel,

1956, p. 107) comparing the frequency of successes and failures in the mirror and no-

mirror conditions. Two-tailed tests were used because the possibility existed that the

mirror might have a negative, rather than a positive, effect (as observed by Anderson,

1986).

Table 3.13 lists the percentage of successful mirror and no-mirror trials for each

subject, as well as the outcome of the chi-square tests. Three subjects (Karlo, Sarah,

and Sylvain) were significantly more successful in the mirror condition than the no-

mirror condition. In addition, the result for Bandit would have been significant at
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£<05 if the test were one-tailed rather than two-tailed. When calculated on Minitab

the chi-square for Bandit was significant at £<.05 for a two-tailed test.

Table 3.13 Percentage of Successful Trials for Each Image Condition

subject mirror no-mirror X2

Boss 47 73 1.90

Karlo 83 47 4.88*

Bandit 77 47 2.81

Nancy 87 67 1.41

Sarah 77 27 8.44**

Zunie 80 60 1.15

Sygma 60 53 0.01

Saki 47 53 0.01

Beboo 57 47 0.10

Georgette 55 70 0.06

Sylvain 90 60 3.91*

Marcy 80 60 1.15

Patti 70 47 1.43

mean 70 55

Notes. N(mirror)=30, N(no-mirror)=15 for all subjects. All chi-squares
have df=l, N=45.
*E<05 **E< 001

effect ofmirror on success, group analysis:

Although many of the individual analyses were not significant, nevertheless the

majority of subjects were more successful when the mirror was present. To test

whether the mirror had an effect at the group level, a two-tailed Wilcoxon matched-

pairs signed-ranks test was calculated by hand comparing the percentage of successful

trials in the mirror and no-mirror conditions (Table 3 .13). Ten out of thirteen subjects

were more successful when the mirror was present, a significant result (T=14, N=13,

£<05). Clearly the subjects as a group were using the mirror in some way to direct

their search for the hidden peanut.
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factors affecting success, logit analysis:

To complement the chi-square analyses presented above a logit analysis was

carried out using three explanatory factors: subject (S), column position (C), and

experimental condition (E). When the analysis was run initially and the parameter

estimates and standard errors for the selected model were listed, the values for subject

two (Boss) were all unusually large. This occurred because Boss had maximum

success in both experimental conditions for column one. As explained in the GLIM

System Release 3.77 Manual (1986), when a two-way table of counts contains an

entire row of zero or n values, models using a binomial error (such as a logit analysis)
will produce an infinite parameter estimate for that row. In practice the algorithm

gives larger and larger negative values until the maximum number of cycles set by the

program is reached. The data for subject two were therefore given a prior weight of

zero, as recommended in the manual, and the analysis was carried out again Table

3.14 lists the deviance and degrees of freedom associated with the various tested

models (a period indicates the interaction between two factors).

The null model represents the grand mean of the observations, and gives a

baseline against which to compare the single factor models. The subject (X2=22.76,
df=ll, p<01), column position (X2=19.74, df=4, p<001) and experimental condition

(X2=19.76, df=l, p<001) models were all significantly better at representing the data

than the null model, indicating a significant main effect of each factor when taken in

isolation. Both the subject plus column position (X2=20.66, df=4, p< 001) and subject

plus experimental condition (X2=20.96, df=l, p<.001) models were significantly better
at representing the data than subject alone; in fact, all of the two factor models were

significantly better than any of the single factor models.

In this way a series of successive chi-square tests was carried out, comparing each

model in the table with the next most complex model. The three factor model

(S+C+E) was better than all of the two factor models, (S+C+S.C) and (C+E+C.E)

were better than (S+C) and (C+E) respectively, whereas (S+E+S.E) was not

significantly different from (S+E). The final result of these comparisons was that the
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model (S+C+E+S.C+C.E) had a significantly smaller deviance than an of the less

complex models, but it did not differ significantly from the more complex model that

included the subject by experimental condition interaction (X2=16.46, df=ll). Thus

the logit analysis indicated that there was a significant main of effect of subject,

column position, and experimental condition on the probability of success, as well as

subject/column and column/experimental condition interactions, but that there was no

subject/experimental condition interaction.

Table 3.14 Results ofLogit Analysis for Various Fitted Models

fitted model deviance degrees offreedom

null 265.52 119

S 242.76 108

C 245.78 115

E 245.76 118

S + C 222.10 104

S + E 222.07 107

C + E 225.20 114

s + c + s.c 138.55 60

S + E + S.E 206.51 96

C + E + C.E 215.75 110

S + C + E 200.49 103

S + C + E + S.C 113.04 59

S + C + E + S.E 184.26 92

S + C + E + C.E 190.48 99

S + C + E + S.C + S.E 96.37 48

S + C + E + S.C + C.E 101.04 55

S + C + E + S.E + C.E 174.48 88

S + C + E + S.C+ S.E + C.E 84.58 44

Note: S=subject (12 levels), C=column position (5 levels), E=experimental condition (2 levels). A period
indicates an interaction between 2 factors. Subject 2 (Boss) was weighted out of the analysis. Chosen model in
bold type.

The parameter estimates and standard errors for the main effects of model

(S+C+E+S.C+C.E) are given in Table 3.15. None of the subjects had estimate/s.e.
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values of plus or minus two or more, so it was not possible to group subjects

according to their success. Although the model indicated a significant main effect of

subject, it would appear that the size of the effect was small. The same was true for

the column position estimate/s.e. values; however, in this case it is not surprising that

the effect size should be small, since the number of trials per column per subject was

small. The estimate/s.e. value for experimental condition was less than minus two,

which indicated that success in the no-mirror condition was significantly less than in

the mirror condition, as was observed previously.

Table 3.15 Parameter Estimates and Standard Errors for Main Effects of Selected Model

parameter identity estimate standard error estimate/s.e.

S(3) Karlo -0.61 1.12 -0.54

S(4) Nancy -1.26xl0"9 1.18 -1.07xl0~9

S(5) Sarah -1.13 1.09 -1.04

S(6) Zunie 0.88 1.37 0.64

S(7) Sygma -3.91xl0"9 1.18 -3.31xl0~9

S(8) Saki -9.03xl0"15 1.18 -7.65xl0'15

S(9) Georgette -2.13 1.23 -1.73

S(10) Beboo -0.61 1.12 -0.54

S(ll) Sylvain -3.91xl0"9 1.18 -3.31xlO-9

S(12) Marcy -1.26xl0"9 1.18 -1.07xl0"9

S(13) Patti 0.88 1.37 0.64

C(2) column 2 1.04 1.44 0.72

C(3) column 3 -0.82 1.17 -0.70

C(4) column 4 -1.52 1.11 -1.37

C(5) column 5 -1.48 1.11 -1.33

E(2) no-mirror -1.33 0.49 -2.71

Notes. S=subject, C=column, E=experimental condition. The first level of each factor is aliased to zero.
Subject two (Boss) was weighted out of the analysis.

In addition to the parameters listed in Table 3.15, the GLIM output for the model

(S+C+E+S.C+C.E) listed parameter estimates and standard errors for 48 interactions,

such as S(2).C(3) or C(5).E(2). There were only 48 because certain interactions were



Results: controlled experiment - success 146

aliased to zero and therefore not listed in the output (i.e. all interactions involving

S(l), S(2), C(l), or E(l)). The majority of these interactions were non-significant, so

in the interests of economy and clarity of presentation they were not listed in Table

3.15. In fact, only four of the interactions had estimate/s.e. values of two or more,

indicating a significant effect. Saki and Patti were less successful with column two

versus column one, whereas Georgette was more successful with columns three and

four than she was with column one. These correspond to the column preferences

demonstrated by these subjects in the learning period (Table 3.4).

None of the estimate/s.e values for the column/condition interaction were greater

than two, but the estimate for column three was negative, which indicates that subjects

performed worse with column three than they did with column one in the no-mirror

condition. This contrasts to their performance in the mirror condition, in which

subjects had the highest success with column three. It would appear that the subjects

adopted a different search style when they did not have a mirror image to guide them.

Finally, the fact that the subject/experimental condition interaction was not significant

confirms the results of previous analyses - the majority of subjects were more

successful in the mirror condition (Table 3.13).

comparison of success between Experiments 1 and 2:

Another way of assessing whether the subjects had started to benefit from the

mirror image was to compare directly the results of this experiment to those of

Experiment 1, for both the mirror and no-mirror trials. Two chi-square tests were

calculated by hand for each subject comparing frequency of successes and failures in

Experiment 1 (trials converted to 60 seconds) versus Experiment 2, one each for the

mirror and no-mirror conditions. Two-tailed tests were used because although one

might expect the subjects' success rate to have improved as a result of all the practice,

the modifications to the bait-board might have made the probability of success less

likely. Table 3.16 lists each subject's percentage of successful mirror and no-mirror

trials for Experiments 1 and 2, as well as the outcomes of the chi-square tests. Note
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that Saki and Sylvette were not included in these analyses since neither of them

participated in both experiments.

Table 3.16 Percentage of Successful Mirror and No-Mirror Trials for Experiments 1 and 2

mirror trials no-mirror trials

subject Exper. 1 Exper. 2 X2 Exper. 1 Exper. 2 X2

Boss 41 47 0.1 42 73 2.17

Karlo 54 83 6.2* 74 47 0.01

Bandit 48 77 5.6* 42 47 1.57

Nancy 58 87 6.6** 47 67 0.60

Sarah 35 77 12.4*** 10 27 0.71

Zunie 74 80 0.1 68 60 0.02

Sygma 44 60 1.5 42 53 0.09

Beboo 24 57 8.2*** 21 47 1.48

Georgette 15 55 HI*** 16 70 6.29*

Sylvain 59 90 7.8** 58 60 0.05

Marcy 61 80 2.7 68 60 0.02

Patti 30 70 j j 7*** 37 47 0.05

mean 45 72 44 55

Notes: N(mirror, Exper.l)=66, N(mirror, Exper.2)=30, N(no-mirror, Exper.l)=19, N(no-mirror, Exper.2)=15.

Eight out of twelve subjects had a highly significant result for the mirror condition

(being more successful in Experiment 2), whereas only one subject had a significant

result for the no-mirror condition. If the increase in success between experiments was

due solely to the subjects' extensive practice with the bait-board, one would expect the

subjects to improve regardless ofwhether or not the mirror was present (as Georgette

did). Since most subjects only became more successful on mirror trials, it suggests

that the improvement was not merely the result of an increase in baseline search

efficiency, but that some or most of the subjects had begun to use the mirror image to

improve their chances of finding the peanut. It is possible that only three subjects

demonstrated a significant effect of the mirror on success in Experiment 2 because the

power of the test was too low (due to small sample sizes) to detect a small but real

effect.
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An alternate explanation of the results in Table 3 .16 is that all of the subjects did

improve in both the mirror and no-mirror conditions, but the small sample sizes for the

no-mirror condition meant the test was not powerful enough to detect the effect.

However, the group mean percentages indicate a much greater improvement between

experiments in the mirror condition, favouring the first explanation. This was

confirmed by calculating a two-tailed Wilcoxon matched-pairs signed-ranks test for

both the mirror and no-mirror conditions: the results were significant for the mirror

condition (T=0, N=12, p<001), but the change in the no-mirror condition was non¬

significant (T=17, N=12).

effect of practice on time to find peanut, individual analyses:

To test whether time to find the peanut improved over the course of the

experiment, SPSS for Windows was used to calculate Kendall tau rank correlations

for each subject, comparing time to find the peanut to trial number for each condition

separately. (Mirror and no-mirror trials were each numbered consecutively starting at

one, rather than using the overall trial number.) For the first set of correlations, trials

in which the peanut was knocked out of the bait-board and fell to the floor were

treated as failures and assigned a time of 60 seconds. For the second set of

correlations, trials in which the peanut was knocked to the floor were assigned the

time after which the peanut fell. (For all correlations trials in which the subject failed

to find the peanut were assigned a time of 60 seconds.) One-tailed tests were used

because the direction of the correlation was predicted in advance (it was assumed that

time to find the peanut would decrease with practice).

Table 3.17 lists the outcomes of the four correlations for each subject. Only one

subject, Karlo, had a significant (p=.000) negative correlation for the mirror condition,

when falls were assigned a value of 60 seconds. When falls were assigned the time till

the fall, Karlo's negative correlation was just short of being significant (p=.052). For

the no-mirror condition, Boss had a significant negative correlation regardless of

whether falls were assigned a value of 60 seconds (p=.011) or the time till the fall
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(£=.021). Beboo also had a significant (£=.026) negative correlation for the no-mirror

condition, but only when falls were assigned the time till the fall. It is not surprising

that so few subjects showed improvement in the time to find the peanut over the

course of the experiment: most subjects had already demonstrated considerable

improvement during the learning period. What is odd is that Boss should demonstrate

such a marked decrease in time to find the peanut for no-mirror trials only.

Table 3.17 Kendall Rank Correlations Between Time to Find Peanut and Trial Number
for Each Image Condition

trials in which peanutfell
assigned value of60s

trials in which peanutfell
assigned time tillfall

subject mirror no-mirror mirror no-mirror

Boss .05 -.45** .03 -.40*

Karlo -.45*** -.21 -.21 -.20

Bandit .01 -.09 -.03 -.22

Nancy -.03 .17 -.03 .17

Sarah -.12 -.15 -.18 -.16

Zunie .11 .00 .03 .19

Sygma -.08 -.25 -.02 -.16

Saki .02 -.13 -.02 -.13

Beboo -.03 -.28 -.01 -.39*

Georgette .25 .07 .22 .07

Sylvain -.16 -.18 -.13 -.12

Marcy -.12 -.06 -.11 .12

Patti .13 .09 .15 -.05

Note. N(mir)=30, N(no-mir)=15 for all subjects except Georgette, for whom N(mir)=20, N(no-mir)=10.
*p<.05 **p<.01 ***p<.001

effect of practice on time to find peanut, group analysis:

Figure 3 .4 gives an idea of the overall trends in time to find the peanut for all 13

subjects taken together. Mirror and no-mirror trials were grouped into blocks of 5

trials, then the median time to find the peanut for each block was calculated for each

subject. Median times were used so that failed trails could be assigned a value of 60
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seconds and included in the analysis. The mean time for all 13 subjects was then

calculated for each block and plotted. There was some decrease in time taken to find

the peanut in both conditions, but the Kendall tau rank correlations were non¬

significant for both the mirror (x=-,20, p=.360) and no-mirror (x=-.33, p=.625) trials.

Figure 3.4 Mean time taken to find the hidden peanut in the mirror and no-mirror conditions.
Mirror and no-mirror trials are grouped into blocks of 5, but during testing no-mirror trials
were randomly interspersed among mirror trials. There was a non-significant improvement in
time taken to find the peanut in the no-mirror condition.

effect ofmirror on time to find peanut, individual analyses:

Given the small sample sizes in this experiment, the effect of column or row

position on time to find the peanut was not tested; however, it is likely that the

subjects had the same preferences they demonstrated in the learning period. To test

whether any subjects found the peanut faster when a mirror image was present,
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Minitab was used to carry out a Mann-Whitney test for each subject comparing times

to find the peanut in the mirror versus the no-mirror condition. A two-tailed test was

used in each case because the possibility existed that the mirror image would have a

negative rather than positive effect on the subjects' performance. A Mann-Whitney

rather than a t-test was used so that failed trials could be included in the analysis by

assigning them an arbitrary value of 60 seconds.

Table 3.18 lists each subject's median time to find the peanut for the mirror and

no-mirror conditions, as well as the outcome of the Mann-Whitney test. As one can

see, only three subjects were significantly faster when the mirror was present: Bandit,

Sarah, and Sylvain. These subjects also showed evidence of being more successful

when the mirror was present. If one-tailed tests were used instead of two-tailed,

subjects Karlo and Patti were also significantly (p< 05) faster in the mirror condition.

Table 3.18 Median Time (sec) to Find Peanut for Each Image Condition

subject mirror no-mirror W

Boss 60.0 48.0 737.5

Karlo 31.5 60.0 619.5

Bandit 16.5 60.0 598.0*

Nancy 20.0 43.0 640.0

Sarah 22.0 60.0 587.5**

Zunie 17.5 23.0 638.0

Sygma 37.0 48.0 660.0

Saki 60.0 47.0 673.5

Beboo 19.5 60.0 642.0

Georgette 51.5 38.0 317.5

Sylvain 11.0 40.0 600.0*

Marcy 15.0 27.0 654.5

Patti 27.0 60.0 614.5

mean 29.9 47.2

Notes. N(mirror)=30, N(no-mirror)=15 for all subjects except Georgette,
for whom N(mir)=20, N(no-mir)=l(). All W values adjusted for ties
(Mann-Whitney test).
*P< 05 **p<01
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effect ofmirror on time to find peanut, group analysis:

To test whether there was an overall effect of the mirror on time to find the

peanut a two-tailed Wilcoxon matched pairs signed-ranks test was calculated by hand

comparing the median times to find the peanut in the mirror and no-mirror conditions

(Table 3.18). Failed trials were assigned a value of 60 seconds and included in the

analysis. Ten out of thirteen subjects were faster in the mirror condition, a significant

result (T=15, N=13, p<025). The presence of a mirror image clearly had a beneficial

effect on time to find the peanut at the group level, even though this effect was

significant for only three subjects at the individual level. This is the same pattern that

was seen for the success data: a clear effect of condition at the group level, but only a

few individuals showing significant results.

effect of practice on attempts to find peanut, individual analyses:

To test whether over the course of the experiment any subjects reduced the

number of attempts they needed to find the peanut, SPSS for Windows was used to

calculate two Kendall tau rank correlations for each subject, comparing the number of

attempts per trial in each image condition (mirror and no-mirror) to trial number (see

Table 3.19). Trials for each condition were numbered consecutively starting at one,

rather than using the overall trial number. One-tailed tests were used because the

direction of the correlation was predicted in advance (it was assumed that number of

attempts would decrease with practice).

The correlations were non-significant in all cases but one: Sarah, an adult female

torquatus, had a significant (p=015) negative correlation between number of attempts

per trial and trial number for the no-mirror condition. It is not surprising that so few

subjects had significant correlations: the sample size for the no-mirror condition was

small, so the power of the test was low; and most subjects had already showed

significant improvement on mirror trials during the learning period.
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Table 3.19 Kendall Rank Correlations Between Number of Attempts to Find Peanut and
Trial Number for Each Image Condition

subject mirror no-mirror

Boss -.00 -.21

Karlo -.02 -.15

Bandit -.09 -.30

Nancy .05 .18

Sarah .04 -.42*

Zunie .04 .09

Sygma -.18 -.10

Saki -.10 .03

Beboo -.05 -.21

Georgette .27 -20

Sylvain .12 .04

Marcy -.05 .15

Patti .07 -.28

Notes. N(mirror)=30, N(no-mirror)= 15 for all subjects
except Georgette, for whom N(mir)=20, N(no-mir)=10.
*p<,05

effect of practice on attempts to find peanut, group analysis:

Figure 3.5 gives an idea of the overall trends in number of attempts per trial to

find the peanut according to condition. Trials were grouped into blocks of 5 for the

mirror and no-mirror conditions, then each subject's mean number of attempts per trial

was calculated for each block. The mean number of attempts for all 13 subjects was

then calculated for each block and plotted. A Kendall tau rank correlation comparing

mean number of attempts to block number was non-significant for both the mirror

(t=-.15, p=.360) and no-mirror (x=-1.00, p= 375) conditions. Although there was no

significant change in either condition over the course of the experiment, the graph

does suggest that the number of attempts to find the peanut differed significantly

between conditions.
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Figure 3.5 Mean number of attempts to find the hidden peanut in the mirror and no-mirror
conditions. Mirror and no-mirror trials are grouped into blocks of 5, but during testing no-
mirror trials were randomly interspersed among mirror trials. There was no significant overall
improvement in either condition over the course of the experiment.

effect ofmirror on attempts to find peanut, individual analyses:

To test whether the presence of a mirror had an effect on the number of search

attempts, Minitab was used to calculate a two-tailed t-test for each subject comparing

the number of attempts per trial in the mirror versus the no-mirror conditions. A

parametric test could be used in this instance because number of attempts could be

scored even on failed trials, and the data were normally distributed for most subjects.

Table 3.20 lists each subject's mean number of attempts per trial in each condition, as

well as the results of the t-tests, under the heading successful+failed trials. Six

subjects made significantly fewer search attempts when the mirror was present versus

when it was covered. Of these six, Zunie (juvenile female torquatus) was the only one
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who did not also have a significant result with the time and/or success data. Since the

effect for Zunie was only just significant with p= 050 (whereas the other five subjects

had g=.028 or less), it might have been a false positive, an artifact of repeated

independent tests.

Table 3.20 Mean Number of Attempts to Find Peanut for Each Image Condition

successful+failed trials successful trials only

subject mirror no-mirror t df mirror no-mirror t df
Boss 1.8 2.0 -0.73 22 1.4 1.8 -1.14 16

Karlo 1.2 2.7 -3.73** 15 1.2 1.9 -1.76 6

Bandit 3.1 6.3 -2.84** 20 2.3 3.4 -1.24 7

Nancy 2.0 2.8 -1.71 20 1.7 2.1 -0.92 11

Sarah 2.0 3.4 -2.83* 17 1.8 1.7 0.04 3

Zunie 2.2 3.7 -2.09* 19 1.8 2.6 -1.22 9

Sygma 1.9 2.2 -0.90 26 1.4 1.9 -1.11 10

Saki 4.4 5.0 -0.79 27 2.4 3.3 -1.19 12

Beboo 3.9 5.5 -1.60 23 2.0 3.4 -1.54 6

Georgette 4.8 3.9 1.22 18 4.1 3.1 1.25 15

Sylvain 2.3 3.8 -2.38* 19 2.2 3.2 -1.46 10

Marcy 2.1 2.6 -1.43 21 1.8 2.0 -0.58 10

Patti 2.4 3.9 -2.34* 26 1.8 3.1 -2.23 8

mean 2.6 3.7 2.0 2.6

Notes. For successful+failed trials N(mirror)=30, N(no-mirror)=15 for all subjects except Gg, for whom
N(mir)=20, N(no-mir)=10. For successful trials only N(mir) ranges from 11 to 27, N(no-mir) from 7 to 11.
*P<05 **E<.01

As discussed in the previous chapter, a significant difference between conditions

in the number of attempts taken to find the peanut might simply reflect the greater

proportion of failed trials in the no-mirror condition; failed trials last longer, so the

subjects can make more search attempts. Ideally, only trials of the same length

(matched according to peanut location) should be compared, but the sample sizes were

not large enough to make this practical. Instead, failed trials were eliminated from the

analysis and a two-tailed t-test was carried out for each subject comparing number of
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search attempts in each condition for successful trials only. The results are listed in the

second half of Table 3.20 under the heading successful trials only, along with each

subject's mean number of attempts for the mirror and no-mirror conditions. However,

since trials were selectively dropped from this analysis, the results should be

considered with caution.

When successful trials only were considered, the number of search attempts did

not differ significantly between conditions for any of the subjects. Only Patti came

close to a significant result (p=.056). It is possible that the reduction in sample size

meant that the tests were not sufficiently powerful to detect an effect, in which case a

group level analysis is likely to be much more informative than the individual analyses.

Alternatively, the failure to obtain a significant difference between conditions once the

biasing effect of failed trials was removed might reflect the vagueness of number of

search attempts as a measure of performance (see p. 106).

effect ofmirror on attempts to find peanut, group analysis:

To test whether there was an overall effect of the mirror on the number of search

attempts, the mean number of attempts per subject for each condition was compared

using a two-tailed Wilcoxon matched-pairs signed-ranks test (Table 3.20). The

outcome was highly significant when successful and failed trials were analysed

together (T=6, N=13, p<005), and for successful trials only (T=10, N=13, p< 01). In

both cases the presence of a mirror image reduced the number of attempts required to

find the peanut for the group as a whole.

unbaited control trials:

The final session for each subject contained not only mirror trials and no-mirror

control trials, but four unbaited control trials, two with the mirror present and two

with it covered. Anderson (1986) compared the results of his subjects on such control

trials to show that they rarely searched on unbaited trials if the mirror was present to

show them that there was no bait, whereas they did search on unbaited trials if the
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mirror was covered. This gave further proof that his subjects were using the mirror

image of the target to direct their search. In this experiment subjects searched on all

four unbaited trials, regardless of whether the mirror was covered or not. However,

the sample size is too small to draw any firm conclusions.

DISCUSSION

The group analyses demonstrated that the subjects as a whole were significantly

more successful, faster, and required fewer attempts to find the peanut when a mirror

was present than when it was covered. There was also a significant overall effect of

column position: subjects were least successful and slowest with columns two and

five. It seems likely that the subjects were using the mirror in some way to direct their

search for the peanut. An alternative explanation, that the subjects' superior

performance in the mirror condition was the result ofmirror-induced social facilitation,

seems unlikely for two reasons. First, the mirror image did not have a beneficial effect

on the subjects' performance in Experiment 1, whereas the mirror did have a significant

positive effect on performance in Experiment 2. One might expect the social

facilitation effects of the mirror to remain steady or decrease across experiments, but

one would not expect them to increase. Second, if the subjects' superior performance

in the mirror condition was due to more vigorous searching, it is possible that the

number of search attempts would be greater than in the no-mirror condition, rather

than less, as was observed.

The purpose of this study was to find suitable subjects to carry over into video

image experiments; however, there was insufficient time to test all thirteen subjects

from Experiment 2 in the video image protocol, so a subset of subjects had to be

selected that showed clear evidence of using a mirror image when tested at an

individual level. Table 3.21 summarizes the results of each subject on some of the



Discussion 158

analyses carried out above. Karlo, Sarah, and Sylvain were significantly more

successful on mirror trials than no-mirror trials, whereas Bandit's result was very

nearly significant. Bandit, Sarah, and Sylvain were all significantly faster on mirror

trials, and Karlo and Patti also came very close to significance. Karlo, Bandit, Sarah,

Zunie, Sylvain, and Patti all made significantly fewer attempts to find the peanut in the

mirror condition. Comparing success between this experiment and the previous one,

Karlo, Bandit, Nancy, Sarah, Beboo, Sylvain, and Patti were all more successful in the

mirror condition of this experiment, whereas their success in the no-mirror condition

did not improve.

Table 3.21 Significant Effects of Different Factors on Success. Time, and Attempts to
Find Peanut

practice

success

column mirror E1-E2 practice

time

column mirror

attempts

practice mirror

Bs o o o o o/o o 0 o o

K1 + + + + +/+ + + + +

Bd + 0 + + +/+ 0 + + +

Nc + o o + +/+ + o + o

Sr + + + + +/+ + + + +

Zn + o 0 o +/+ 0 o + +

Sg o + 0 0 o/o + 0 + o

Sk o + o 0 o/o + o + 0

Bb o + 0 + +/+ + o + 0

Gg 0 + o + +/o + o + o

Sv 0 + + + +/+ + + o +

Mc 0 + o o o/+ o o 0 o

Pt + 0 o + +/+ o + 0 +

Notes: A o indicates a non-significant result, + a significant effect. E1-E2 compares success in the mirror
conditions of Experiments 1 and 2. The two results in the time(practice) column are for trials in which a fallen
peanut was scored as 60s or time of fall, respectively.

On the basis of these results three torquatus (Karlo, Bandit, and Sarah), and two

albigenas (Sylvain and Patti) were chosen to participate in the next experiment, since
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they each demonstrated a significant beneficial effect of the mirror on all four measures

of performance (three in Patti's case). However, it turned out that management

problems with Patti's group meant that she could not be used as a subject in any

further experiments. Somewhat arbitrarily it was decided that Nancy (a torquatus)

would also participate in the video experiments. Although her results were not

significant, they approached significance for both the success and the attempts data,

and Nancy had also given me the strong impression that she was using the mirror

image to direct her search. In addition, Nancy was compatible with Karlo, Bandit, and

Sarah, whereas the presence of either of the two remaining torquatus subjects (Boss

and Zunie) would have caused friction.

Note that the subjects' experience of the mirror during a test session was very

different from their experience of the mirror in the familiarization context. The

majority of subjects were given an opportunity to learn about the mirror's reflective

properties within the context of their home cage; however, to benefit from this

learning during testing the subjects must have been able to recognize the mirror in a

completely different setting. In other words, it is possible that the subjects did not

learn about the properties of one specific mirror in one specific context; instead, they

may have gained a general understanding of reflective surfaces. However, this would

seem to fly in the face of experiments which demonstrated that two rhesus macaques

which had very extensive mirror experience showed a sudden marked increase in social

responding to the mirror after it was removed briefly (Gallup and Suarez, 1991) or its

location was changed (Suarez and Gallup, 1986). These macaque subjects gave no

indication of transferring their familiarization with the mirror between contexts.

Unfortunately it is not possible to say with certainty whether the subjects in this

experiment transferred learning gained in the familiarization phase to the experimental

context. Given that the familiarization phase was followed by an extensive learning

period, it is possible that the subjects did not transfer learning from one context to

another, but that they started from scratch in the experimental context. In this respect

it is interesting that the subjects Sylvain and Patti, who received no mirror experience
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prior to Experiment 2, were nevertheless able to use the mirror image to direct their

search for the peanut. As discussed in the previous chapter, the subjects could have

learned about mirror contingencies during the test situation; if this was the case for

Sylvain, it would be interesting to see whether his ability to use mirrors was less

flexible compared to the other subjects.

Monkeys are clearly able to use a mirror image to direct their search for a hidden

target. However, given that transfer trials using novel locations were not used in this

experiment, it is not possible to say conclusively whether the subjects were just using

the mirror image as a cue to search previously baited targets (mirror-mediated spatial

discrimination, Menzel et al., 1985), or whether their performance depended on more

complex cognitive processes. Even if one assumes the latter, mirror experiments such

as this one do not have the necessary controls to determine just how the monkeys are

using the image; whether they are continuously monitoring the image of their hand

(image-guided behaviour), or merely responding to the image of the target (visuo-

motor adaptation or understanding ofmirror correspondence). The spatial relationship

between a peanut and its mirror image is constant from trial to trial, so that an

understanding of mirror correspondence is all that is needed to solve the task. Even

subjects capable of image-guided behaviour might use visuo-motor adaptation under

these conditions.

Experiments using televised video images provide more sophisticated controls,

because the spatial relationship between an object and its image can be altered from

trial to trial by changing the orientation of the video image (e.g. turning it upside-

down). Under these conditions an individual capable only of mirror-mediated spatial

discrimination would have great difficulty, because the real-world target locations

associated with particular image locations would no longer be correct. Similarly, a

subject whose performance depended on an understanding of mirror correspondence

(visuo-motor adaptation) would be at a disadvantage, given that the correspondence

between objects and their images would no longer be constant. A subject capable of

image-guided behaviour, however, would always be able to monitor the position of its
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hand relative to the target, regardless of the orientation of the image. In the next

experiment subjects were given simultaneous video images rather than mirror images

as a source of information about the hidden target.



4

Experiment 3: Can monkeys use a video image to find hidden food?

INTRODUCTION

Experiment 2 demonstrated that some subjects were capable of using a mirror

image to help them find hidden food. However, it was not possible to say whether this

was the result of visuo-motor adaptation or image-guided behaviour. An experimental

design using video images, however, offers the necessary controls to make this

distinction. Prior to starting the crucial experiment in which the orientation of the

video image changed from trial to trial, it was felt that the subjects should first

demonstrate their competence with a standard video image. The purpose of

Experiment 3 was to show that subjects were capable of using a standard televised

video image to improve their chances of finding hidden food.

One might expect the shift from a mirror to a video image to cause a decrease in

performance regardless ofwhich technique subjects used to find the peanut. If success

in Experiment 2 was due to visuo-motor adaptation or an understanding of mirror

correspondence (subjects use only the image of the target to direct their search), then

the subjects would not be expected to perform as well when faced with a video image,

because the relation between image and target would have changed. However, given

that it is possible to maintain several different adaptations simultaneously (Flook and

McGonigle, 1977), one would expect the subjects' performance to recover once they

had learned the new reaching movements appropriate to the video image. If, on the

other hand, success was due to image-guided behaviour (subjects use the moving

image of their hand to direct their search), the switch to a video image still might cause

a reduction in performance as subjects would be faced with an image that moved in an

unexpected fashion. However, it is equally possible that subjects capable of image-

guided behaviour would show no decrement in performance, since after making an
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initial reach in the wrong direction they might be able to use the video image to

recognize their mistake and immediately correct it. Therefore, if the monkeys show no

evidence of a decrement in performance as a result of the switch from a mirror to a

video image, it strongly suggests that they are capable of image-guided behaviour.

Five subjects from Experiment 2 (four torquatus and one albigena) that showed

evidence of using the mirror image to direct their search were chosen to participate in

this experiment. Before testing began the torquatus subjects were given access to

simultaneous televised video images of themselves, so that they had the opportunity to

become familiar with the properties of a standard video image (left-right reversed

compared to the familiar mirror image). The albigena subject was not given this

experience, to see whether a video-naive monkey would still be capable of

accomplishing the task. It was assumed that subjects might need some practice to

become proficient with the new, left-right reversed image, so the first session for each

subject contained nothing but standard video trials. In fact, all subjects were

immediately successful in the new condition, so this transfer phase was ended after

only one session. Since the video image was left-right reversed compared to the

familiar mirror image, the response on these first few trials was of particular interest:

would subjects respond successfully, despite the fact that the spatial relation between

target and image had changed, or would subjects reach to where the peanut would be

if the video image were actually a mirror image? The subjects were then tested in the

established way (a mixed series of standard video and no-image control trials) to see if

they could use a televised video image to improve their chances of finding hidden food.
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METHODS

subjects:

Five subjects from Experiment 2 who gave evidence of using the mirror image to

improve their chances of finding the hidden target were chosen as subjects for this

experiment. Their details are listed below in Table 4.1. The subject Sarah gave birth

to an infant five days before the experiment began, so was carrying the infant ventrally

during her test sessions. This did not appear to interfere with her performance.

Table 4.1 Name. Sex, and Age of Subjects at the Start of the Experiment

subject species group sex age (yr,mth)

Karlo torquatus Boss m 5,3
Bandit torquatus Boss m 2,8

Nancy torquatus Boss f 11,4

Sarah torquatus Boss f 10,10

Sylvaina albigena Peanuts m 5,3

aDid not receive direct experience with video images prior to start of testing.

apparatus:

The same bait-board was used in this experiment as in Experiment 2. A Sony

Trinitron television monitor with a 39cm screen was placed on a table directly opposite

the bait-board at a distance of 80cm (see Fig. 4.1). The top of the monitor was 5cm

lower than the center of the bait-board. A Panasonic NV-S7 SuperVHS camcorder

was placed on top of the monitor facing the bait-board, with the lens of the camcorder

directly opposite the center of the board at a distance of 80cm. The camcorder was

connected to the monitor and gave a simultaneous video image of the subjects as they

searched the bait-board; selected trials were recorded as well.
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Figure 4.1 Television monitor and video camera directly opposite bait-board.

Figure 4.2 Subjects could only see their arms and the bait-board on the monitor.
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The zoom was adjusted so that the video image included the bait-board and the

search holes. However, pieces of card were attached to the monitor screen to cover

the image of the search holes, so that only the image of the bait-board was visible to

the subjects. Subjects could see the image of their hands and arms when they reached

over the board, but could not see any other part of their body (see Fig. 4.2). Given

that video images are left-right reversed relative to mirrors, if the peanut was in the

upper left corner of bait-board (from the subject's point of view), its video image

would appear in the upper right corner of the monitor.

procedure:

video experience:

Prior to starting the experiment all four torqnatus subjects were given access to

simultaneous televised images of themselves. Since the albigena subject had not

previously received any mirror experience he was not given video experience, either.

Unlike the previous mirror experience sessions, in which subjects remained with other

group members, only the four subjects plus the infant offspring of the two females

were allowed access to the video monitor during video experience sessions. The other

group members were excluded to ensure that the subjects had maximal access to the

televised images.

In the first session the video monitor was placed in cage C (see Fig. 2.1) right up

against the mesh of home cage one, with the camcorder resting on top of it. A clear

plexiglass sheet was attached to the mesh in front of the monitor and camcorder to

prevent them from being damaged by the subjects. The subjects could see a

simultaneous video image of everything in front of the camcorder. The camcorder was

positioned at a height such that if a subject walked right up to the monitor, their head

disappeared out of the image. After twenty minutes the session had to be aborted

because the plexiglass sheet had become dirty, causing the image to go out of focus.
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On subsequent sessions the monitor was positioned in cage C at a distance of

about 50 cm from the cage mesh, with the camcorder resting on top of it, and the

plexiglass sheet was removed. Under these conditions a subject that came right up to

the mesh in front of the monitor remained entirely within the televised image. Subjects

received eight thirty minute sessions with this arrangement, as well as five fifteen

minute control sessions in which the monitor was not turned on.

transfer phase:

Once the subjects had received experience of live video images testing could

begin. When the torquatus were to be tested the four subjects were enclosed in home

cage two, with access to outdoor cage three (see Fig. 2.1). All other group members

remained in home cage one, with access as well to outdoor cage one. When Sylvain

(the albigena) was to be tested, the torquatus were shut in outdoor cage one and

Sylvain was alone in the building. For one of Sylvain's sessions there were several

torquatus in outdoor cage three, and an infant female albigena in home cage two.

Before starting the experiment all subjects were given a brief 'transfer phase' in

which they received only standard video trials. The basic procedure was the same as

in Experiment 2. When a subject entered the test cage the experimenter gave him a

peanut; similarly, at the end of a session (series of trials) the subject received a peanut

when he left the test cage. For a standard video trial the experimenter entered the

video cage and placed a single peanut in one of the compartments of the bait-board.

She turned on the camcorder and television monitor, opened the shutters, then

immediately sat on a chair in cage C and recorded the subject's search behaviour on a

checksheet. A trial ended when the shutters were closed by the experimenter, for one

of three reasons: 1) the subject failed to find the peanut within one minute (failure); 2)

the subject knocked the peanut out of the bait-board onto the floor (failure); 3) the

subject removed the peanut from the bait-board (success). If the subject did not

approach the apparatus within 15 seconds after the start of the trial, the shutters were

closed and the trial was restarted with the peanut in the same location. The intertrial
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interval was usually about 60 to 90 seconds, but was occasionally longer due to

uncontrollable delays (such as catching escaped monkeys or repairing damage to the

apparatus).

As before, the experimenter prepared checksheets prior to each subject's transfer

session, specifying the location of the peanut on each trial. The constraints on the

placement of the peanut were the same as in Experiment 2: on two consecutive trials

the peanuts could not be in the same row or column or within a one compartment

radius of each other; a compartment could be used only once in a session; and within a

session each column had to be baited equally often. Occasional errors of placement

meant that not all subjects received an identical number of trials per column.

Karlo, Sarah, and Sylvain each received one transfer session of twenty standard

video trials. Nancy and Bandit received two transfer sessions, the first containing

twenty trials and the second ten trials. This came about because on the first day of the

controlled experiment there was insufficient time to give Nancy and Bandit a complete

test session (containing both video trials and no-image control trials), so they were

each given ten video trials instead.

controlled experiment:

The experiment ran from Feb. 17 to 25, 1994; the procedure was the same as for

the transfer phase, except a test session contained no-image control trials as well as

standard video trials. Control trials were carried out in the same way as standard video

trials, except the experimenter did not turn on the television monitor prior to opening

the shutters, and the monitor screen was covered with a piece of paper to prevent

reflections. On the first day of the experiment the order in which the subjects were to

be tested was chosen at random, and was rotated by one every day after that. Karlo

and Sarah received six test sessions, Nancy and Bandit received five test sessions, and

Sylvain received three test sessions. (Due to management problems with his group

Sylvain could not be tested as often as the torqnatus subjects.) The first test session

for Karlo and Sarah contained 20 trials: 10 video trials and 10 no-image control trials.
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All other test sessions were 29 trials long: 15 standard video trials, 10 no-image

control trials, 2 video/no-bait control trials, and 2 no-image/no-bait control trials.

Before testing began on a given day, the experimenter prepared checksheets for

each subject's test session. First the order of video and control trials was randomly

determined, with the constraints that unbaited trials could not occur consecutively, a

session had to begin and end with a standard video trial, and no more than two no-

image control trials could occur consecutively. Once trial order was determined the

placement of the peanut on each trial was chosen in a quasi-random fashion. Peanut

positions were assigned for all of the no-image control trials and then all of the video

trials using random number tables, but subject to the same constraints as in the transfer

phase; however, in this case each column had to be baited equally often for each trial

type. Table 4 .2 summarizes the number of trials of each type each subject received.

Table 4.2 Total Number ofTrials of Each Type Received by Each Subject

subject
transfer

standard video no-image
control

experimental
video/no-bait

control
no-image/no-bait

control

Karlo 20 90 60 10 10

Bandit 30 75 50 10 10

Nancy 30 75 50 10 10

Sarah 20 90 60 10 10

Sylvain 20 45 30 6 6
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RESULTS

video experience

Interest in the televised video image was high only for the very first session, in

which the monitor was placed directly against the cage mesh. Karlo (juvenile male)

spent the most time interacting with the image, looking both under, over, and to either

side of the monitor, as if to see the "other monkey" from various angles. (It was not

possible for subjects to reach under or around the monitor because of the protective

plexiglass sheet.) Karlo tried to touch the monitor seven times. In addition to these

investigative behaviours, Karlo also directed a variety of social behaviours towards his

video image (the only one of the four subjects to do so). He presented once, yawned

at the image twice, and jumped up and down in front of the monitor several times, in a

manner normally used to invite other group members to play. Karlo also engaged in a

variety of unusual behaviours directed towards the video image. Twice he stood

facing away from the monitor and looked at the image between his legs. On six

occasions he sat in front of the monitor and bobbed his head up and down rapidly

(behaviour also seen in front of the mirror). Twice he waved his hands up and down

while watching his image, and three times he flung his left foot repeatedly out to one

side while watching the image intently. These last behaviours are reminiscent of

experimentation with movement contingency, which precedes self-recognition by

several months in human infants (see p. 25). Of the other subjects, Bandit (juvenile

male) looked under the monitor twice and touched the plexiglass sheet in front of the

monitor five times, whereas neither Nancy nor Sarah (adult females) paid any attention

to the video image during this session. The only subject to interact with the video

image in the remaining eight sessions (monitor screen 50 cm from cage mesh) was

Karlo, and then only for the first three sessions and in a very limited way. For the final

five sessions none of the subjects paid any attention to the monitor. All subjects

ignored the monitor completely during the five control sessions (when there was no

image).
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transfer phase

independence of observations, individual analyses:

The success data were analysed with a series of chi-square tests, which require

that the observations be independent if the tests are to be valid. To confirm that this

was the case, Minitab was used to carry out a two-tailed runs test of randomness on

each subject's transfer trials. The outcome was non-significant for all subjects,

indicating that successes and failures were randomly distributed.

effect of change to video image on success, individual analyses:

To test whether the change from a mirror to a video image had any effect on

success, chi-square tests were calculated by hand for each subject (using Siegel's

formula for 2x2 contingency tables) comparing the frequency of successful versus

failed trials for the transfer phase video trials and the mirror trials of Experiment 2.

Two-tailed tests were used because although it seemed likely that the unfamiliar video

image would reduce the subjects' success, they might in theory find it easier to use than

the mirror image. Table 4.3 gives the percentage of successful trials of each image

type, as well as the results of the chi-square analyses. Although four out of five

subjects were less successful in the transfer phase, all five chi-square tests were non¬

significant. The change to a left-right reversed image did not have a significant

detrimental effect on success for any of the subjects.

Table 4.3 Percentage of Successful Trials for Each Image Type

subject mirror (Exper. 2) video (transfer) X2

Karlo 83 85 0.06

Bandit 77 63 0.71

Nancy 87 67 2.33

Sarah 77 70 0.04

Sylvain 90 75 1.68

mean 83 72

Notes: N(mir)=30 for all subjects; N(vid)=20 for Kl, Sr, Sv; N(vid)=30 for Nc, Bd.
All chi-squares have df=l, N=50 for Karlo, Sarah, Sylvain, N=60 for Nancy, Bandit.
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effect of change to video image on success, group analysis:

The first few trials with the video image were of particular interest: would the

subjects respond correctly from trial one, despite the new spatial relation between

target and image, or would they respond as though the old spatial rule was in effect,

thereby reducing their success? A two-tailed binomial test was used to see whether the

overall probability of success on the very first video image trial was different than one

would expect based on the percentage of successful trials observed with the mirror

image. The percentage of successful Experiment 2 mirror trials was calculated for

each of the five subjects used in this experiment (Table 4.3), and these values were

then averaged to give a value for the overall proportion of successful mirror trials,

P=83. The null hypothesis was that the switch to a video image had no effect on the

probability of success, so the expected proportion of successful video trials would be

the same as for the mirror trials (P=8). The alternative hypothesis was that subjects

would have a different proportion of successes with the video image trials. (It may

seem likely that subjects would be less successful with a left-right reversed video

image, but they could conceivably get better, as in fact the subject Karlo did.)

Two out of five subjects were unsuccessful on their very first video image trial.

The probability (two-tailed) of obtaining two or fewer unsuccessful trials when N=5

and P=.8 is p=.l 16, so the test was non-significant. The null hypothesis could not be

rejected, which meant that the switch from the mirror to the video image apparently

had no effect on the overall probability of success on the very first video image trial.

With a sample size of only five, however, the power of this test is limited; it achieves

significance only when x=0 or 1 (one- or two-tailed).

In order to provide a picture of how the subjects' success changed over the course

of the transfer phase video trials, Figure 4.3 plots the mean number of successes for

each block of five trials (only the first 20 trials for Bandit and Nancy were used).

Success on Experiment 2 mirror trials is also included for comparison One-tailed

Kendall tau rank correlations indicated that success improved significantly across trials

in the mirror condition (x=.69, p=.028), but not in the video condition (x=.55, p= 375).
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There was a clear drop in the mean number of successful trials in the early part of

the transfer phase, relative to the mirror condition, but by the last block success had

risen again. (Sample sizes were too small to formally test the difference in success

between the mirror and video blocks.) It would appear that the switch to a video

image did cause the subjects' performance to suffer at first, but that they recovered

very rapidly. The speed of recovery varied between subjects: Karlo was back to

maximum success after the first five transfer trials, whereas by the end of the transfer

phase neither Nancy nor Sylvain had regained the level of success they showed on the

mirror trials.

Figure 4.3 Mean number of successful Experiment 2 mirror trials and transfer phase video
trials. Trials are grouped into blocks of 5. There is an initial drop in success with the new

image, followed by a rapid recovery.
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effect of practice on time to find peanut, individual analyses:

In order to test whether any subjects became faster during the transfer phase SPSS

for Windows was used to calculate two Kendall tan rank correlations for each subject,

comparing time to find the peanut to trial number. For the first set of correlations,

trials in which the peanut was knocked out of the bait-board and fell to the floor were

treated as failures and assigned a time of 60 seconds. For the second set of

correlations, trials in which the peanut was knocked to the floor were assigned the time

after which the peanut fell. (For all correlations trials in which the subject failed to find

the peanut were assigned a time of 60 seconds.) One-tailed tests were used because

the direction of the correlation was predicted in advance (it was assumed that subjects

would become faster with practice).

Table 4.4 lists both correlations for each subject: they were non-significant for all

subjects except Bandit, who had a significant (p= 040) negative correlation when fallen

peanuts were assigned the time till the fall. It is not surprising that so few subjects had

significant correlations, since the small number of trials meant there was little

opportunity for improvement to occur.

Table 4.4 Kendall Rank Correlations Between Time to Find Peanut and Trial Number

subject
trials in which peanutfell
assigned value of60s

trials in which peanutfell
assigned time tillfall

Karlo -.15 -.11

Bandit -.22 -.23*

Nancy -.12 -.03

Sarah -.16 -.11

Sylvain .00 .06

Note. N=20 for Karlo, Sarah, and Sylvain; N=30 for Nancy and Bandit.
*E<05

effect of practice on time to find the peanut, group analysis:

Figure 4.4 gives an idea of the overall trend in time to find the peanut over the

course of the transfer phase for all five subjects taken together. The subjects' data

from the mirror trials ofExperiment 2 are included for comparison. Mirror and video
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trials were grouped into blocks of 5, then the median time to find the peanut for each

block was calculated for each subject. (Only the first 20 video trials were used for

subjects Nancy and Bandit.) Median times were used so that failed trails could be

assigned a value of 60 seconds and included in the analysis. The mean time for all five

subjects was then calculated for each block and plotted. One-tailed Kendall tau rank

correlations between mean time and block number indicated that there was a significant

decrease in time taken to find the peanut across mirror trials (x=-.73, p=.028), but not

across video trials (x=-.67, p=. 167). (Note, however, that the sample size for the

video test was only N=4, so the power of the test was quite low.) One might notice

that the mirror values in Fig. 4.4 do not correspond to those in Fig. 3.4 (p. 150) - this

is because Fig. 4.4 gives the mean time for five subjects, versus thirteen subjects in Fig.

3.4.
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Figure 4.4 Mean time taken to find the hidden peanut for Experiment 2 mirror trials and
transfer phase video trials. Trials are grouped into blocks of 5. There was a significant
improvement in time taken to find the peanut across mirror trials.
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As a group the subjects demonstrated a considerable decrease in the time required

to find the peanut over the course of the Experiment 2 mirror trials, followed by a

large increase in time taken to find the peanut when the subjects were first given a

video image (compare the last mirror block of Experiment 2 to the first block of video

trials). Although there was an overall decrease in time taken to find the peanut over

the course of the transfer phase, all five subjects were still slower in the in the last

video block than they were in the last mirror block, a significant effect (one-tailed sign

test, x=0, N=5, p=.031). However, this result should not be given too much weight,

especially since the difference between the last mirror block and the first video block

was non-significant (one-tailed sign test, x=l, N=5, p=. 188). With such a small sample

size the significance of the test is susceptible to very small changes in the observed

results.

effect of change to video image on time to find peanut, individual analyses:

To test whether time to find the peanut was affected by the switch to a video

image, Minitab was used to perform a two-tailed Mann-Whitney test for each subject

comparing their times on the mirror trials ofExperiment 2 to their times on the transfer

phase video trials. Failed trials were assigned a value of 60 seconds and included in the

analysis. Table 4.5 lists each subject's median time to find the peanut for the mirror

and video trials, as well as the results of the Mann-Whitney tests.

Table 4.5 Median Time (sec) to Find Peanut for Each Image Type

subject mirror (Exper. 2) video (transfer) W

Karlo 31.5 18.0 804.0

Bandit 16.5 30.0 791.5

Nancy 20.0 35.0 818.5

Sarah 22.0 25.0 717.5

Sylvain 11.0 22.5 659.5*

mean 20.2 26.1

Notes: N(mir)-30 for all subjects; N(vid)=20 for Karlo, Sarah, Svlvain; N(vid)=30 for Nancy,
Bandit. All W values adjusted for ties (Mann-Whitney test).
*E<.05
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Four subjects were slower with the video image: this was significant for only one

subject, Sylvain (£=.0369), but Bandit had a nearly significant result (£=.0651). The

switch to a video image seems to have had a detrimental effect on the performance of

some subjects (who are less adaptable, perhaps?), but others (such as Karlo and Sarah)

appear not to have been affected. Indeed, Karlo was actually considerably faster with

the video image.

effect of change to video image on time to find peanut, group analysis:

The mean times in Table 4.5 indicate that as a group the subjects were slower to

find the peanut on video trials that they were with mirror trials; however, it would

appear from Fig. 4.4 that by the end of the transfer phase there was no significant

difference between time to find the peanut on video versus mirror trials. To test

whether the switch to a video image had an overall negative effect on the subjects'

time to find the peanut a one-tailed sign test was calculated by hand comparing each

subject's median time on Experiment 2 mirror trials to their median time for the video

trials (Table 4.5). (The small sample size meant it was not possible to use the more

powerful Wilcoxon matched-pairs signed-ranks test in this instance.) Four out of five

subjects were slower with the video image, a non-significant result (N=5, x=l,

£=0.188). However, the small sample size meant the power of this test was very low;

one cannot say with certainty that the switch to a video image did not have any overall

effect.

effect of practice on attempts to find peanut, individual analyses:

In order to test whether any subjects reduced the number of attempts per trial over

the course of the transfer phase, SPSS for Windows was used to calculate a Kendall

tau rank correlation for each subject, comparing number of search attempts per trial to

trial number. One-tailed tests were used because the direction of the correlation was

predicted in advance (it was assumed that with practice subjects would make fewer

search attempts).
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Table 4.6 Kendall Rank Correlations Between Number ofAttempts to Find Peanut and
Trial Number

subject correlation

Karlo .01

Bandit -.23*

Nancy -.17

Sarah .07

Sylvain -.17

Note. N=20 for Karlo, Sarah, Sylvain; N=30 for Nancy, Bandit.
*g<05

Table 4.6 lists each subject's correlation: they were non-significant for all subjects

except Bandit, who had a significant (p=048) negative correlation. Bandit was also

the only subject to show significant improvement in time to find the peanut. It is not

surprising that so few subjects had significant correlations, since the small number of

trials meant there was little opportunity for improvement to occur.

effect of practice on attempts to find peanut, group analysis:

Figure 4.5 gives an idea of the overall trend in the number of attempts to find the

peanut over the course of the transfer phase for all five subjects taken together. The

subjects' data from the mirror trials ofExperiment 2 are included for comparison. (The

mirror data plot in Fig. 4.5 does not correspond directly to Fig. 3.5 because fewer

subjects contributed.) Mirror and video trials were grouped into blocks of 5, then the

mean number of search attempts for each block was calculated for each subject. (Only

the first 20 video trials were used for subjects Nancy and Bandit.) The mean number

of attempts for all five subjects was then calculated for each block and plotted. A one-

tailed Kendall tau rank correlation was calculated by hand for each condition

comparing mean number of attempts per block to block number: the correlation was

non-significant for the mirror trials (x--.13, p=.360), but significant for the video trials

(t=-1.00, p=.042).
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Figure 4.5 Mean number of search attempts per trial for Experiment 2 mirror trials and
transfer phase video trials. Trials are grouped into blocks of 5. There was a significant
reduction in the number of attempts per trial over the course of the video trials.

As a group the subjects showed no change in the number of attempts to find the

peanut over the course of the Experiment 2 mirror trials, followed by an initial large

increase in the number of search attempts when the subjects were given a video image.

All five subjects made more attempts in the first video block than the last mirror block,

a significant result (one-tailed sign test, x=0, N=5, p= 031). However, there was a

rapid overall decrease in the number of attempts per trial over the course of the

transfer phase, such that the difference in number of attempts between the last block of

mirror trials and the last block of video trials was not significant. A similar pattern of

results was observed with the time data.
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effect of change to video image on attempts to find peanut:

To determine whether the search attempts of any individuals were affected by the

switch to a video image, Minitab was used to carry out a two-tailed t-test for each

subject comparing the number of attempts per trial on Experiment 2 mirror trials

versus transfer phase video trials. Table 4.7 lists each subject's mean number of search

attempts according to image type, as well as the results of the t-tests: the outcome was

non-significant for all subjects. However, all five subjects made more search attempts

with the video image than they did with the mirror image, a significant group level

effect (one-tailed sign test, N=5, x=0, p=.031). Thus, the switch to a video image had

a significant negative effect on number of attempts when tested at the group level, but

was not significant for any of the individuals tested. This is in contrast to the pattern

of results observed for the time data, and may mean that the switch to a video image

had a small but widespread effect on number of search attempts, as compared to a

comparatively large effect on time to find the peanut experienced by only a few

individuals.

Table 4.7 Mean Number ofAttempts to Find Peanut for Each Image Type

subject mirror (Exper. 2) video (transfer) t df
Karlo 1.2 1.7 1.37 20

Bandit 3.1 3.6 0.62 57

Nancy 2.0 2.3 -0.99 56

Sarah 2.0 2.3 -0.55 23

Sylvain 2.3 2.6 -0.77 33

mean 2.1 2.5

Notes: N(mirror)=30 for all subjects; N(video)=20 for Karlo, Sarah, and Sylvain; N(video)=30
for Nancy and Bandit.
*2<05
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controlled experiment

independence of observations, individual analyses:

Prior to carrying out a series of chi-square tests on the success data a two-tailed

runs test for randomness was calculated for both the video and no-image trials of each

subject to ensure that trial outcomes were independent. The results were non¬

significant for all subjects in both conditions. Successes and failures were randomly

distributed, thus there were no effects that might invalidate the chi-square analyses.

effect of practice on success, individual analyses:

To test whether any of the subjects became more successful at finding the peanut

over the course of the experiment, the video and no-image trials were each divided into

thirds and Minitab was used to calculate two chi-square tests (one for each condition)

for each subject comparing the frequency of successes and failures in each third. One-

tailed tests were used because it was assumed that the subjects would improve with

practice. Table 4.8 lists each subject's percentage of successful video trials for each

third, as well as the outcomes of the chi-square tests, whereas Table 4.9 does the same

for the no-image control trials. (Four out of five subjects in the video condition and

one subject in the no-image condition had chi-squares in which over 20% of cells had

expected frequencies of less than five, but Minitab did not indicate that the chi-squares

were invalid.) Only one subject, Sarah (adult female torquatus), demonstrated a

significant (p< 05) improvement in success over the course of the video trials, whereas

no subjects showed improvement in the no-image control condition. In fact, Sylvain

had a (non-significant) negative trend, but this was probably an artifact of small sample

size (only 10 trials per third).

effect of practice on success, group analysis:

Despite the fact that only one subject showed significant improvement in success

in the video condition, the mean percentage values in Table 4.8 show an overall
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improvement in success over the course of the video trials. To test whether this

increase was significant, a Friedman two-way analysis of variance was calculated by

hand comparing each subject's percentage success for each third of the video trials.

The result was just significant at p<05 (X2=6.1, k=3, N=5); as a group the subjects

became more successful with practice in the video condition. In contrast, the mean

percentage values in Table 4.9 indicate that there was no overall improvement in the

no-image control condition; this was confirmed with a Friedman analysis, which was

non-significant (X2=0.1, k=3, N=5).

Table 4.8 Percentage of Successful Video Trials for Each Third ofthe Experiment

subject first second third X2

Karlo 70 80 77 0.84

Bandit 80 88 88 0.85a

Nancy 84 84 88 0.21a

Sarah 73 83 97 6.26*a

Sylvain 80 93 87 1.15a

mean 77 86 87

Notes. N=30 per third for Kl/Sr. N=25 per third for Nc/Bd. N=15 per third for Sv.
All chi-squares have df=2, N=90 for Kl/Sr, N=75 for Nc/Bd, N=45 for Sv.
a50% of cells with expected frequencies less than five.
*p<.05

Table 4.9 Percentage of Successful No-Image Trials for Each Third of the Experiment

subject first second third X2

Karlo 50 60 60 0.54

Bandit 53 47 56 0.29

Nancy 47 47 69 2.06

Sarah 55 55 50 0.13

Sylvain 80 60 50 2.01a

mean 57 54 57

Notes. N=20 per third for Kl/Sr. N(lst/2nd)=17, N(3rd)=16 for Nc/Bd. N=10 per third for Sv.
All chi-squares have df=2, N=60 for Kl/Sr, N=50 for Nc/Bd, N=30 for Sv.
a50% of cells with expected frequencies less than five.
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effect of column position on success, individual analyses:

Of the five subjects used in this experiment, Karlo, Sarah, and Sylvain had

previously demonstrated significant effects of column position on success (learning

period, Experiment 2). To see whether these preferences continued, SPSS for

Windows was used to carry out two chi-square tests for each subject (one for each

image condition), comparing the frequency of successes and failures for each column

of the bait-board. Table 4.10 lists the percentage of successful video image trials and

Table 4.11 the percentage of successful no-image control trials according to column

for each subject, as well as the results of the chi-square analyses. Although most

subjects had chi-squares in which over 20% of cells had expected frequencies of less

than five, Minitab did not indicate that the chi-squares were invalid.

Table 4.10 Percentage of Successful Video Image Trials for Each Column of the Bait-Board

subject column I column 2 column 3 column 4 column 5 X2

Karlo 65 (17) 50 (18) 90 (20) 82 (17) 89 (18) 11.9*

Bandit 80 (15) 93 (14) 56 (16) 100 (15) 100 (15) 16.9**

Nancy 80 (15) 100 (15) 93 (15) 87 (15) 67 (15) 7.9

Sarah 68 (19) 100 (17) 78 (18) 94 (17) 84 (19) 8.7

Sylvain 100 (9) 75 (8) 78 (9) 90 (10) 89 (9) 3.1

mean 79 84 79 91 86

Notes. The total number of trials for each subject in which a peanut was located in a particular column is given
in parentheses. All chi-squares have 50% of cells with an expected frequency less than five, df=4, N=90 for
Karlo/Sarah, N=75 for Nancy/Bandit, N=45 for Sylvain.
*g<.05 **p<01

Column position had a significant effect on success in the video condition for two

subjects, Karlo and Bandit. As in the previous experiment, Karlo was most successful

with column three and less successful with columns one and two, but his relative

success with column five improved considerably. Bandit was least successful with

column three and very successful with the outer columns, a different pattern than he

showed in Experiment 2, but similar to his preferences in Experiment 1. Sarah and
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Sylvain went from being most successful with column three to performing equally well

with all five columns, whereas Nancy continued to show no significant column effects

on success.

Only one subject, Karlo, had a significant column effect in the no-image condition.

Interestingly, the pattern was the exact opposite to what he showed for the video

condition; when there was no video image, Karlo was most successful with the outer

columns and had very little success with column three. Thus, this subject

demonstrated distinctly different search styles according to whether or not there was a

video image to guide his search. On video trials Karlo reached out towards the center

of the bait-board as soon as the shutters were opened, then usually reached directly for

the peanut (all the while watching the monitor). On no-image trials Karlo usually

paused for a few seconds before reaching as he looked at the monitor, then he would

search slowly, concentrating on columns one and five and rarely reaching into column

three (and no longer looking at the monitor).

Table 4.11 Percentage of Successful No-Image Trials for Each Column of the Bait-Board

subject column I column 2 column 3 column 4 column 5 X2

Karlo 75 (12) 42 (12) 17 (12) 67 (12) 83 (12) 14.5*

Bandit 60 (10) 73 (11) 40 (10) 37 (8) 45 (11) 3.6a

Nancy 30 (10) 73 (11) 50 (10) 67 (9) 50 (10) 4.6a

Sarah 54 (11) 46 (13) 83 (12) 50 (12) 33 (12) 6.6

Sylvain 67 (6) 57 (7) 50 (6) 60 (5) 83 (6) 1.7a

mean 57 58 48 56 59

Notes. The total number of trials for each subject in which a peanut was located in a particular column is given in
parentheses. All chi-squares have df=4, N=60 for Karlo/Sarah, N=50 for Nancy/Bandit, N=30 for Sylvain.
a30% to 100% of cells have expected frequencies of less than five.
*g< 01

effect of column position on success, group analysis:

There was little variation between the mean percentages in Tables 4.10 and 4.11,

thus it would appear that the global column effects observed in the learning period of
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Experiment 2 (columns two and five more difficult than the other columns) were no

longer present. This was confirmed by calculating a Friedman two-way analysis of

variance on the percentages in each table; the results were non-significant for both the

video trials (X2=1.8, df=4) and the no-image trials (X2=1.0, df=4). However, the

pattern of variation in mean percentage success per column differed between the two

conditions, which suggests that as a whole the subjects searched differently according

to whether or not there was a video image present to aid them. A logit analysis

subsequently confirmed these results.

effect of row position on success, individual analyses:

In the previous study row position had a significant effect on success for Bandit,

Nancy, and Sarah. To see whether row position continued to have an effect on

success for any subjects, SPSS for Windows was used to carry out chi-square tests on

both the video and no-image trials of each subject, comparing the frequency of

successes and failures for each row of the bait-board. Table 4.12 lists each subject's

percentage of successful video trials and Table 4.13 their percentage of successful no-

image trials for each row of the bait-board, as well as the results of the chi-square

analyses. As before, the chi-squares were not invalid even though they all had over

20% of cells in which the expected frequency was less than five. However, Sylvain's

video condition chi-square had two cells with expected frequencies of less than one,

and Minitab signalled that the chi-square was probably invalid.

Two subjects, Nancy and Sarah, had a significant effect of row position in the

video condition. As in the previous study, Nancy was most successful with rows three

to five and was least successful with row one; however, her relative success with row

six was greater in this experiment. Sarah also had the same pattern as before, being

most successful with rows one to three and least successful with row six. In the

previous study Bandit was significantly more successful with the upper three rows of

the bait-board, but in this experiment he appeared to be just as successful with the

lower three rows. Only one subject, Sarah, had a significant result in the no-image
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condition: she was much less successful with rows five and six than the other rows,

just as in the video condition.

Table 4.12 Percentage of Successful Video Trials for Each Row of the Bait-Board

subject row 1 row 2 row 3 row 4 row 5 row 6 X2

Karlo 71 (14) 83 (12) 76 (21) 79 (14) 80 (10) 68 (19) 1.2

Bandit 83 (12) 100 (9) 64 (11) 86 (14) 92 (12) 88 (17) 6.2

Nancy 50 (12) 86 (14) 91 (11) 100 (12) 100 (11) 87 (15) 16.2*

Sarah 100 (16) 100 (17) 94 (16) 82 (17) 78 (9) 47 (15) 23.8**

Sylvain 100 (9) 100 (8) 100 (8) 75 (4) 71 (7) 67 (9) 8.8a

mean 81 94 85 84 84 71

Notes. The total number of trials for each subject in which a peanut was located in a particular row is given in
parentheses. All chi-squares have 40% to 60% of cells with expected frequencies less than five, df=5, N=90 for
Karlo/Sarah, N=75 for Nancy/Bandit, N=45 for Sylvain.
aTwo cells with expected frequencies less than one, chi-square probably invalid.
*2<01 **p<001

Table 4.12 Percentage of Successful No-Image Trials for Each Row of the Bait-Board

subject row 1 row 2 row 3 row 4 row 5 row 6 X2

Karlo 71 (14) 86 (7) 55 (9) 67 (9) 31 (16) 40 (5) 8.8

Bandit 57 (7) 40 (10) 78 (9) 57 (7) 50 (10) 29 (7) 4.7

Nancy 44 (9) 44 (9) 71 (7) 55 (9) 50 (8) 62 (8) 1.8

Sarah 62 (8) 100 (10) 67 (9) 78 (9) 31 (13) 0 (11) 27.0*

Sylvain 50 (4) 80 (5) 100 (3) 71 (7) 67 (6) 20 (5) 6.9

mean 57 70 74 66 46 30

Notes, the total number of trials for each subject in which a peanut was located in a particular row is given in
parentheses. All chi-squares have 50% to 100% of cells with expected frequencies less than five, df=5, N=60 for
Karlo/Sarah, N=50 for Nancv/Bandit, N=30 for Sylvain.
*E<001

effect of row position on success, group analysis:

In the video condition the mean percentage success per row was similar for rows

one to five, but was noticeably lower for row six (Table 4.12). There was more

variation in mean percentage success per row in the no-image condition, but rows five
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and six were much worse than the other four (Table 4.13). However, a Friedman two-

way analysis of variance was non-significant for both the video (X2=6.54, df=5) and

no-image (X2=9.7, df=5) conditions, which suggests that as a whole the subjects did

not demonstrate any significant preferences for particular rows. As in the previous

study, row six was the most difficult in both conditions; the consistent poor success of

subjects with this row suggests that it is probably due to the design of the apparatus

rather than individual search preferences.

effect ofvideo image on success, individual analyses:

To determine whether any subjects were more successful at finding the peanut

when they had a video image to guide them, two-tailed chi-square tests were

calculated by hand for each subject (using Siegel's formula for 2x2 contingency tables)

comparing the frequency of successes and failures in the video versus the no-image

condition. Table 4.13 lists the subjects' percentage success in each condition, as well

as the results of the chi-square tests. All five subjects were significantly more

successful in the video condition than the no-image condition, both individually and as

a group (one-tailed sign test, x=0, N=5, p=.031). The subjects were clearly using the

video image in some way to improve their chances of finding the peanut.

Table 4.13 Percentage of Successful Trials for Each Image Condition

subject video no-image X2

Karlo 75 57 5.1*

Bandit 85 52 14.9**

Nancy 85 54 13.3**

Sarah 84 53 15.8**

Sylvain 87 63 4.5*

mean 83 56

Notes. N(video)=90 for Kl/Sr, 75 for Nc/Bd, 45 for Sv. N(no-image)=60 for
Kl/Sr, 50 for Nc/Bd, 30 for Sv. All chi-squares have df=l, N=150 for Kl/Sr,
125 for Nc/Bd, 75 for Sv.
*E<05 **E<.001
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factors affecting success, logit analysis:

Given the risks of false positive results inherent in carrying out multiple

independent statistical tests, a logit analysis was carried out to complement the chi-

square analyses presented above. Three explanatory factors were used: subject (S),

column position (C), and experimental condition (E). Table 4.14 lists the deviance and

degrees of freedom associated with the various tested models (a period indicates the

interaction between two factors).

Table 4.14 Results of Logit Analysis for Various Fitted Models

fitted model deviance degrees offreedom

null 148.97 49

S 146.67 45

C 144.69 45

E 92.47 48

S + C 142.42 41

S + E 89.94 44

C + E 87.75 44

C + E + C.E 84.33 40

Note: S=subject (5 levels), C=column position (5 levels), E=experimental condition (2 levels). A period
indicates an interaction between 2 factors. Chosen model in bold type.

The null model represents the grand mean of the observations, and gives a

baseline against which to compare the single factor models. The deviance of the

subject model (S) was not significantly different from that of the null model (X2=2.30,

df=4), which meant that in this experiment there was no main effect of subject on

success. The lack of significant individual variation is not surprising, given that the

subjects for this experiment were all selected on the basis of their success in the

previous experiment. The column position model (C) also did not differ significantly

from the null model (X =4.28, df=4), indicating that there was no main effect of

column position on success (as suggested by the mean percentages in Table 4.10).

This differs from the two previous experiments, in which column two was significantly
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worse than column one. The experimental condition model (E), however, was

significantly better at representing the data than the null model (X =56.50, dft=l,

P<001), indicating a significant effect of condition on overall success. None of the

other models tested had a significantly lower deviance than the experimental condition

model (E), so it was selected as the most economical representation of the data. In

this experiment, the only factor to have a significant effect on success was

experimental condition: subjects were far less successful when there was no video

image. (The estimate/s.e. value for the no-image parameter was -7.334, indicating an

extremely large effect of condition).

effect of practice on time to find peanut, individual analyses:

To test whether any subject reduced the time required to find the peanut over the

course of the experiment, SPSS for Windows was used to calculate Kendall tau rank

correlations for time versus trial number, for both the video and no-image conditions.

(Video and no-image trials were each numbered consecutively starting at one, rather

than using the overall trial number.) For the first set of correlations, trials in which the

peanut was knocked out of the bait-board and fell to the floor were treated as failures

and assigned a time of 60 seconds. For the second set of correlations, trials in which

the peanut was knocked to the floor were assigned the time after which the peanut fell.

(For all correlations trials in which the subject failed to find the peanut were assigned a

time of 60 seconds.) One tailed tests were used because the direction of the

correlation was predicted in advance (it was assumed that latency would decrease with

practice).

As one can see from Table 4.15, when fallen peanuts were assigned a time of 60

seconds, only two subjects (Sarah and Sylvain) showed a significant decrease in the

time to find the peanut over the course of the video trials. The outcome for Bandit

was also very close to significance (p=056). When fallen peanuts were assigned the

time after which the peanut fell, four of the five subjects had significant negative

correlations (only Nancy failed to show any improvement). The correlations for the
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no-image condition were non-significant for all subjects, regardless of how fallen

peanuts were scored. Given that the subjects were getting faster in the video condition

but not the no-image condition, it would appear that they were becoming more

proficient at using the video image to increase their chances of finding the peanut,

rather than simply increasing their baseline search efficiency as a result of extensive

experience with the apparatus.

Conducting a series of independent statistical tests such as this always increases

the risk of false positives. If the significance level was set to .05, one would expect,

on average, one outcome out of these twenty tests to be a false positive. However, all

of the significant results occurred at a level of .01 or less, in which case one would

expect only one false positive out of every 100 or more trials. Given the highly

significant nature of the results, it is unlikely that they were false positives.

Table 4.15 Kendall Rank Correlations Between Time to Find Peanut and Trial Number
for Each Image Condition

trials in which peanutfell
assigned value of60s

trials in which peanutfell
assigned time tillfall

subject video no-image video no-image

Karlo -.09 -.03 -.20* -.04

Bandit -.13 -.03 -.19* -.10

Nancy -.01 -.12 -.02 -.10

Sarah - 24** .42 - 25** -.02

Sylvain -.26* .15 -.26* .09

Note. N(video)=90 for Kl/Sr, 75 for Nc/Bd, 45 for Sv. N(no-image)=60 for Kl/Sr, 50 for Nc/Bd, 30 for Sv.
*p<01 **p<.001

effect of practice on time to find peanut, group analysis:

Figure 4.6 gives an idea of the overall trends in time to find the peanut for all five

subjects taken together. Video and no-image trials were both grouped into blocks of

10 trials, then the median time to find the peanut for each block was calculated for

each subject. Median times were used so that failed trials could be assigned a value of
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60 seconds and included in the analysis. The mean time for all five subjects was then

calculated for each block and plotted. Note that since the subjects did not all receive

the same number of trials, only four subjects contributed to the mean value for video

blocks six to eight and no-image blocks four and five. One-tailed Kendall tau rank

correlations indicated that there was a significant decrease in time taken to find the

peanut in both the video (t=-.79, p=.003) and no-image (x=-.80, p=.042) conditions.

One can also see that the subjects found the peanut much more quickly when a video

image was present than when it was not.

60 -i

0 H 1 1 1 1 1 1 1 1

012345678

blocks of 10 trials

Figure 4.6 Mean time taken to find the hidden peanut in the video and no-image conditions.
Video and no-image trials are grouped into blocks of 10, but during testing no-image trials
were randomly interspersed among video trials. There was a significant improvement in time
taken to find the peanut in both the video and no-image conditions.
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effect of column position on time to find peanut, individual analyses:

To test whether the placement of the peanut affected the time required to find it,

Minitab was used to calculate a Kruskal-Wallis one-way analysis of variance for each

subject comparing times for each column of the bait-board, for both the video and no-

image conditions. A non-parametric test was used so that failed trials could be

assigned a value of 60 seconds and included in the analysis. Tables 4.16 and 4.17 list

each subject's median time to find the peanut for each column of the bait-board and the

outcome of their Kruskal-Wallis test, for the video and no-image conditions,

respectively.

Table 4.16 Median Time (sec) to Find Peanut for Each Column of the Bait-Board (Video)

subject column I column 2 column 3 column 4 column 5 H

Karlo 25.0 (17) 45.0 (18) 5.0 (20) 12.0 (17) 10.5 (18) 28.7**

Bandit 22.0 (15) 9.5 (14) 29.5 (16) 9.0 (15) 15.0 (15) 5.4

Nancy 21.0 (15) 15.0 (15) 7.0 (15) 8.0 (15) 20.0 (15) 7.7

Sarah 21.0 (19) 10.0 (17) 21.0 (18) 13.0 (17) 18.0 (19) 10.5*

Sylvain 21.0 (9) 25.5 (8) 18.0 (9) 13.5 (10) 9.0 (9) 6.4

mean 22.0 21.0 16.1 11.1 14.5

Notes. The total number of trials for each subject in which a peanut was located in a particular column is given
in parentheses. All H values adjusted for ties with df=4, N=90 for Kl/Sr, N=75 for Nc/Bd, N=45 for Sv
(Kruskal-Wallis one-way analysis of variance).
*g<.05 **p<.001

Table 4.17 Median Time (sec) to Find Peanut for Each Column of the Bait-Board (No-Image)

subject column 1 column 2 column 3 column 4 column 5 H

Karlo 26.5 (12) 60.0 (12) 60.0 (12) 17.0 (12) 11.5 (12) 16.2*

Bandit 42.5 (10) 49.0 (11) 60.0 (10) 60.0 (8) 60.0 (11) 3.3

Nancy 60.0 (10) 31.0 (11) 53.0 (10) 20.0 (9) 47.5 (10) 5.5

Sarah 43.0 (11) 60.0 (13) 26.5 (12) 52.5 (12) 60.0 (12) 7.6

Sylvain 29.5 (6) 44.0 (7) 58.0 (6) 43.0 (5) 13.0 (6) 5.6

mean 40.3 48.8 51.5 38.5 38.4

Notes. The total number of trials for each subject in which a peanut was located in a particular column is given in
parentheses. All H values adjusted for ties with df=4, N=60 for Kl/Sr, N=50 for Nc/Bd, N=30 for Sv (Kruskal-
Wallis one-way analysis of variance).
*E<01
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The subject Karlo had a highly significant result for both the video (£=.000) and

no-image (£=.003) conditions; however, his £referred columns differed according to

condition. In the video condition Karlo was fastest with column three, whereas in the

no-image condition Karlo was slowest with column three. This was the result of the
different search styles that Karlo used according to whether there was a video image

present (see p. 184), and corresponds to his results with the success data. The subject
Sarah also had a significant result for the video condition; she was fastest with column

two, with which she was also most successful.

effect of column position on time to find peanut, group analysis:

To test whether there was an overall effect of column position on time to find the

peanut, a Friedman two-way analysis of variance was calculated by hand on each

subject's median time per column, for both the video and no-image conditions (Tables

4.16 and 4.17). Median rather than the mean times were used so that failed trials could

be assigned an arbitrary value of 60 seconds and included in the analysis. Note that the

sample size varied between cells because subjects did not all receive the same number

of trials per condition; as a result, the precision of the median value varied between

cells. The test was non-significant for both the video (X2=5.80, df=4) and no-image

(X2=2.12, df=4) conditions, which meant that at a global level there was no effect of

column position on time to find the peanut, even though the mean times in Table 4.17

seemed to indicate an effect. This corresponds to the logit analysis of the success data,

which also indicated no overall effect of column position.

effect of row position on time to find the peanut, individual analyses:

To test whether time to find the peanut varied according to its row position,

Minitab was used as above to carry out Kruskal-Wallis tests on the video and no-image

trials of each subject. Failed trials were assigned a value of 60 seconds and included in

the analysis. Tables 4.18 and 4.19 list each subject's median time to find the peanut for
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each row of the bait-board and their results on the Kruskal-Wallis tests, for the video

and no-image conditions, respectively.

Table 4.18 Median Time (sec) to Find Peanut for Each Row of the Bait-Board (Video)

subject row 1 row 2 row 3 row 4 row 5 row 6 H

Karlo 10.5 (14) 9.5 (12) 7.0 (21) 10.0(14) 20.0 (10) 26.0 (19) 10.3

Bandit 15.5 (12) 16.0 (9) 26.0 (11) 12.0 (14) 7.5 (12) 16.0 (17) 5.5

Nancy 54.5 (12) 13.0 (14) 15.0 (11) 9.0 (12) 19.0(11) 34.0 (15) 10.7

Sarah 17.5 (16) 14.0 (17) 9.0 (16) 12.0 (17) 11.0 (9) 60.0 (15) 17.4**

Sylvain 13.0 (9) 7.5 (8) 14.0 (8) 7.0 (4) 39.0 (7) 29.0 (9) 11.6*a

mean 22.2 12.0 14.2 10.0 19.3 33.0

Notes. The total number of trials for each subject in which a peanut was located in a particular row is given in
parentheses. All H values adjusted for ties with df=4, N=90 for Kl/Sr, N=75 for Nc/Bd, N=45 for Sv. (Kruskal-
Wallis one-way analysis of variance).
aAnalysis may be invalid due to small sample sizes.
*P<05 **P<01

Table 4.19 Median Time (sec) to Find Peanut for Each Row of the Bait-Board (No-Image)

subject row 1 row 2 row 3 row 4 row 5 row 6 H

Karlo 24.0 (14) 9.0 (7) 50.0 (9) 27.0 (9) 60.0 (16) 60.0 (5) 10.2

Bandit 39.0 (7) 60.0 (10) 24.0 (9) 52.0 (7) 50.5 (10) 60.0 (7) 8.0

Nancy 60.0 (9) 60.0 (9) 25.0 (7) 32.0 (9) 56.0 (8) 33.0 (8) 3.1

Sarah 38.0 (8) 15.5 (10) 33.0 (9) 22.0 (9) 60.0 (13) 60.0 (11) 28.6*

Sylvain 52.0 (4) 23.0 (5) 16.0 (3) 56.0 (7) 41.0 (6) 60.0 (5) 8.9a

mean 42.6 33.5 29.6 37.8 53.5 54.6

Notes. The total number of trials for each subject in which a peanut was located in a particular row is given in
parentheses. All H values adjusted for ties with df=4, N=90 for Kl/Sr, N=75 for Nc/Bd, N=45 for Sv. (Kruskal-
Wallis one-way analysis of variance).
aAnalysis may be invalid due to small sample sizes.
*E<001

Sarah had a highly significant result for both the video (p= 004) and no-image

(p= 000) conditions; in each case, she was fastest with rows one to four and slowest

with row six. This corresponds to her results with the success data. Sylvain also had

a significant (p=,041) result for the video condition, although the analysis may have



Results: controlled experiment - time 195

been invalid due to small sample sizes. He was fastest with rows one to four, with

which he was also most successful.

effect of row position on time to find peanut, group analysis:

To test whether there was an overall effect of row placement on time to find the

peanut, a Friedman two-way analysis of variance was calculated by hand for both the

video and no-image conditions, comparing the subjects' median times to find the

peanut for each row of the bait-board (Tables 4.18 and 4.19). Median rather than the

mean times were used so that failed trials could be assigned an arbitrary value of 60

seconds and included in the analysis. Note that the sample size varied between cells

because subjects did not all receive the same number of trials per condition; as a result,

the precision of the median value varied between cells. Although the mean times in

Tables 4.18 and 4.19 seem to indicate that row six was more difficult than all of the

others, the Friedman test was non-significant for both the video (X2=9.43, df=5) and

no-image (X2=8.06, df=5) conditions, which meant that at a group level there was no

effect of row position on time to find the peanut.

effect of video image on time to find peanut, individual analyses:

To test whether any subjects were faster at finding the hidden peanut when there

was a video image present, Minitab was used to perform a two-tailed Mann-Whitney

test for each subject comparing time to find the peanut in the video and no-image

conditions. A Mann-Whitney rather than a t-test was used so that failed trials could be

included in the analysis by assigning them an arbitrary value of 60 seconds. Table 4.20

lists each subject's median time to find the peanut for the video and no-image

conditions, as well as the results of the Mann-Whitney tests. All five subjects found

the peanut significantly faster when there was a video image present. The effect was

significant at the group level as well (one-tailed sign test, x=0, N=5, p=,031).
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Table 4.20 Median Time (sec) to Find Peanut for Each Image Condition

subject video no-image W

Karlo 12.0 42.5 5794**

Bandit 14.0 57.5 3732**

Nancy 16.0 45.5 3964**

Sarah 15.0 41.0 5449**

Sylvain 16.0 43.5 1426*

mean 14.6 46.0

Notes. N(video)=90 for Kl/Sr, 75 for Nc/Bd, 45 for Sv. N(no-image)=60
for Kl/Sr, 50 for Nc/Bd, 30 for Sylvain. All W values adjusted for ties.
*£<.01 **£<001

effect of practice on attempts to find peanut, individual analyses:

To test whether the number of attempts needed to find the peanut decreased over

the course of the experiment, SPSS for Windows was used to calculate Kendall tau

rank correlations for attempts per trial versus trial number, for both the video and no-

image conditions. Trials for each condition were numbered consecutively starting at

one, rather than using the overall trial number. One tailed tests were used because the

direction of the correlation was predicted in advance (it was assumed that number of

attempts would decrease with practice). The correlations are listed in Table 4.21; two

subjects (Bandit and Sylvain) showed a significant decrease in the number of attempts

per trial in the video condition.

Table 4.21 Kendall Rank Correlations Between Number ofAttempts to Find Peanut and
Trial Number for Each Image Condition

subject video no-image

Karlo .02 .02

Bandit -.19* -.14

Nancy .08 -.08

Sarah -.04 -.12

Sylvain -.22* -.14

Notes. N(video)=90 for Kl/Sr, 75 for Nc/Bd, 45 for Sv.
N(no-image)=60 for Kl/Sr, 50 for Nc/Bd, 30 for Sylvain.
*£<05
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effect of practice on attempts to find peanut, group analysis:

Figure 4.7 gives an idea of the overall trends in the number of attempts taken to

find the peanut for all five subjects together. Video and no-image trials were grouped

into blocks of 10 and each subject's mean number of search attempts per block was

calculated. The mean for all five subjects was then plotted. Note that since the

subjects did not all receive the same number of trials, only four subjects contributed to

the mean value for video blocks six to eight and no-image blocks four and five. A

Kendall tau rank correlation was calculated by hand for each condition comparing

mean number of attempts per block to block number. There was a significant negative

correlation for the video condition (t=-.64, p=.031), but the correlation for the no-

image condition was non-significant (x=-.32, p=408).
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Figure 4.7 Mean number of attempts to find the hidden peanut in the video and no-image
conditions. Video and no-image trials are grouped into blocks of 10, but during testing no-
lmage trials were randomly interspersed among video trials. There was a significant reduction
in number of attempts required to find the peanut across video trials, but not no-image trials.
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effect of video image on attempts to find peanut, individual and group analyses:

Given that on any one attempt subjects would usually search in more than one

row and column, there was no point in testing to see whether number of attempts

varied according to the peanut's location on the bait-board. To test whether the

presence of a video image had an effect on the number of search attempts, Minitab
was used to calculate a two-tailed t-test for each subject comparing the number of

attempts per trial in the video versus the no-image conditions. A parametric test could

be used in this instance because number of attempts could be scored even on failed

trials, and the data were normally distributed for most subjects. Table 4.22 lists each

subject's mean number of attempts per trial in each condition, as well as the results of

the t-tests, under the heading successful^failed trials. All five subjects made more

attempts in the no-image condition, a significant group level effect (one-tailed sign

test, x=0, N=5, p=031), but at an individual level this was significant for only two

subjects, Karlo and Bandit.

Table 4.22 Mean Number of Attempts to Find Peanut for Each Image Condition

subject video

successful+failed trials
no-image t df video

successful trials only
no-image t df

Karlo 1.5 2.4 -4.96** 91 1.4 1.6 -1.39 61

Bandit 2.4 4.7 -5.63** 71 2.2 3.6 -3.15* 31

Nancy 2.4 2.7 -1.01 105 2.0 1.9 0.76 61

Sarah 2.2 2.6 -1.80 120 2.0 1.7 1.68 88

Sylvain 2.7 2.9 -0.42 62 2.3 2.5 -0.52 37

mean 2.2 3.1 2.0 2.3

Notes. For successful+failed trials N(video)=90 for Kl/Sr, 75 for Nc/Bd, 45 for Sv; N(no-image)=60 for Kl/Sr,
50 for Nc/Bd, 30 for Sv. For successful trials only N(video) ranges from 39 to 76, N(no-image) from 19 to 34.
*E<0 "gc.001

All of the subjects had significantly more failed trials in the no-image condition,

which means that they had a larger proportion of trials for which they searched for the

full 60 seconds. The longer the trial, the more search attempts a subject can make,
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thereby increasing the chances of observing a difference between the two conditions.

To compensate for this number of search attempts should only be compared for trials

matched according to time taken to find the peanut (and peanut location), but this

would result in sample sizes too small for analysis. Instead, failed trials were

eliminated from the analysis and another set of t-tests was performed comparing

number of attempts in each condition for successful trials only. (Note, however, that

these analyses may be invalid because the missing values were not randomly

distributed.) The results of these t-tests, as well as each subject's mean number of

attempts in each condition, are presented in the second half of Table 4.22 under the

heading successful trials only. Only three subjects made more attempts in the no-

image condition, a non-significant group level effect (one-tailed sign test, x=2, N=5,

p=.500), and at an individual level only one subject, Bandit, had a significant result.

unbaited control trials:

In addition to the no-image control trials in which the apparatus was baited but

the monitor was not turned on, subjects also received unbaited control trials, or

blanks, in which no peanut was placed in the bait-board. Anderson (1986, p.239)

reasoned that:

If a subject leams the association between its movements in space and the
reflection, then it should realize that to search on blank trials when the mirror
is present would be fruitless and should therefore desist. However, the same

subject should continue to search on no-mirror blank trials, because here a
hidden reward might be present. In contrast, subjects not having learned to
use the mirror should search on all blank trials, mirror as well as no-mirror.

The same logic applies to subjects presented with a video, rather than a mirror,

image. Table 4.23 lists each subject's range and mean number of attempts per trial for

the video and no-image unbaited conditions. A two-tailed t-test comparing the

number of attempts per trial in each condition was non-significant for each subject.

Four out of five subjects made fewer attempts on unbaited trials with a video image

present, but this was not a significant group level effect (one-tailed sign test, N=5,
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x=l, £=.188). (Bear in mind, though, that the power of this test is low due to the

small sample size.) Although this analysis would seem to indicate that none of the

subjects really understood what the video image represented - why else would they

have searched on unbaited trials when the video image showed them there was no

peanut? - other factors must be taken into account, such as whether the subjects might

have been searching just for something to do. This possibility is elaborated further in

the discussion.

Table 4.23 Range and Mean Number ofAttempts to Find the Peanut for Video
and No-Image Unbaited Trials

range mean

subject video no-image video no-image t df
Karlo 2-6 3-7 4.1 4.2 -0.18 17

Bandit 4-11 4-10 6.1 6.8 -0.74 17

Nancy 3-6 3-8 4.0 4.6 -1.03 16

Sarah 3-5 2-5 3.8 3.4 0.95 17

Sylvain 2-6 2-6 3.7 4.0 -0.35 9

mean 4.3 4.6

Notes. N(video) and N(no-image)=10 for Kl/Bd/Nc/Sr, 6 for Sv.
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DISCUSSION

To my knowledge this experiment is the first demonstration that monkeys can use

a video image to direct their search for a hidden target. Both as a group and

individually the subjects were significantly more successful, faster, and made fewer

attempts to find the peanut when they had a video image to guide them (see Table

4.24 for a summary of each subject's results). There was no overall effect of column

position on either success or time to find the peanut, in contrast to the previous

experiment. As a group the subjects showed significant improvement in success and

time to find the peanut across video trials, but not across no-image trials. Since video

and no-image trials were randomly interspersed, the subjects must have been getting

better at using the video image rather than just improving baseline search efficiency as

a result of familiarity with the apparatus. However, the subjects could have learned

merely to use the video image as a cue to search certain previously baited locations

(mirror-mediated spatial discrimination; Menzel et al., 1985), rather than learning to

use the location of the video image to determine the real-world location of the target

(understanding ofmirror correspondence; Mitchell, 1993).

Table 4.24 Significant Effects of Different Factors on Success. Time, and Attempts to
Find Peanut

practice

success

column video practice

time

column video

attempts

practice video

Karlo o + + o/+ + + 0 +

Bandit o + + o/+ o + + +

Nancy o 0 + o/o 0 + 0 o

Sarah + o + +/+ + + 0 o

Sylvain 0 o + +/+ 0 + + o

Notes: A o indicates a non-significant result and + a significant positive effect. The two results in the
time(practice) column are for trials in which a fallen peanut was scored as 60s or time of fall, respectively.



Discussion 203

It is interesting to note that the subject Nancy benefited as much from the video

image as did the other four subjects, even though at the end of Experiment 2 she

showed little evidence of using a mirror image to improve her performance. It is

possible, therefore, that many of the other monkeys would have been successful had

they been tested with this protocol.

Karlo was the only subject to have had significant column effects in the video

condition for both success and time to find the peanut, and the only subject with a

significant result for either in the no-image condition. Interestingly, however, Karlo's

column preferences varied according to condition: he was fastest and most successful

with column three for video trials, but was least successful and slowest with this

column for no-image trials.

The analysis of the unbaited control trials seemed to suggest that although the

subjects could use a video image to direct their search for a hidden target, they did not

understand the information contained within that image; in other words, the video

image was simply a cue to the subjects to search the bait-board. However, the tests do

not tell the whole story. In Anderson's (1986) experiment, subjects were tested in

their home cage with the rest of their group. On unbaited mirror trials, when subjects

could see there was nothing to gain by searching, they had the option of doing

something else; in such a complex environment there was plenty to occupy the

subject's attention if there seemed to be no point in searching for a non-existent bait.

In this experiment, however, subjects were isolated in a test cage during their trials;

there was nothing of interest in the cage apart from the access to the bait-board. If the

monitor showed a video image of an empty bait-board, there was nothing for subjects

to do to occupy their time till the next trial, except explore the apparatus. In fact, the

subject Sarah, an adult female who had her young infant with her during testing,

ignored the bait-board for 15 seconds or more on three video/no-bait trials, but never

did this on no-image/no-bait trials. During these periods she would groom her infant.

Perhaps the subjects searched the bait-board on unbaited video trials not because they
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failed to understand that there was no peanut, but because there was nothing else to

do.

This is further supported by the behaviour shown by the subject Karlo. As

described above, Karlo searched the bait-board in a distinctly different way on (baited)

video and no-image trials. On video trials he almost always began by reaching

towards the central column of the bait-board, then quite directly towards the peanut.

On no-image trials he hardly ever reached into the central column; instead he focused

on the outer columns, searching much more slowly and deliberately than he did on

video trials. Karlo searched in the same way on unbaited no-image trials as he did on

baited no-image trials, as one would expect. However, Karlo also searched the same

way on unbaited video trials as he did on no-image trials; in other words, he responded

to a video image showing an empty bait-board the same way he would respond to no

image. On unbaited video trials Karlo behaved - correctly - as though he had no cues

as to the location of the peanut. It was not possible to tell whether Karlo failed to

understand that a video image showing an empty bait-board meant there was no

peanut, or whether he was aware there was no peanut but searched anyway because

there was nothing better to do. One way of distinguishing between these two

possibilities would be to penalize subjects for searching on unbaited trials; they would

then be motivated to apply their understanding.

The ultimate aim of these experiments was to determine what information from

the image the subjects were actually exploiting. Were they using intratrial visual

feedback from the moving image of their hand relative to the fixed image of the target

to guide their hands to the target (image-guided behaviour)? Or were they using the

location of the image of the target to reach to the target's real-world location (visuo-

motor adaptation), or even just responding to the presence or absence of an image

(video-triggered searching)? It is possible to get some idea of which process the

monkeys were using by comparing the results of the Experiment 2 mirror trials and the

transfer phase video trials of this experiment. If the subjects were using the image of

their hand to guide their search, the transition from a mirror image to a left-right
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reversed video image should not have disrupted their performance too much.

Although their initial reaches towards the peanut might have been misdirected, they

should have immediately seen that the image of their hand was moving away rather

than towards the target, and compensated accordingly. The element of performance

most likely to be affected would be time to find the peanut, as subjects attempted to

compensate for the unexpected movements of their hands in the video image.

If, on the other hand, subjects were using only the image of the target to direct

their search, the switch to a video image should have disrupted performance

considerably, at least at first. Subjects would tend to reach to the wrong side of the

bait-board, and being unable to use the image of their hands to recognize that error, it

is likely that success would decrease, and time and number of attempts to find the

peanut would increase. However, this reduction in performance need not be

permanent; sooner or later the subjects might learn the new relationship between target

and image, and performance would improve again. It is therefore important to

concentrate on the outcome of the very first video trials the subject receives.

In fact, the proportion of successes on the very first video trial was not

significantly different from what one would expect based on the results of the mirror

trials. With a sample size of only five, however, this is hardly conclusive. A graph

showing the group's mean number of successful trials for blocks of five trials indicated

that success did drop noticeably when subjects were presented with the video image

for the first time, but that success improved again after only 15 video trials. Four out

of five subjects were less successful with the video image compared to the mirror

image, but chi-square tests were non-significant for all five subjects. In fact, since the

subject Karlo was actually more successful in the video condition, the switch to the

video image did not have a significant overall effect (one-tailed sign test).

A graph of the group's mean time to find the peanut for blocks of five trials

showed a clear increase in time taken to find the peanut when subjects first switched

from a mirror to a video image. However, there was considerable improvement over

the course of the 20 transfer video trials, so that the mean time to find the peanut for
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the last five video trials was similar to the mean time for the last five mirror trials. All

five subjects were slower in the last video block than they were in the last mirror

block, a significant effect (one-tailed sign test), but since the difference between the

last mirror block and the first video block was non-significant, it is not possible to say

with certainty how much the subjects had improved relative to the mirror trials. When

all of the trials were analysed four out of five subjects were slower in the video

condition than they were in the mirror condition, but this was only significant for

Sylvain (and nearly significant for Bandit). Karlo was the exception once again, being

faster in the video condition, which meant that there was no significant group level

effect of image on time to find the peanut (one-tailed sign test).

The attempts data followed a similar pattern: the group's mean number of search

attempts increased sharply at the switch from mirror to video image, but improvement

over the course of the transfer phase meant that there was no significant difference in

number of attempts between the last block of Experiment 2 mirror trials and the last

block of transfer phase video trials. All five subjects made slightly more attempts per

trial in the video versus the mirror condition (a significant group level effect, one-tailed

sign test), but this was non-significant for each individual.

These results clearly indicate that the subjects' performance was initially disrupted

by the switch to a video image, but that performance then recovered very rapidly,

particularly for Karlo. One might expect individuals capable of image-guided

behaviour to display just such a brief disruption and rapid recovery as they familiarize

themselves with the unexpected movements of the new image. The alternative,

however, is that the subjects rapidly learned a new visuo-motor adaptation (or a new

set of associations between images and target locations). When one considers that

after 80 trials with a new prism Flook and McGonigle's (1977) squirrel monkey

subjects still had not achieved their previous level of performance, it might seem

unlikely that the subjects of this experiment could have learned a new adaptation in

only 20 trials. However, perhaps it is easier to learn to use mirror and video images as

a guide to behaviour than it is to adapt to prism displacements.
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A much better way to determine whether subjects were tracking the image of their
hand or merely using the image of the target would be to change the orientation of the
video image on every trial, e.g. by reversing or inverting it, as per Menzel et al.

(1985). Under these conditions there would be no consistent spatial relationship
between a target and its image; a subject that used visuo-motor adaptation or video-
mediated spatial discrimination to direct its search would be forced to rely on an

incorrect method, or revert to a random search. A subject capable of tracking the

image of its hand, however, would face no such difficulties. The five subjects from
this experiment were used to carry out this definitive test.



5

Experiment 4: Are monkeys capable of image-guided behaviour?

INTRODUCTION

Experiment 3 demonstrated that monkeys are capable of using real-time televised

images to direct their search for a hidden target and improve their chances of finding it.

The fact that the subjects suffered only a temporary decrease in performance when

switching from a mirror image to a video image (left-right reversed relative to a

mirror) suggests that the subjects were using the image of their hand to direct their

search (image-guided behaviour), rather than just the image of the target (visuo-motor

adaptation or video-mediated spatial discrimination). However, the possibility exists

that the subjects learned a new visuo-motor adaptation after only a few trials with the

new image. The purpose of this experiment was to look for more conclusive evidence

of image-guided behaviour.

The five subjects from the previous study were tested using the standard

experimental protocol, only the type of image the subjects saw now varied from one

trial to the next. Within a test session subjects received a quasi-random sequence of

standard images (a normal video image), reversed images (a mirror image), and

inverted/reversed images (an upside-down video image), as well as either image/no-

bait and no-image/no-bait control trials, or no-image (baited) control trials. The

subjects had already had considerable experience with both mirror images and standard

video images, but none of the subjects had ever seen an inverted/reversed video image

prior to the start of the experiment.

Given that the orientation of the image varied from one trial to the next, one

would expect a subject who used only the location of the target's image to direct its

search (visuo-motor adaptation or video-mediated spatial discrimination) to suffer a

considerable decrease in performance, since there was no longer a consistent spatial
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relationship between a target and its image. If monkeys are capable of retaining and

applying only one visuo-motor adaptation at a time (as suggested by Menzel et al., p.

215), the subjects' performance should suffer on at least two of the three types of

image trial used in this experiment. However, Flook and McGonigle (1977) have

shown that monkeys can maintain more than one adaptation at a time, so there are

reasons why one might expect the subjects' performance to be impaired only on the

unfamiliar inverted/reversed image trials. Given that the subjects were successful with

both reversed (mirror) and standard (video) images when presented separately, and

given that differences in the overall appearance of these two images could have

provided exteroceptive cues to the subjects about which condition (and therefore

which adaptation) was in effect, one might expect subjects to perform well on these

two types of trial even when presented in a random mixed sequence. However, when

presented with an inverted/reversed image (which looks like a standard video image),

one would expect subjects to respond with the adaptation appropriate to a standard

image, resulting in poor performance.

In contrast, a monkey capable of image-guided behaviour should be able to track

the movement of the image of its hand regardless of the orientation of the image, and

therefore to maintain a high level of performance across all three image conditions.

However, given that the subjects might well have expectations as to how the image

should 'behave', the unfamiliar inverted/reversed image might prove disruptive at first.
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METHODS

subjects:

The five subjects from Experiment 3 were used in this experiment; their details are

listed in Table 5.1. The subject Sarah always had her infant Mischief present during

test sessions, but by this time he was active and sometimes moved around during trials

rather than clinging ventrally. On occasion this would distract Sarah ffom searching,

but it did not appear to seriously impair her performance.

Table 5.1 Name. Sex, and Age of Subjects at the Start of the Experiment

name species group sex age (yr,mth)

Karlo torquatus Boss m 5,4

Bandit torquatus Boss m 2,9

Nancy torquatus Boss f 11,5
Sarah torquatus Boss f 10,11

Sylvain3 albigena Peanuts m 5,4

aDid not receive direct experience with video images prior to Experiment 3.

apparatus:

The same apparatus was used as in the previous experiment: on all trials a Sony

Trinitron television monitor with a 39 cm screen was placed on a table directly

opposite the bait-board, at a distance of 80 cm. The top of the monitor was 5 cm

lower than the center of the board. For the various image trials a Panasonic NV-S7

SuperVHS camcorder connected to the monitor provided a simultaneous video image

of the subjects as they searched the bait-board (some trials were also recorded). On

standard image trials the camcorder was placed on top of the monitor with the lens

directly opposite the center of the bait-board (see Fig. 4.1). A peanut in the upper left

corner of the bait-board (from the subjects' point of view) appeared on the upper right

of the monitor image. On inverted/reversed image trials the camcorder was held
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Figure 5.2 Position of mirror in reversed image condition.
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upside-down over the monitor using a tripod (Fig. 5.1), thereby producing an image on

the monitor that was left-right reversed and up-down inverted relative to a standard

video image. Thus, a peanut in the upper left corner of bait-board appeared on the

lower left corner of the monitor image. The lens of the camcorder was again

positioned directly opposite the center of the bait-board at a distance of 80 cm.

On reversed image trials a 40 by 60 cm mirror was propped in front of the monitor

(Fig. 5.2), giving an image that was left-right reversed relative to a standard video

image. Thus, if the peanut was located in the upper left corner of the bait-board, it

would appear in the upper left corner of the mirror image. The base of the mirror was

61 cm from the cage mesh supporting the bait-board, and the top of the mirror was

80.5 cm from the cage mesh and 125 cm above the floor. The camcorder was in its

usual place on top of the monitor. On no-image trials the monitor was turned off and a

sheet of paper was placed over the screen to prevent reflections.

The zoom on the camcorder was adjusted so that the video image included the

bait-board and the search holes. As in Experiment 3, pieces of card were attached to

the monitor screen to cover the image of the search holes, so that only the image of the

bait-board was visible to the subjects. Similarly, the mirror used on reversed trials was

the same width as the bait-board, so when carefully positioned it reflected only the

board and not the search holes.

procedure:

When the torquatus were to be tested the four subjects were enclosed in home

cage two, with access to outdoor cage three (see Fig. 2.1). All other group members

remained in home cage one, with access as well to outdoor cage one. When Sylvain

(the albigena) was to be tested, the torquatus were shut outside in cage one or cages

one and three. During some test sessions Sylvain was alone in the building, on others

two or three members of his group were present in home cage two.
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The experiment ran from March 9 to 24, 1994. The order in which subjects were

tested was not predetermined; whichever subject entered the test cage first was tested

first. When a subject entered the test cage the experimenter gave him a peanut;

similarly, at the end of a test session (series of trials) the subject received a peanut

when he left the test cage.

The procedure was the same as for Experiment 3, only with the introduction of

two new experimental conditions: reversed and inverted/reversed image trials were

used in addition to standard trials, no-image control trials, and no-bait control trials.

On a standard or inverted/reversed trial the experimenter entered the video cage and

placed a single peanut in one of the compartments of the bait-board. She turned on the

camcorder and television monitor, opened the shutters, then immediately sat on a chair

in cage C and recorded the subject's search behaviour on a check sheet. A trial ended

when the shutters were closed by the experimenter, for one of three reasons: 1) the

subject failed to find the peanut within one minute (failure); 2) the subject knocked the

peanut out of the bait-board onto the floor (failure); 3) the subject removed the peanut

from the bait-board (success). If the subject did not approach the apparatus within 15

seconds after the start of the trial, the shutters were closed and the trial was restarted

with the peanut in the same location. The intertrial interval was usually about 60 to 90

seconds, but was occasionally longer due to uncontrollable delays (such as catching

escaped monkeys or removing tourists who were distracting the monkeys).

The procedure was exactly the same for no-image control trials, except that the

television monitor was not turned on and the monitor screen was covered with a piece

of paper to prevent reflections. On reversed trials a mirror was carefully positioned in

front of the television monitor. On unbaited control trials (image and no-image) the

experimenter still approached and touched the bait-board.

All subjects received 10 test sessions of 20 trials. The first seven sessions for each

subject contained five standard trials, five reversed trials, five inverted/reversed trials,

three image/no-bait control trials, and two no-image/no-bait control trials. Baited no-

image control trials were not included because the subjects had already demonstrated
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that they were significantly more successful at finding the peanut when an image was

present (Experiment 3), and it was felt that test sessions should not be more than 20

trials long lest the subjects get bored or frustrated. However, for the last three test

sessions for each subject the no-bait control trials were replaced with baited no-image

control trials, so that it would be possible to compare success with and without an

image (to ensure that success in the different image conditions was still due to the

presence of an image and not simply extensive practice with the bait-board). By the

end of the experiment all five subjects had received a total of 50 standard trials, 50

reversed trials, 50 inverted/reversed trials, 15 no-image control trials, 21 image/no-bait

control trials, and 14 no-image/no-bait control trials.

Before testing began on a given day the experimenter prepared check sheets for

each subject's test session. First the order in which different image and control trials

occurred was determined at random, subject to the following constraints: unbaited

trials could not occur consecutively, and the same image condition could not occur on

consecutive trials (i.e. the orientation of the image changed from one trial to the next).

Once trial order was determined the placement of the peanut on each trial was chosen

in a quasi-random fashion. Peanut positions were randomly assigned for all of the no-

image control trials, then all of the standard trials, then the reversed trials, and finally

the inverted/reversed trials, subject to the following constraints: on two consecutive

trials the peanuts could not be in the same row or column, or within a one

compartment radius of each other; a compartment could be used only once in a

session; and within a session each column had to be baited equally often for each trial

condition.

During a trial the experimenter recorded each subject's attempts to find the peanut,

whether or not the subject was successful, and if so, the time taken to obtain the

peanut. An attempt was defined as any reach through a search hole that made contact

with some surface (i.e. reaching through and touching one of the shutters counted as

an attempt, whereas reaching the arm straight out and pulling it back did not). An

attempt ended when the hand was withdrawn through the search hole.
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RESULTS

independence of observations, individual analyses:

The success data for each subject were analysed with chi-square tests; however,

for a chi-square test to be valid, the observations must be independent. To ensure that

successes and failures were randomly distributed, Minitab was used to carry out a two-

tailed runs tests of randomness on the standard, reversed, inverted/reversed, and no-

image trials of each subject. The results were non-significant for all five subjects in all

four conditions, indicating that successes and failures were randomly distributed over

the course of the experiment. The independence of the observations meant the chi-

square analyses would be valid.

effect of practice on success, individual and group analyses:

To test whether any of the subjects became more successful at finding the peanut

over the course of the experiment, chi-square tests were calculated by hand for each

subject (using Siegel's formula for 2x2 contingency tables) comparing the frequency of

successes and failures for the first 25 versus the last 25 trials in the standard, reversed,

and inverted/reversed conditions. (There were too few no-image trials per subject to

carry out a comparable analysis.) One-tailed tests were used because it was assumed

that the subjects would improve with practice.

Table 5.2 lists each subject's percentage of successful trials in the first and second

halves of the experiment for the standard, reversed, and inverted/reversed conditions,

as well as the outcomes of the chi-square tests. The results were non-significant for all

subjects in each image condition, even though some subjects did show some

improvement in performance over the course of the experiment (e.g. Nancy in the

standard and inverted/reversed conditions). Mean percentage success was slightly

higher for the second half of trials in each image condition, but when the subjects were

tested as a group the results were non-significant for each image condition (one-tailed

sign tests). It is not surprising that the subjects showed no improvement in the
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standard and reversed conditions, since they had already received extensive experience

with these trial types in the preceding three experiments, and thus may already have

reached maximum performance (as suggested by the extremely high success rate in

each condition).

Table 5.2 Percentage of Successful Trials in Each Half of the Experiment
for Each Image Condition

standard reversed inverted/reversed

subject first second X2 first second X2 first second X2

Karlo 96 96 0.52 100 92 0.52 76 76 0.11

Bandit 96 96 0.52 92 88 0.00 76 56 1.43

Nancy 84 100 2.45 96 96 0.52 60 84 2.48

Sarah 84 96 0.89 92 100 0.52 56 72 0.78

Sylvain 96 100 0.00 80 92 0.66 88 96 0.27

mean 91 98 92 94 71 77

Notes. N=25 in each half of each condition for all subjects All chi-squares have df=l, N=50.

effect of column position on success, individual analyses:

In the previous experiment several subjects showed an effect of column position

on success, for either or both the standard image and no-image trials. However, it was

not possible to carry out chi-square tests on column position for the standard and

reversed trials in this experiment, since all five subjects had so few failures that the chi-

square tests were all invalid (too many cells with expected frequencies of less than

one). Table 5.3 lists the percentage of successful standard image trials and Table 5.4

the percentage of successful reversed image trials according to column for each

subject; for these two conditions, all five subjects appeared to be equally successful

with all columns of the bait-board.

Subjects were less successful on inverted/reversed trials, which meant that chi-

square tests were possible; Minitab was used to carry out a chi-square analysis for each

subject comparing the frequency of successful and failed trials for each column of the

bait-board. Table 5.5 lists each subject's percentage of successful inverted/reversed
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trials according to column, as well as the results of the chi-square tests. Only one

subject, Karlo, had a significant result; he was least successful with columns three and

four, the same pattern he showed on the no-image trials of Experiment 3. Sarah's chi-

square was nearly significant at the .05 level; she was least successful with column one,

the same result she obtained with the standard trials of Experiment 3. Although

Sylvain's chi-square nearly reached significance as well, 50% of the cells had expected

frequencies of less than one, which meant the chi-square was probably invalid.

There were too few no-image trials to perform valid chi-square analyses on the

data, but Table 5.6 lists each subject's percentage of successful no-image trials

according to column. Karlo and Bandit appeared to show an effect of column position

on success, but given that subjects received only three trials per column, any variation

could well have been due to chance. Comparing the mean percentage success for each

column in the four image conditions suggested that there was no consistent overall

effect of column position on success. Column five appeared to be slightly more

difficult than the other columns in the reversed condition, but less difficult in the

inverted/reversed condition, whereas there appeared to be no column effect in the

standard condition. Row effects were not tested again because they remained

consistent throughout the previous three experiments.

Table 5.3 Percentage of Successful Standard Image Trials for Each Column of the Bait-Board

subject column I column 2 column 3 column 4 column 5

Karlo 90 90 100 100 100

Bandit 100 90 90 100 70

Nancy 90 100 90 100 100

Sarah 90 90 100 100 100

Sylvain 100 80 80 80 90

mean 94 90 92 96 92

Note. N=10 in each column for every subject.
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Table 5.4 Percentage of Successful Reversed Image Trials for Each Column ofthe Bait-Board

subject column 1 column 2 column 3 column 4 column 5

Karlo 100 100 100 90 91

Bandit 100 100 100 100 80

Nancy 100 100 100 90 70

Sarah 80 100 90 100 80

Sylvain 100 100 90 100 100

mean 96 100 96 96 84

Note. N=10 in each column for every subject except Karlo, for whom N(col 1)=9 and N(col 5)=11.

Table 5.5 Percentage of Successful Inverted/Reversed Image Trials for Each
Column of the Bait-Board

subject column I column 2 column 3 column 4 column 5 X2

Karlo 82 80 30 30 100 15.8*

Bandit 70 40 60 70 90 5.9

Nancy 70 90 60 60 80 3.4

Sarah 30 80 90 60 60 9.2

Sylvain 100 100 70 90 100 9.2a

mean 70 78 62 62 86

Notes. N=10 in each column for every subject except Karlo, for whom N(col 1)=11 and N(col 5)=9. All chi-
squares have df=4, N=50, and 50% of cells with an expected frequency less than five.
aFifty percent of cells have an expected frequency less than one, chi-square probably invalid.
*P<.01

Table 5.6 Percentage of Successful No-Image Trials for Each Column of the Bait-Board

subject column I column 2 column 3 column 4 column 5

Karlo 100 0 67 100 67

Bandit 67 0 0 33 100

Nancy 67 100 67 67 33

Sarah 67 100 100 100 100

Sylvain 67 100 33 100 33

mean 74 60 53 80 67

Note. N=3 in each column for every subject.
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effect of image type on success, individual and group analyses:

The subjects had received no experience with inverted/reversed images prior to

the start of this experiment, whereas they already had considerable practice with both

standard and reversed images. To see whether the unfamiliar inverted/reversed image

had an effect on success, Minitab was used to calculate a two-tailed chi-square test for

each subject comparing the frequency of successful versus failed trials in the standard,

reversed, and inverted/reversed conditions. Table 5.7 lists the percentage of successful

trials in each condition for each subject, as well as the result of the chi-square tests.

The outcome was highly significant for four of the five subjects; in each case, the

subject was least successful with the unfamiliar inverted/reversed condition. The

exception was Sylvain (the albigena), who had similar success in all three conditions,

but was least successful in the standard image condition. Thus the inverted/reversed

image resulted in a significant reduction in performance for most subjects.

Table 5.7 Percentage of Successful Trials in Each Image Condition

subject standard reversed inverted/reversed X2

Karlo 96 96 76 14.0*

Bandit 90 96 66 18.8*

Nancy 96 92 82 14.3*

Sarah 96 90 64 20.8*

Sylvain 86 98 92 4.9a

mean 92.8 94.4 76.0

Notes. N=50 in each condition for every subject. All chi-squares have df=2, N=150.
a50% of cells have an expected frequency of less than five.
*p< 001

To test whether image type had an effect at the group level, a Friedman two-way

analysis of variance was calculated by hand comparing the percentage of successful

trials in each condition for all five subjects (Table 5.7). The result was non-significant

(X =4.9, N=5, k=3), so despite the fact that four out of five subjects were least

successful with inverted/reversed images, there was no significant overall effect of
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image type on success. This was partly due to the fact that some subjects were most

successful in the standard condition whereas others were most successful in the

reversed condition, so that there was no consistent effect across all three conditions at

the group level. However, comparing the mean percentage success for each condition

shows that the subjects as a group were much less successful in the inverted/reversed

condition, so a significant group level effect would probably have been detected if the

sample size had been larger.

The last three test sessions included no-image control trials as well as the

experimental image conditions, in order to confirm that the subjects' high success rates

were still due to the presence of an image and not to an increase in baseline efficiency

as a result of the cumulative effects of practice with the bait-board. Minitab was used

to calculate two-tailed chi-square tests for each subject comparing the frequency of

successes and failures in the last three test sessions for the standard, reversed,

inverted/reversed, and no-image conditions. Table 5.8 lists the percentage of

successful trials in each condition for each subject, as well as the outcome of the chi-

square tests. Four out of five subjects were least successful in the no-image condition,

but the outcome was significant for only two subjects, Bandit and Sylvain. The

exception was Sarah, who had an extremely high percentage success in the no-image

condition; this may have been a fluke due to the small sample size (only 15 trials), or

perhaps Sarah was searching more efficiently in all conditions due to her cumulative

experience with the bait-board.

The subject Bandit was clearly less successful in the inverted/reversed image

condition than either the standard or reversed image conditions. In addition, his

success in the inverted/reversed condition was similar to that in the no-image

condition, which suggests that this subject was not using the inverted/reversed image

to direct his search for the peanut. Sylvain was 100% successful in all three conditions

in which an image was present, whereas he was only 67% successful in the no-image

condition, which suggests that he was using the image to direct his search regardless of

its orientation. Sarah had similar success in all four conditions, the result of an
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extremely high percentage success for the no-image condition; however, she was least

successful with inverted/reversed trials. The data for the remaining two subjects, Karlo

and Nancy, are more difficult to interpret. Their success in the inverted/reversed

condition was less than in the standard and reversed conditions; however, it was also

greater than their success in the no-image condition. The presence of an

inverted/reversed image was clearly not as helpful as a standard or reversed image, but

it seemed to be better than no image at all. Thus it appeared that in the latter part of

the experiment, all of the subjects except Bandit derived some benefit from the

presence of an inverted/reversed image.

To test whether image type had an effect at the group level, a Friedman two-way

analysis of variance was calculated by hand on the data from the last three test

sessions, comparing the percentage of successful trials in each condition for all five

subjects (Table 5.8). The result was significant (X2=10.6, df=3, p<.05), indicating an

overall effect of image condition on success. The subjects were significantly less

successful in the no-image condition than either the standard or reversed conditions;

success in the inverted/reversed condition did not differ significantly from any of the

other conditions.

Table 5.8 Percentage of Successful Trials in Each Image Condition
(Last Three Test Sessions)

subject standard reversed inverted/reversed no-image X2

Karlo 86.7 100.0 86.7 66.7 6.7

Bandit 93.3 100.0 53.3 40.0 19.3*

Nancy 93.3 100.0 80.0 66.7 7.7

Sarah 100.0 100.0 86.7 93.3 3.9a

Sylvain 100.0 100.0 100.0 66.7 16.4*

mean 94.7 100.0 81.3 66.7

Notes. N=15 in each condition for every subject. All chi-squares have df=3, N=60, and 50% of cells with an

expected frequency less than five.
aFifty percent of cells with an expected frequency less than one, chi-square probably invalid.
♦pc.OOl
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factors affecting success, logit analysis:

As discussed previously, the use of multiple chi-square tests raises the possibility

of obtaining false positive results. The significant results discussed above are probably

valid, however, since in most cases the outcome was significant at p<.01 or less. (In

which case one would expect, on average, only one false positive for every 100 or

more tests.) Nevertheless, a logit analysis was carried out on all subjects' success data

taken together, to complement the more familiar chi-square analyses (see p. 83 for

more information on the logit analysis).

The analysis was carried out using three explanatory factors: subject (S), column

position (C), and experimental condition (E). Table 5.9 lists the deviance and degrees

of freedom associated with all of the tested models (a period indicates the interaction

between two factors); as deviance decreases the goodness of fit of the model

increases. To determine whether a more complex model with a smaller deviance was

significantly better at representing the data than a simpler model, a chi-square statistic

(X2) was calculated equal to the difference in the deviances, and this was compared to

a chi-square distribution with degrees of freedom equal to the difference in degrees of

freedom of the two models under investigation (one-tailed test). A non-significant

result indicated that the more complex model did not provide a marked improvement

over the simpler model. It should be stressed that this type of analysis does not

determine a single 'correct' model; the aim is to find a model that adequately represents

the data while at the same time providing economy in terms of the number of

parameters used.

The null model represented the grand mean of the observations, and gave a

baseline against which to compare the single factor models. Neither the subject model

(S) nor the column position model (C) differed significantly from the null model

(X2=6.27, df=4 and X2=2.65, df=4, respectively), which meant that in this experiment

subject and column position taken in isolation had no effect on the overall probability

of success. The experimental condition model (E), however, was significantly better at
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representing the data than the null model (X2=80.92, df=3, p<001), which meant that

the type of image had a significant effect on overall success.

Table 5.9 Results of Logit Analysis for Various Fitted Models

fittedmodel deviance degrees offreedom

null 257.76 99

S 251.49 95

C 255.11 95

E 176.84 96

S + C 248.82 91

S + E 169.90 92

C + E 173.88 92

s + c + s.c 213.52 75

S + E + S.E 139.67 80

C + E + C.E 148.00 80

S + C + E 166.90 88

S+C+E+SC 127.75 72

S + C + E + S.E 136.52 76

S + C + E + C.E 140.83 76

S + C + E + S.C + S.E 95.63 60

S + C + E + S.C + C.E 99.76 60

S + C + E + S.E + C.E 109.51 64

S + C + E + S.C + S.E + C.E 66.22 48

Note. S=subject (5 levels), C=column position (5 levels), E=experimental condition (4 levels). A period
indicates an interaction between 2 factors. Chosen models in bold type.

Of the two factor models, subject plus column position (S+C) had a higher

deviance than experimental condition (E), and neither subject plus experimental

condition (S+E) nor column position plus experimental condition (C+E) had a

significantly lower deviance than experimental condition alone (X2=6.94, df=4 and X2

=2.69, df=4, respectively). However, the drop in deviance between the E and S+E

models was fairly large, even if it did not reach significance (£<.15). The drop in
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deviance between model E and the model with all three factors (S+C+E) was also

fairly large but did not reach significance (X2=9.94, df=8, £<20).
Based on these results it appeared that the model using just experimental

condition provided an adequate description of the data. However, when testing the

various two factor plus interaction models (rows 9-11, Table 5.9), the model subject

plus experimental condition plus subject/condition interaction (S+E+S.E) proved to

have a significantly lower deviance than the model with experimental condition alone

(X2=37.17, df=16, p<.01). It seemed strange to me that the addition of the subject

factor should be non-significant in some models but significant in others, so I

consulted Dr. Gordon. He informed me that "This kind of thing can happen.

S+E+S.E is the indicated model [rather than E alone]. Although not significant at

conventional levels, S+E does produce a marked reduction in deviance over E

(perhaps sig. at 15%)." (personal communication). Continuing this process of

comparing progressively more complex models, the model subject plus column

position plus experimental condition plus all two-way interactions

(S+C+E+S.C+S.E+C.E) proved to have a significantly lower deviance than all other

tested models. For example, the difference in deviance between the model (S+E+S.E)

and the selected model was X2=73.45, df=32, £<.001.
For any given model GLIM will list the estimate and the standard error of the

estimate for each of the parameters (factor levels). Indeterminacy is avoided by

parameterizing the data such that the first level of each factor is set to zero, known as

'aliasing'. To compare the different levels of a factor one can use the approximation

that if the estimate of a given parameter is two or more standard errors in size, the

difference between that parameter and the aliased parameter is large enough to be

significant (see p. 86 for further discussion). Alternatively, one can recast the data

matrix to reduce the number of levels in a factor (grouping together all levels that are

thought to have the same effect), and compare the deviance of the new model to the

old model in the standard way. If the simplified model with fewer factor levels is not

significantly different from the old model, it can be taken as a better (more economical)
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representation of the data. The latter method should be used when making multiple

comparisons between parameters, but the first method is useful for determining which

levels of a factor are most likely to group together.

Table 5.10 lists the parameter estimates and standard errors for the main effects of

the model indicated by the exploratory chi-square analyses, i.e.

(S+C+E+S.C+S.E+C.E). As one can see from the table, experimental condition was

the only factor with a very large effect: subjects were slightly more successful with

reversed trials than with standard image trials, whereas inverted/reversed trials were

clearly much more difficult than standard trials (estimate/s.e. value of -2.10), and

success on no-image trials was also much less than on standard trials (estimate/s.e.

value of-1.74).

Table 5.10 Parameter Estimates and Standard Errors for Main Effects of Selected Model

parameter identity estimate standard error estimate/s.e.

S(2) Sarah -1.83 1.32 -1.39

S(3) Nancy -0.93 1.32 -0.70

S(4) Bandit -0.83 1.24 -0.67

S(5) Sylvain -0.86 1.50 -0.57

C(2) column 2 -1.47 1.21 -1.21

C(3) column 3 -0.42 1.29 -0.33

C(4) column 4 -0.47 1.34 -0.35

C(5) column 5 0.13 1.35 0.10

E(2) reversed 0.90 1.60 0.56

E(3) inverted/rev -2.37 1.13 -2.10

E(4) no-image -2.30 1.32 -1.74

Notes. S=subject, C=column position, E=experimental condition. The first level of each factor is
aliased to zero.

Although the chosen model indicated a main effect of both subject and column

position, the estimate/s.e. values were all less than two; this meant that the size of the

effect was small, and it was not possible to determine which factor levels differed

significantly from each other. The four listed subjects were all somewhat less
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successful than subject one (Karlo), and columns two to four were slightly more

difficult and column five slightly less difficult than column one. All of these results

correspond to the results of the chi-square analyses obtained in the preceding sections.

As one can see by looking at Tables 5.3 to 5.6, there were no obvious individual

differences in overall success, nor was there an obvious main effect of column position

on success. In contrast, it is clear from Tables 5.7 and 5.8 that experimental condition

had a significant main effect on success.

To see if the different experimental conditions could be split into two groups

based on success, the data matrix was first recast so that standard, reversed, and no-

image trials formed one level, and inverted/reversed trials formed the other level. The

deviance of the new, simpler model was significantly larger than that of the original

model (X2=38.87, df=2, p<001), so it was not the case that the inverted/reversed

condition was significantly more difficult than all of the other three. The data matrix

was recast a second time, this time grouping together standard and reversed trials as

level one, and inverted/reversed and no-image trials as level two. When the logit

analysis was rerun, the deviance of the simpler model was not significantly higher than

that of the original model (X2=1.2, df=2), thus inverted/reversed trials and no-image

trials were both significantly more difficult than either standard or reversed trials. This

indicates that at least some of the subjects were unable to use the inverted/reversed

images to direct their search for the hidden peanut, and highlights the importance of

individual level analyses such as the chi-square tests for detecting differences between

the subjects.

In addition to the parameters listed in Table 5.10, the GLIM output for the model

(S+C+E+S.C+S.E+C.E) listed parameter estimates and standard errors for 40

interactions, such as S(2).C(2), S(3).E(2), or C(5).E(4). There were only 40 because

certain interactions were aliased to zero and therefore not listed in the output (i.e. all

interactions involving S(l), C(l), or E( 1)). The majority of these interactions were

non-significant, so in the interests of economy and clarity of presentation they were

not listed in Table 5.10.
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In fact only five interactions had estimate/s.e. values ofmore than two, indicating

a large (and therefore probably significant) effect. Subject two (Sarah) was much

more successful with columns two, three, and four than she was with column one

(estimate/s.e. values of 2.51, 3.44, and 3.10, respectively), whereas subject three

(Nancy) was much more successful with column two than column one (estimate/s.e.

value of 2.09). These patterns can be seen if one looks closely at Tables 5.3 to 5 .6,

but they are far from obvious. A subject/column position interaction that appeared

very obvious from the chi-square analyses but that was not indicated by the logit

analysis was Karlo's, who was far less successful with columns three and four than the

outer columns in the inverted/reversed condition (Table 5.5). However, since Karlo

was very successful with these two columns in the other image conditions, this is in

fact a three way interaction (subject/column/condition), which explains why the two-

way interaction was not indicated by the logit analysis.

Only one significant subject/condition interaction was indicated: subject five

(Sylvain) was much more successful in the inverted/reversed condition than the

standard condition (estimate/s.e. value of 3.34), but he was also more successful in the

reversed condition that the standard condition (estimate/s.e. value of 1.70). Once

again this confirms the results of the chi-square analyses; one can see from Table 5.7

that Sylvain was the only subject to be more successful with inverted/reversed trials

than with standard trials.

The estimate/s.e. values for the column/condition interactions were all less than

two, so it was not possible to say which combinations of column and experimental

condition differed from each other. Given that estimate/s.e. is essentially a measure of

effect size, the fact the column/condition interaction was included in the model yet the

estimate/s.e. values were less than two standard errors for all of the listed parameters

suggests that this interaction effect was significant but very small. Overall, the logit

analysis confirmed all of the results obtained with the chi-square tests in the previous

sections, in addition to highlighting more subtle patterns in the data that were not made

evident by the chi-square analyses.
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Although the model (S+C+E+S.C+S.E+C.E) represented the best fit to the data,

having as it did a significantly smaller deviance than all of the other models, it lacked

the advantage of economizing on parameters. The aim of this sort of analysis is not

only to get the model with smallest possible deviance (and therefore the best fit to the

data), but also the model with the fewest possible parameters (thereby making

interpretation of the data easier). With this in mind, I decided to investigate the model

that used only the experimental condition factor, as it provided a good compromise

between economy of parameters and small deviance. It is clear from the estimate/s.e.

values in Table 5.10 that experimental condition was the only factor that had a very

large effect on success, so it seemed reasonable to summarize the data thus.

Table 5.11 lists the estimates and standard errors for the different levels of the

experimental condition model. The estimate/s.e. value for level two (reversed

condition) was 1.08, which meant that subjects were more successful overall with

reversed images than with standard images (the aliased parameter), but the difference

was not significant. The estimate/s.e. values for levels three and four

(inverted/reversed and no-image conditions, respectively) were negative and more than

two standard errors, indicating that the subjects were significantly less successful

overall in the these two conditions relative to the standard image condition.

Table 5.11 Parameter Estimates and Standard Errors for Main Effects of Selected Model

parameter identity estimate standard error estimate/s. e.

E(2) reversed 0.27 0.25 1.08

E(3) inverted/rev -1.63 0.37 -4.41

E(4) no-image -1.86 0.35 -5.31

Notes. E=experimental condition. The first level of the factor (standard image) is aliased to zero.

When investigating the model (S+C+E+S.C+S.E+C.E) it was found that

experimental condition could be recast into two levels according to success: standard

and reversed trials versus inverted/reversed and no-image trials. The same was of
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course true when using the simpler model with only factor E; the chi-square test on the

difference in the deviance between the two models was non-significant (X =1.20,

df=2). Overall, then, the data can be most simply described by saying that the

probability of success on a given trial depended primarily on the type of image

available; subjects were more likely to succeed when given a standard or reversed

image than when given an inverted/reversed image or no image.

effect ofpractice on time to find peanut, individual analyses:

To test whether, over the course of the experiment, any subjects demonstrated a

decrease in the time required to find the peanut, SPSS for Windows was used to

calculate four Kendall rank correlations for each subject, comparing times in the four

image conditions (standard, reversed, inverted/reversed, no-image) to trial number

(Table 5.12). Trials for each condition were numbered consecutively starting at one,

rather than using the overall trial number. Non-parametric Kendall rank correlations

rather than parametric regression analyses were used so that failed trials could be

assigned an arbitrary value of 60 seconds and included in the analysis. (In addition, the

data were not normally distributed.) One-tailed tests were used because the direction

of the correlation was predicted in advance (it was assumed that the amount of time

taken to find the peanut would decrease with practice).

Only one subject, Bandit, showed a significant decrease in time taken to find the

peanut over the course of the standard image trials; however, Sylvain came very close

to having a significant result as well (p=.052). Three subjects (Bandit, Sarah, Sylvain)

showed a significant improvement in times to find the peanut for reversed trials, and

another three (Nancy, Sarah, Sylvain) showed significant improvement across the

inverted/reversed trials. Only one subject, Sylvain, had a significant decrease in time

taken to find the peanut across the no-image trials. When failed trials in which the

peanut was knocked out of the bait-board were assigned the time after which the

peanut fell (rather than the arbitrary value of 60 seconds) and the correlations were

redone, the outcome was the same for all subjects in all conditions, with one exception:
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Karlo showed a significant improvement in time to find the peanut across standard

image trials (x=-.225, p=.014). Given that 40 separate correlations were carried out

there is a risk of false positive results, so the outcomes that were significant at only .05

should be regarded with some caution.

Table 5.12 Kendall Rank Correlations Between Time Taken to Find Peanut and Trial
Number for Each Image Condition

subject standard reversed inverted/reversed no-image

Karlo -.16 -.12 -.15 .07

Bandit -.29** - 29** .07 .07

Nancy .01 -.08 -.27** -.06

Sarah -.09 -.18* -.30** -.15

Sylvain -.16 -.18* -.17* -.34*

Note. N=50 for standard, reversed, and inverted/reversed conditions, N=15 for no-image condition.
*E<.05 **E<01

All five subjects had recently received extensive experience with standard trials in

Experiment 3, and most of them had shown a significant decrease in time taken to find

the peanut over the course of that experiment, so the fact that so few subjects showed

improvement in the standard condition in this experiment might have been because

most of the subjects were already searching as fast as they could. The significant result

obtained by Sylvain in the no-image condition is unusual, since none of the other

subjects in this or the previous experiment showed a significant improvement in times

across no-image trials. This cannot be attributed to small sample sizes, for in

Experiment 3 subjects received from 30 to 50 no-image trials. There are two possible

explanations: either Sylvain was showing a general improvement in search efficiency as

a result of his extensive practice with the bait-board, irrespective of condition

(supported by the fact that he had significant or near significant negative correlations in

all four conditions); or the result might have been a false positive.
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Figures 5.3 to 5.7 give a graphic representation of the changes in time to find the

peanut according to condition for each subject. Trials were grouped into blocks of 10

for the three image conditions and blocks of 5 for the no-image condition, then the

median time for each block was calculated and plotted for each subject. Median times

were used so that failed trials could be assigned a value of 60 seconds and included in

the analysis. The no-image trials were all given in the last three test sessions, rather

than early on in the experiment as the graphs might suggest.
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Figure 5.3 Median time taken by the subject Karlo to find the hidden peanut in the standard,
reversed, inverted/reversed, and no-image conditions. Image trials are grouped into blocks of
10 and no-image trials into blocks of 5, but during testing all four trial types were randomly
presented across 10 test sessions (the 15 no-image trials all occurred within the last three
sessions), and the type of trial always changed from one trial to the next. The changes in time
to find the peanut were non-significant in all four conditions.
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Figure 5.4 Median time taken by the subject Bandit to find the hidden peanut in the standard,
reversed, inverted/reversed, and no-image conditions. There was a significant decrease in time
to find the peanut across the standard and reversed trials.
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Figure 5.5 Median time taken by the subject Nancy to find the hidden peanut in the standard,
reversed, inverted/reversed, and no-image conditions. There was a significant decrease in time
to find the peanut across inverted/reversed trials.
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Figure 5.6 Median time taken by the subject Sarah to find the hidden peanut in the standard,
reversed, inverted/reversed, and no-image conditions. There was a significant decrease in time
to find the peanut across reversed and inverted/reversed trials.
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Figure 5.7 Median time taken by the subject Sylvain to find the hidden peanut in the standard,
reversed, inverted/reversed, and no-image conditions. There was a significant decrease in time
to find the peanut across reversed, inverted/reversed, and no-image trials.
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Based on the appearance of the graphs the subjects can be divided into three

distinct groups. Karlo, Nancy, and Sarah initially all took much longer to find the

peanut on inverted/reversed trials than either standard or reversed trials, but their

performance improved gradually over the course of the experiment till they were

almost as fast in the inverted/reversed condition as the other two image conditions.

Bandit was also much slower in the inverted/reversed condition, but unlike the

previous three subjects his performance did not improve over the course of the

experiment. Sylvain was the only subject who showed no difference in the time taken

to find the peanut for the inverted/reversed, standard, or reversed conditions, from the

very start of the experiment. In addition, Sylvain was the only subject to improve

significantly across no-image trials.

effect of practice on time to find peanut, group analysis:

Figure 5 .8 gives an idea of the overall trends in time taken to find the peanut when

all five subjects were analysed together. Trials were grouped into blocks of 10 for the

three image conditions and blocks of 5 for the no-image condition, then the median

time for each block was calculated for each subject (see Figs. 5.3 to 5.7). Median

times were used so that failed trials could be assigned a value of 60 seconds and

included in the analysis. The group's mean time for each block was then calculated and

plotted. As one can see from the graph, there appeared to be no improvement with

practice in the standard or reversed image conditions, whereas there was considerable

improvement in the inverted/reversed and no-image conditions. However, a Kendall

tan rank correlation was calculated by hand for each condition comparing the mean

time in each block to block number, and the results were significant for the standard

(t=-1.00, p=.008) and inverted/reversed (t=-1.00, p=.008) conditions. The correlation

for the reversed condition was x=-,60 (p=. 117); there were too few data to do a

correlation for the no-image condition. In addition, one can see that as a group the

subjects were much faster with both the standard and reversed trials than either the no-

image or inverted/reversed trials.
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Figure 5.8 Mean time taken to find the hidden peanut in the standard, reversed,
inverted/reversed, and no-image conditions. The various image trials are grouped into blocks
of 10 and no-image trials into blocks of 5, but during testing all four types of trial were
randomly presented across 10 test sessions (the 15 no-image trials all occurred within the last
three sessions), and the type of trial always changed from one trial to the next. There was a
significant decrease in time to find the peanut across standard and inverted/reversed trials only.

effect of column position on time to find peanut, individual analyses:

To test whether the time taken to find the peanut varied according to its column

position, Minitab was used to carry out a separate Kruskal-Wallis one-way analysis of

variance on the standard, reversed, inverted/reversed, and no-image trials of each

subject, comparing times to find the peanut for the different columns. Tables 5.13,

5.14, 5.15, and 5.16 list each subject's median time for each column, as well as the

outcomes of the Kruskal-Wallis tests, for each of the four image conditions. A non-

parametric Kruskal-Wallis test was used rather than a parametric ANOVA so that

failed trials could be assigned an arbitrary value of 60 seconds and included in the
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analysis. (The Kruskal-Wallis test converts data values to ranks, so the use of an

arbitrary value for failed trials does not distort the test results.) In addition, the data

were not normally distributed.

Table 5.13 Median Time (sec) to Find Peanut for Each Column of the Bait-Board
(Standard Trials)

subject column 1 column 2 column 3 column 4 column 5 H

Karlo 9.0 8.0 3.5 4.0 5.5 14.20**

Bandit 5.5 8.5 7.0 6.0 12.0 7.62

Nancy 21.0 7.5 11.5 22.0 12.5 7.58

Sarah 11.5 11.0 14.5 10.0 15.0 1.75

Sylvain 9.0 12.0 19.5 20.0 6.0 10.42*

mean 11.2 9.4 11.2 12.4 10.2

Notes. N=10 in each column for every subject. All H adjusted for ties with df=4 (Kruskal-Wallis test).
*2< 05 **e<.01

Table 5.14 Median Time (sec) to Find Peanut for Each Column of the Bait-Board
(Reversed Trials)

subject column 1 column 2 column 3 column 4 column 5 H

Karlo 9.0 8.0 4.0 5.0 10.0 15.66**

Bandit 8.0 7.5 5.0 5.5 9.5 5.45

Nancy 9.5 7.5 6.0 15.0 19.5 9.77*

Sarah 16.5 5.0 9.0 13.5 18.0 6.37

Sylvain 7.0 12.5 19.5 5.0 15.0 4.08

mean 10.0 8.1 8.7 8.8 14.4

Notes. N=10 in each column for every subject except Karlo, for whom N(col l)=9 and N(col 5)= 11. All H
adjusted for ties with df=4 (Kruskal-Wallis test).
*p< 05 **p< 01

Karlo demonstrated a significant effect of column position on time to find the

peanut for the standard (p<01), reversed (p<01), and inverted/reversed trials (p<05).

The outcome for the no-image trials was non-significant, but the small sample size

meant the power of the test was very low. For the standard and reversed conditions
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Karlo was much faster with column three than with columns one or five; however, for

the inverted/reversed and no-image conditions he was slowest with column three. This

result suggests that Karlo might have treated the inverted/reversed image as though

there was no image present.

Table 5.15 Median Time (sec) to Find Peanut for Each Column of the Bait-Board
(Inverted/Reversed Trials)

subject column 1 column 2 column 3 column 4 column 5 H

Karlo 23.0 24.5 60.0 9.5 27.0 10.78*

Bandit 35.5 60.0 29.5 33.5 22.5 4.74

Nancy 39.0 16.5 55.0 55.0 32.5 6.78

Sarah 60.0 30.0 30.5 42.0 41.5 3.64

Sylvain 9.0 10.5 14.5 10.5 6.0 3.62

mean 33.3 28.3 37.9 30.1 25.9

Notes. N=10 in each column for every subject except Karlo, for whom N(col 1)=11 and N(col 5)=9. All H
adjusted for ties with df=4 (Kruskal-Wallis one-way ANOVA).
*P<.05

Table 5.16 Median Time (sec) to Find Peanut for Each Column of the Bait-Board
(No-Image Trials)

subject column 1 column 2 column 3 column 4 column 5 H

Karlo 13.0 60.0 59.0 23.0 28.0 7.35

Bandit 6 0 60.0 60.0 60.0 10.0 9.03

Nancy 5.0 24.0 24.0 17.0 60.0 4.13

Sarah 27.0 20.0 36.0 53.0 46.0 5.70

Sylvain 15.0 7.0 60.0 11.0 60.0 8.21

mean 13.2 34.2 47.8 32.8 40.8

Notes. N=3 in each column for every subject. All H adjusted for ties with df=4 (Kruskal-Wallis test).

Bandit and Sarah had non-significant results for all four tests, so for these two

subjects there was no effect of column position on time to find the peanut in any

condition. Nancy was fastest (p<05) with column three for the reversed trials, but

showed no column effect in any other condition. Sylvain was significantly faster
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(j}< 05) with column one versus column four in the standard condition, but had no

significant effect of column for the other trial types. Given that a total of 20

independent Kruskal-Wallis tests were carried out, there is a considerable risk of

obtaining a false positive result. For this reason the column effects attributed to Nancy

and Sylvain should be treated with some caution, since they were significant at only

.05.

effect of column position on time to find peanut, group analysis:

To test whether there was an overall effect of column position on time to find the

peanut a Friedman two-way analysis of variance was calculated by hand for each image

condition, comparing the median times of each subject for the different columns

(Tables 5.13 to 5.16). Median rather than mean times were used so that failed trials

could be assigned an arbitrary value of 60 seconds and included in the analysis. The

use of an arbitrary value did not bias the outcome because the Friedman test converts

the data values to ranks. The test was non-significant for the standard (X2=0.48,
df=4), inverted/reversed (X2=2.60, df=4), and no-image (X2=6.20, df=4) conditions,
but was significant at p<05 for the reversed condition (X =10.24, df=4). An overall

effect of column position on time to find the peanut was therefore only observed for

the reversed image condition, in which column three was significantly faster than

column five (two of the five subjects had a significant individual result in this condition,

and both were fastest with column three and slowest with column five). There did not

appear to be an overall effect of column position on time that was consistent across all

four conditions; this corresponds to the outcome of the logit analysis of the success

data, which also indicated no overall effect of column position.

effect of image type on time to find peanut, individual and group analyses:

Subjects received no practice with inverted/reversed images prior to the start of

this experiment, whereas they already had considerable experience with both standard

and reversed images. To test whether the amount of time subjects took to find the
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peanut was affected by the unfamiliar inverted/reversed images, Minitab was used to

calculate a Kruskal-Wallis one-way analysis of variance for each subject, comparing

time taken to find the peanut on standard, reversed, and inverted/reversed trials. Failed

trials were assigned an arbitrary value of 60 seconds and included in the analysis.

Table 5.17 lists the median time in each condition for each subject, as well as the

outcome of the Kruskal-Wallis tests. Four out of five subjects demonstrated a highly

significant effect of condition, being much slower with the inverted/reversed trials.

The exception was Sylvain (the albigena), who was slightly slower in the standard

condition relative to the other two (non-significant).

Table 5.19 Median Time (sec) to Find Peanut for Each Image Condition

subject standard reversed inverted/reversed H

Karlo 6.0 7.0 30.0 39.97*

Bandit 7.0 6.0 33.0 32.48*

Nancy 13.0 9.0 37.5 28.35*

Sarah 13.0 11.5 38.5 30.82*

Sylvain 11.5 7.5 8.0 4.73

mean 10.1 8.2 29.4

Notes. N=50 in each condition for every subject. All H adjusted for ties with df=2 (Kruskal-Wallis test)
*E<001

Neither Minitab nor SPSS provides the option of doing a post hoc analysis with a

Kruskal-Wallis test. However, it is possible to get an idea ofwhich conditions actually

differ by calculating the 95% sign confidence interval for the median time of each

condition and comparing the intervals; if they do not overlap, there is probably a

significant difference between the conditions. Although in this case the differences

were so large that this sort of analysis was not really necessary, nevertheless Table

5.18 lists the 95% sign confidence intervals for the median times of each condition.

Karlo, Bandit, Nancy, and Sarah were all significantly slower with inverted/reversed

trials than either standard or reversed trials, and these latter two conditions did not
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differ significantly. There was considerable overlap between all three confidence

intervals for the subject Sylvain, indicating no significant differences between any of

the conditions. This same pattern of results was obtained with the success data.

Table 5.18 95% Sign Confidence Interval ofMedian Time (sect to Find Peanut for Each
Image Condition

subject standard reversed inverted/reversed

Karlo 5-7 5-8 15-43

Bandit 6-10 5-9 20-52

Nancy 8-17 7-14 26-52

Sarah 9-16 8-17 23-59

Sylvain 9-15 5-11 7-13

Note. N=50 in each condition for each subject.

To test whether there was an overall effect of image type on time to find the

peanut, a Friedman two-way analysis of variance was calculated by hand comparing

median times in each condition for all five subjects (Table 5.17). Median rather than

mean times were used so that failed trials could be assigned a value of 60 seconds and

included in the analysis. The result was significant (X2=6.4, N=5, k=3, p=.039). As a

group, the subjects took longer to find the peanut on inverted/reversed trials than they

did on standard or reversed trials ; however, post hoc multiple comparisons indicated

that only the difference between the reversed and the inverted/reversed conditions was

significant. This pattern of results complements those obtained from the success data:

subjects were both slowest and least successful with inverted/reversed trials.

The last three test sessions contained no-image control trials as well as the various

image trials. To test whether the presence or absence of an image had an effect on

time to find the peanut, Minitab was used to calculate a Kruskal-Wallis one-way

analysis of variance for each subject, comparing time to find the peanut on standard,

reversed, inverted/reversed, and no-image trials (for the last three test sessions). Failed

trials were assigned an arbitrary value of 60 seconds and included in the analysis.
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Table 5.19 lists the median times in each condition for each subject, as well as the

outcome of the Kruskal-Wallis tests; image condition had a significant effect on time to

find the peanut for all five subjects.

Table 5.19 Median Time (sec) to Find Peanut in Each Image Condition
(Last Three Test Sessions)

subject standard reversed inverted/reversed no-image H

Karlo 4 5 12 25 23.03**

Bandit 5 4 55 60 30.56**

Nancy 13 9 28 24 9.84*

Sarah 13 8 14 36 16.49**

Sylvain 11 7 6 17 11.09*

mean 9 7 23 32

Notes. N=15 in each condition for every subject. All H adjusted for ties with df=3 (Kruskal-Wallis test).
*2< 05 **2< 001

Table 5.20 95% Sign Confidence Interval ofMedian Time (sec) to Find Peanut for Each
Image Condition

subject standard reversed inverted/reversed no-image

Karlo 3-8 4-9 8-38 16-60 !
Bandit 3-7 3-5 15-60 10-60

Nancy 7-22 7-15 13-46 12-60

Sarah 8-16 5-19 10-23 23-51

Sylvain 5-14 3-14 2-12 9-60

Note. N=15 in each condition for each subject.

In lieu of a formal post hoc analysis, the 95% sign confidence interval for the

median time of each condition was calculated for each subject using Minitab (Table

5.20), and if the intervals for any two conditions had little overlap, those conditions

were assumed to differ significantly. Thus, Karlo was significantly slower in the no-

image condition than the standard or reversed condition. In addition, Karlo was

significantly slower on inverted/reversed trials than he was on standard trials, and
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possibly reversed trials as well (these two intervals do overlap, but only just). Bandit's

performance was divided neatly according to condition: both inverted/reversed and no-

image trials were significantly slower than both standard and reversed trials. For

Nancy there was at least some overlap between all four confidence intervals due to

large variations in time to find the peanut; however, the conditions that had the least

overlap (differed the most) were reversed and inverted/reversed. Sarah and Sylvain

were significantly slower on no-image trials than either standard, reversed, or

inverted/reversed trials, and these last three conditions did not differ significantly from

each other. Based on these results, it would appear that Sarah and Sylvain were able

to benefit from the presence of an image regardless of its orientation, Karlo derived

some benefit from the inverted/reversed image, and Bandit and Nancy reacted to the

inverted/reversed image as though there was no image present. For Karlo, Bandit,

Nancy, and Sylvain the time and success data corresponded, i.e. subjects were fastest

in those conditions in which they were most successful. The same would have been

true for Sarah but for her exceptionally high success in the no-image condition.

To test whether image type had an effect at the group level, a Friedman two-way

analysis of variance was calculated by hand comparing the median time in each

condition for all five subjects (Table 5.19). Failed trials were assigned a value of 60

seconds and included in the analysis. The result was significant (X2=9.72, df=3,

g< 05), indicating an overall effect of image condition on time to find the peanut.

Although it would appear from the mean times for each condition that the standard and

reversed conditions were much faster than both the inverted/reversed and no-image

conditions, the significant difference was between the no-image condition and the

standard and reversed conditions; the inverted/reversed condition did not differ

significantly from any of the other conditions. The same pattern was obtained with the

success data.
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effect of practice on attempts to find peanut, individual analyses:

To test whether over the course of the experiment any subjects demonstrated a

decrease in the number of search attempts required to find the peanut, SPSS for

Windows was used to calculate four Kendall rank correlations for each subject,

comparing the number of attempts per trial in each image condition (standard,

reversed, inverted/reversed, no-image) to trial number (see Table 5.21). Trials for

each condition were numbered consecutively starting at one, rather than using the

overall trial number. One-tailed tests were used because the direction of the

correlation was predicted in advance (it was assumed that number of attempts would

decrease with practice).

Table 5.21 Kendall Rank Correlations Between Number ofAttempts to Find Peanut and
Trial Number for Each Image Condition

subject standard reversed inverted/reversed no-image

Karlo -.13 .03 -.14 .14

Bandit -.21** -.17 .06 -.23

Nancy .05 -.06 -.21* -.09

Sarah -.05 -.01 -.24** -.52**

Sylvain -.13 -.14 -.07 .23

Note. N=50 for standard, reversed, and inverted/reversed conditions, N=15 for no-image condition.
*2< 05 **E< 01

The only subject to show a significant reduction in the number of attempts taken

to find the peanut in the standard condition was Bandit, who also showed a significant

improvement in time to find the peanut for this condition. Bandit also had a nearly

significant (p=.059) negative trend for the reversed condition, corresponding to the

significant improvement in time he demonstrated for this condition. Two subjects,

Nancy and Sarah, had significant negative correlations for the inverted/reversed

conditions; over the course of these trials they required fewer attempts to find the

peanut, just as they required less time to find the peanut. Sarah was the only subject

with a significant negative correlation for the no-image condition. Although Sylvain
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had demonstrated a significant improvement in time for three of the four image

conditions, and the other subjects had similar trends for both their time and attempts

data, Sylvain did not show a significant improvement in the number of attempts per

trial for any of the conditions.

effect of practice on attempts to find peanut, group analysis:
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Figure 5.9 Mean number of attempts to find the hidden peanut in the standard, reversed,
inverted/reversed, and no-image conditions. The various image trials are grouped into blocks
of 10 and no-image trials into blocks of 5, but during testing all four types of trial were
randomly presented across 10 test sessions (the 15 no-image trials all occurred within the last
three sessions), and the type of trial always changed from one trial to the next. There was a

significant decrease in the number of attempts to find the peanut across standard trials.

Figure 5.9 gives an idea of the overall trends in number of attempts per trial to

find the peanut according to condition. Trials were grouped into blocks of 10 for the
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three image conditions and blocks of 5 for the no-image control condition, then each

subject's mean number of attempts per trial for was calculated for each block. These

values were averaged to determine the overall mean number of attempts per trial for

each block, which were then plotted. As one can see from the graph, there was no

improvement with practice in the no-image condition and practically no improvement

in the standard or reversed image conditions, whereas the mean number of attempts to

find the peanut did appear to decrease across inverted/reversed trials. However, when

a Kendall tau rank correlation was calculated for each condition, only the standard

condition showed significant improvement (t=-,80, p=.042). The correlations for the

reversed and inverted/reversed conditions were x=-.74 (p=. 117) and x=-.53 (p=.242),

respectively. It was not possible to do a correlation for the no-image condition. In

addition, one can see that subjects required fewer attempts to find the peanut in the

standard and reversed conditions than either the no-image or inverted/reversed

conditions.

effect of image type on attempts to find peanut, individual and group analyses:

Given that on a single search attempt subjects would usually investigate more than

one column, there was no point in testing to see whether the number of attempts to

find the peanut varied according to column position. To test whether the unfamiliar

inverted/reversed image affected the number of attempts required to find the peanut,

Minitab was used to calculate a Kruskal-Wallis one-way analysis of variance for each

subject, comparing the number of attempts per trial in the standard, reversed, and

inverted/reversed conditions. Table 5.22 lists each subject's mean number of attempts

per trial for each experimental condition, as well as the outcomes of the Kruskal-

Wallis tests.

The differences between conditions were large enough that recourse to confidence

intervals was not really necessary; nevertheless, Table 5.23 lists the 95% t confidence

intervals for the condition means. All four torquatus subjects made significantly more

attempts per trial in the inverted/reversed condition than in the other two conditions.
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The exception was Sylvain, the albigena, who made the same number of attempts per

trial regardless ofwhat type of image was present. Over the course of this experiment,

therefore, the four torquatus subjects performed significantly worse in the

inverted/reversed condition in terms of success, time to find the peanut, and number of

attempts to find the peanut, whereas the albigena, Sylvain, performed equally well in

all three conditions.

Table 5.22 Mean Number ofAttempts to Find Peanut for Each Image Condition

subject standard reversed inverted/reversed H

Karlo 1.3 1.3 2.4 32.75*

Bandit 2.0 2.0 3.9 36.87*

Nancy 2.0 2.2 3.3 23.32*

Sarah 2.1 2.2 3.9 32.53*

Sylvain 2.9 2.7 3.4 0.91

mean 2.1 2.1 3.4

Notes. N=50 in each condition for every subject. All H adjusted for ties with df=2 (Kruskal-Wallis test).
*E<001

Table 5.23 95% t Confidence Interval ofMean Number of Attempts to Find Peanut
for Each Image Condition

subject standard reversed inverted/reversed

Karlo 1.2-1.5 1.2-1.5 2.1-2.7

Bandit 1.6-2.3 1.7-2.2 3.3-4.5

Nancy 1.8-2.3 1.8-2.6 2.8-3.7

Sarah 1.8-2.4 1.8-2.5 3.4-4.5

Sylvain 2.5-3.3 2.2-3.2 2.6-4.2

Note. N=50 in each condition for every subject.

To test whether image type had a group level effect on the number of attempts to

find the peanut, a Friedman two-way analysis of variance was calculated by hand

comparing the mean number of attempts per trial in each condition for all five subjects
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(Table 5.24). The result was significant (X2=7.6, N=5, k=3, £=.024); overall, subjects
made more attempts to find the peanut in the inverted/reversed condition.

The last three test sessions included no-image control trials as well as the three

types of experimental trial. To test whether subjects made more attempts when there

was no image to direct their search, Minitab was used to calculate a Kruskal-Wallis

one-way analysis of variance for each subject, comparing number of attempts to find

the peanut in the standard, reversed, inverted/reversed, and no-image conditions (last

three test sessions only). Table 5.24 lists each subject's mean number of attempts per

trial according to condition, as well as the outcome of the Kruskal-Wallis tests; only

two subjects, Karlo and Bandit, had significant results.

In lieu of a formal post hoc analysis, the 95% t confidence intervals for the means

of each condition were compared to determine the degree of overlap (Table 5.25).

Karlo made significantly more attempts to find the peanut in the no-image condition

than in the standard and reversed conditions, whereas the number of attempts in the

inverted/reversed condition was significantly greater than the standard but not the

reversed condition. The number of attempts Karlo made to find the peanut did not

differ significantly between the no-image and inverted/reversed conditions. Bandit

required significantly more attempts to find the peanut in the inverted/reversed and

no-image conditions relative to both the standard and reversed conditions. The

number of attempts per trial did not differ significantly according to condition for the

other three subjects (Nancy, Sarah, and Sylvain). This may have been because the

power of the test was too low to detect any small yet significant differences;

alternatively, number of attempts per trial might not be a very sensitive measure of

performance. Nancy and Sarah made the most attempts per trial in the

inverted/reversed condition, whereas Sylvain made the most attempts per trial in the

no-image condition. It would appear, therefore, that the presence of an

inverted/reversed image improved Karlo's and perhaps Sylvain's performance

somewhat relative to no image at all, whereas Bandit, Nancy, and Sarah did not benefit

from the inverted/reversed image.
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Table 5.24 Mean Number ofAttempts to Find Peanut for Each Image Condition
(Last Three Test Sessions)

subject standard reversed inverted/reversed no-image H

Karlo 1.2 1.4 2.0 2.5 12.98*

Bandit 1.5 1.7 4.5 5.3 28.98**

Nancy 2.1 1.9 2.9 2.7 5.43

Sarah 2.1 2.2 2.8 1.7 4.90

Sylvain 2.4 2.3 2.5 3.5 3.84

mean 1.9 1.9 2.9 3.1

Notes. N=15 in each condition for every subject. All H adjusted for ties with df=3 (Kruskal-Wallis test).
*E<01 **E<-001

Table 5.25 95% t Confidence Interval ofMean Number ofAttempts to Find Peanut for
Each Image Condition (Last Three Test Sessions)

subject standard reversed inverted/reversed no-image

Karlo 1.0-1.4 1.1-1.8 1.5-2.5 1.6-3.4

Bandit 1.2-1.8 1.2-2.2 3.3-5.8 3.8-6.7

Nancy 1.5-2.6 1.6-2.2 2.0-3.7 1.9-3.6

Sarah 1.5-2.7 1.5-2.9 1.9-3.7 1.3-2.1

Sylvain 1.8-3.0 1.7-2.8 1.6-3.4 2.4-4.5

Note. N=15 in each condition for every subject.

To test whether image type had an effect at the group level, a Friedman two-way

analysis of variance was calculated by hand comparing the mean number of attempts

per trial in each condition for all five subjects (Table 5.24). The result was significant (

X2=7.8, df=3, p<05); subjects made more attempts per trial in the inverted/reversed

and no-image conditions than in the standard and reversed conditions.

unbaited control trials:

In addition to the various image trials, the first seven test sessions for each subject

contained five unbaited control trials; three with a standard video image present

(image/no-bait), and two with the video monitor shut off (no-image/no-bait). One
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would expect subjects that understand the nature of the information provided by the

video image not to search on image/no-bait trials, because the image shows them that

there is no reward to be gained, whereas they would search on no-image/no-bait trials,

because a reward might just be present. To see if this was the case, Minitab was used

to carry out a t-test for each subject comparing the number of attempts to find the

peanut on the unbaited image and no-image trials. Table 5.26 lists each subject's range

and mean number of attempts in each condition, as well as the results of the t-tests.

Only one subject (Sarah) made significantly fewer search attempts when an image was

present to show that the bait-board was empty.

Table 5.26 Range and Mean Number ofAttempts to Find the Peanut for Image
and No-Image Unbaited Trials

range mean

subject image no-image image no-image t df
Karlo 2-5 2-7 3.3 3.5 -0.40 21

Bandit 1-11 4-11 7.6 6.8 0.90 31

Nancy 2-6 3-6 3.9 3.8 0.33 30

Sarah 0-5 2-5 1.6 2.8 -2.87* 32

Sylvain 2-8 2-6 4.5 4.2 0.67 30

mean 4.2 4.2

Notes. N(image)=21, N(no-image)=14 for all subjects.
*£<01

However, the number of attempts per trial is only a rough guide to the actual

effort put into searching the bait-board. A subject might reach out only once (one

attempt) but spend the entire trial searching for the peanut, or it might reach out

several times (multiple attempts) but only search very briefly in each case. In addition

to looking at the number of search attempts per trial, one must also look at the amount

of time actually spent searching. A chi-square test was calculated by hand for each

subject comparing the number of image versus no-image unbaited trials in which a

subject spent more or less than 15 seconds ignoring the bait-board. Table 5.27 lists the
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percentage of image and no-image unbaited trials in which a subject spent 15 seconds

or more ignoring the bait-board, as well as the outcome of the chi-square tests.

Although four out of five subjects ignored the bait-board more often on trials when

there was an image present to show that it was empty, the difference was only

significant for Sarah. In fact, on 9 of the 21 image/no-bait trials Sarah approached the

search holes, glanced at the image, and then moved away and ignored the bait-board

for the entire trial; she never did this on no-image trials.

Table 5.27 Percentage of Image and No-Image Unbaited Trials in Which Subject Ignores
Bait-Board

subject image no-image X2

Karlo 19 1 0.2

Bandit 43 29 0.3

Nancy 43 43 0.1

Sarah 100 57 8.1*

Sylvain 86 57 2.2

mean 58 39

Note. N(image)=21, N(no-image)=14 for each subject.

Despite this apparent failure on the part of most subjects to distinguish between

unbaited image and no-image trials, it would be premature to conclude that the

subjects did not understand the nature of the information conveyed by an image of an

empty bait-board (i.e. that it is not worth searching since no peanut is present). Given

the relatively sterile environment of the test cage, it is possible that on image/no-bait

trials subjects explored the bait-board not because they expected to find a peanut, but

merely for something to do. This is supported by the fact that the subjects tended to

explore away from the bait-board (e.g. investigating the shutters) more often on

image/no-bait trials than on no-image/no-bait trials. In addition, as described in

Experiment 3 (p. 204), the manner in which Karlo searched on unbaited trials where an
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image was present was the same as for baited or unbaited trials without an image; that

is, Karlo apparently equated a video image of an empty bait-board to no image at all.

This is a correct insofar as both conditions fail to provide information about the

location of a peanut.

DISCUSSION

When the standard, reversed, and inverted/reversed trials were compared across

all 10 test sessions, the subjects as a group were less successful, slower, and made

more search attempts in the inverted/reversed condition than in the other two

conditions. This is what one would expect if subjects were only using the image of the

target to direct their search; the visuo-motor adaptations previously learned by the

subject would not apply to the inverted/reversed image, therefore their performance in

that condition would suffer. However, a certain decrement in performance in the

inverted/reversed condition would not be surprising even for subjects capable of

image-guided behaviour (IGB), because from the subjects' point of view the image

would be behaving in an unexpected fashion, and it might take some time for the

subjects to learn to compensate for this.

It is therefore necessary to include a no-image condition in the comparison:

subjects capable of IGB would be able to use an inverted/reversed image to perform

significantly better than when no image was present, whereas subjects whose

performance depended on visuo-motor adaptation would (at least initially) be unable to

use the inverted/reversed image, and so would perform no better than in the no-image

condition. No-image control trials were only introduced for the last three test sessions,

so the sample sizes for the four-way comparison between conditions were quite small

(15 trials per condition).
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As a group the subjects were significantly less successful and slower in the no-

image condition than either the standard or reversed conditions, which did not differ

significantly from each other. Interestingly, however, success and speed in the

inverted/reversed condition did not differ significantly from any of the other image

conditions; performance was intermediate between the standard and reversed

conditions on the one hand and the no-image condition on the other. Subjects also

made more search attempts in the inverted/reversed and no-image conditions than

either the standard or reversed conditions. Thus it would appear that although an

inverted/reversed image was not as helpful as a standard or a reversed image for

directing their search for the target, the subjects could still use it in some way to

improve their performance.

Two odd results suggested that the labels used for the three image conditions

might not have been quite appropriate. The normal video image was chosen as the

standard image in order to be consistent with Menzel el al. (1985). The mirror image

therefore became the reversed condition (left-right reversed relative to the video

image), and the rotated video image inverted/reversed (relative to the normal video

image), providing what should have been three conditions of increasing difficulty.

However, all five subjects were fastest and most successful in the reversed image {i.e.

mirror) condition, rather than the standard image condition as one would expect. In

addition, Sylvain was faster and more successful with the (difficult) inverted/reversed

images than he was with the (easy) standard images.

Since the subjects clearly found the mirror image easiest to use, it would have

been more appropriate to use it as the standard image; the normal video image would

thus have been reversed, and the rotated video image would have been inverted (but

not reversed) relative to this new standard. If one uses these new labels for the three

image conditions, the subjects as a group performed best with the standard image and

worst with the inverted image. Furthermore, Sylvain's superior performance occurred

in the inverted condition relative to the reversed condition, which is less surprising. It

is intuitively understandable that the subjects should find the mirror image easiest to
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use: when the image of a peanut appears on one side of a mirror, the subject must

reach to the same side of the bait-board to find it, whereas when a peanut appears on

one side of a normal video image, the subject must reach to the opposite side of the

bait-board to find it. Furthermore, the subjects learned to use mirror images before

they learned to use video images, and Flook and McGonigle (1977) observed that

subjects always performed best in the distortion condition to which they were first

exposed. Finally, all of the subjects had had somewhat more experience with mirror

images than they had had with video images.

Table 5.28 Effect ofDifferent Image Types on Success. Time, and Attempts to
Find Peanut (Relative to No-Image Condition)

stan

success

rev inv/rev stan

time

rev inv/rev stan

attempts

rev inv/rev

Karlo + -H- + ++ ++ + ++ + +

Bandit ++ ++ o ++ ++ 0 ++ ++ o

Nancy + ++ + + -H- 0 + + o

Sarah + + o ++ ++ ++ 0 o o

Sylvain ++ ++ ++ + ++ ++ + + +

Notes: 'Stan' = standard image, 'rev' = reversed image, and 'inv/rev' = inverted/reversed image. A o indicates
performance similar to the no-image condition, a + indicates a non-significant superior performance, and a ++
indicates a significantly superior performance.

Table 5.28 summarizes for each subject the effect that the different image types

had on success, time, and number of attempts to find the peanut relative to the no-

image condition (last three test sessions). For the sake of consistency conditions are

labelled as they were in the results section, despite the above discussion. Based on the

results of the individual analyses the five subjects appeared to split into three groups.

The albigena, Sylvain, performed as well in the inverted/reversed condition as he did

in the standard and reversed conditions, and in all three cases his performance was

better than in the no-image condition. For the torquatus subjects Karlo, Nancy, and

Sarah, their performance in the inverted/reversed condition was somewhat better than
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in the no-image condition, but not as good as in the standard and reversed conditions.

Finally, the fourth torquatus subject, Bandit, performed no better in the

inverted/reversed condition than he did in the no-image condition.

When trials from all 10 test sessions were compared, Sylvain was the only subject

for whom inverted/reversed images did not have a significant negative effect on

success, time, and number of search attempts. In fact, for the final three test sessions

Sylvain was successful on 100% of trials in which an image was present, regardless of

whether the orientation was standard, reversed, or inverted/reversed; in contrast, he

was only successful on 67% of trials in which no image was present. Likewise, he was

significantly slower in the no-image control than in all of the image conditions (which

did not differ from each other), and made more search attempts in the no-image

condition (although this difference was not significant). From Figure 5.7 it is apparent

that Sylvain's speed in the inverted/reversed condition was present from the start of the

experiment, rather than developing with practice.

Clearly Sylvain could find the peanut as effectively in the inverted/reversed

condition as he could in the standard or reversed conditions, which strongly suggests

that he was using the image of his hand to direct his search {i.e. image-guided

behaviour). The alternative explanation - that his performance depended on three

separately maintained visuo-motor adaptations - seems unlikely for the following

reasons. Firstly, Sylvain's performance in the inverted/reversed condition equaled that

in the other two image conditions from the very start of the experiment. Given that he

had no prior experience with inverted/reversed images, Sylvain would have had to have

learned a completely new visuo-motor adaptation within a few trials. Even if one

concedes that this is possible, the cues that distinguished the inverted/reversed image

from the standard video image were so subtle that such rapid learning seems highly

unlikely.

There is a third possibility, which is that Sylvain's similar performance in the three

image conditions was due not to a capacity for image-guided behaviour, but to an

extremely efficient blind search of the bait-board; the orientation of the image had no
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effect on performance because Sylvain ignored it. If this were the case Sylvain should

have performed as well in the no-image control condition as in the three image

conditions, but in fact he was significantly less successful and slower on no-image

control trials. On the other hand, Sylvain was the only subject to show a significant

decrease in time to find the peanut across no-image trials, and from Figure 5.7 it is

clear that for the last block of no-image trials Sylvain was as fast as he was in the

various image conditions. He was successful on only two of the first five no-image

trials, three of the next five no-image trials, and all five of the last five no-image trials.

This rapid improvement might be explained by the order of presentation of the

different types of control trial.

In the first seven test sessions the subjects had all been given image/no-bait and

no-image/no-bait control trials, whereas only in the final three test sessions did they

receive baited no-image control trials. Sylvain searched less on no-image/no-bait trials

than he did on baited trials, presumably because he associated the lack of an image

with the failure to find a reward. His initial poor performance in the baited no-image

condition might therefore have been because he continued to search at less than his

peak efficiency. Once he discovered that no-image trials were now rewarded, he

would have started searching to the best of his ability, resulting in a rapid improvement

in time to find the peanut across no-image trials, till he was as fast with no-image trials

as in all of the other conditions. Thus it is possible that Sylvain, when faced with

images whose orientation kept changing, stopped using the images entirely and instead

adopted a strategy of blind search. (Even if Sylvain was searching blindly in this

experiment, the results of the previous studies show that he was nevertheless capable

ofusing a mirror or video image to direct his search for a hidden target.)

The data for Karlo, Sarah, and to a lesser extent Nancy, suggested that the

presence of an inverted/reversed image had some beneficial effect on performance

relative to the no-image condition, but not as much as a standard or reversed image.

Specifically, in the final three test sessions Karlo was more successful with

inverted/reversed trials than he was with no-image trials, less successful than he was
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with reversed trials, and as successful as he was with standard trials. Karlo was

significantly slower in both the inverted/reversed and no-image conditions than either

the standard or reversed conditions, but he was nevertheless faster with an

inverted/reversed image than no image at all. From Figure 5.3 it is apparent that Karlo

became faster with increasing practice with the inverted/reversed images. In terms of

number of search attempts, his performance with inverted/reversed trials was

significantly worse than the standard condition but not the reversed condition, whereas

his performance in the no-image condition was significantly worse than both the

standard and reversed conditions.

Karlo also demonstrated a significant effect of column position on success and

time to find the peanut, but this depended on the experimental condition. In the

inverted/reversed condition Karlo was least successful and slowest with the central

columns, the same pattern he showed in the no-image condition, whereas with the

other two image conditions Karlo was least successful and slowest with the outer

columns. This suggests that Karlo treated the inverted/reversed image as though there

was no image present, as one would expect if he was not capable of image-guided

behaviour. However, his performance on inverted/reversed trials did appear to be

somewhat better than on no-image trials, which suggests he might have been tracking

the image of his hand, but less successfully than in the more familiar image conditions.

When first presented with an inverted/reversed trial one would expect the subject

to reach initially to the place where the peanut would be if it were actually a standard

image trial (regardless of whether performance was based on visuo-motor adaptation

or IGB). Not only would the subject fail to find the peanut, if they were capable of

monitoring the moving image of their hand, they might also be surprised to see it

moving in an unexpected way. Under these circumstances a subject with only a limited

capacity for IGB might become confused. It is possible that on some trials Karlo

became confused in this way and concluded that the image he was seeing was of no

help finding the peanut, so he started searching as though no image was present,

ignoring the monitor and the information it provided. On other trials, though, he might
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have overcome the difficulty caused by the unexpected behaviour of the image, and

used it to direct his search for the peanut, thereby improving his performance relative

to the no-image condition.

Alternatively, Karlo might have been slowly learning a third visuo-motor

adaptation applicable to the inverted/reversed condition; once the new adaptation was

acquired, performance in the inverted/reversed condition would have been significantly

better than the no-image condition. The intermediate nature of Karlo's performance on

the inverted/reversed trials would therefore be the result of gradual acquisition of a

new adaptation. The gradual decrease in the time Karlo required to find the peanut in

the inverted/reversed condition could be taken as evidence for this explanation;

however, it might also be the result of his gradually learning to cope with the

unexpected movements of the inverted/reversed image (IGB).

Sarah's results were somewhat more difficult to interpret than Karlo's. She was

less successful in both the inverted/reversed and no-image conditions than either the

standard or reversed conditions, but none of the differences were significant, because

she had an exceptionally high success in the no-image condition. She was significantly

faster with all three types of image trial than she was with no image at all, and the

various image conditions did not differ significantly from each other, so with regards to

time to find the peanut Sarah was as competent with inverted/reversed images as she

was with standard or reversed images. However, this was only true for the latter part

of the experiment; it is clear from Figure 5.6 that Sarah was initially much slower in the

inverted/reversed condition and that her time improved with practice. Sarah made

more search attempts in the inverted/reversed condition than any other, but the

differences were not significant.

Despite her high percentage of successful trials in the no-image condition (93%),

Sarah still took far longer to find peanuts when there was no image to guide her.

Thus, her success in the three image conditions was not simply because she had

become very efficient at finding peanuts by searching blindly; the presence of an image

contributed in a positive way to her performance. Given that there were only 15 no-
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image trials, it is quite possible that Sarah's high percentage success was a fluke of the

small sample size. This seems even more likely when one considers that Sarah was

successful on only 53% of no-image trials in Experiment 3. If she had demonstrated

the same percentage success on no-image trials in this experiment, Sarah would have

been significantly more successful in the inverted/reversed condition than in the no-

image condition. It would appear that Sarah, too, was capable of using the

inverted/reversed image to some extent to improve her performance.

Nancy's results were not as convincing as Karlo's and Sarah's, but they were still

suggestive. She was slightly more successful in the inverted/reversed condition than

the no-image condition, and slightly less successful in the inverted/reversed condition

than in the standard and reversed conditions, but the differences were not significant.

She was significantly slower in the inverted/reversed condition than the reversed

condition, but not the standard condition. However, Nancy was actually slower and

made more search attempts in the inverted/reversed condition than the no-image

condition (although these differences were not significant). Like Karlo and Sarah,

Nancy initially took much longer to find the peanut on inverted/reversed trials than

standard or reversed trials, followed by a significant improvement in time over the

course of the experiment (Fig. 5 .5).

Bandit was the only subject who appeared to be unable to use the

inverted/reversed image to improve his performance. He was slightly more successful,

faster, and made fewer search attempts in the inverted/reversed condition relative to

the no-image condition, but none of these differences were significant. In contrast,

Bandit was significantly less successful, slower, and made more search attempts in both

the inverted/reversed and no-image conditions than either the standard or reversed

conditions. This suggests that Bandit's performance depended on visuo-motor

adaptation rather than image-guided behaviour. He appeared to have two adaptations,

one for reversed (i.e. mirror) images and one for standard (i.e. video) images, which he

could have implemented selectively based on obvious differences in the appearance of

the two types of image. When faced with an inverted/reversed image, which was
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visually similar to a standard image, Bandit would have reached to where the peanut

would have been if it had been a standard image. When this failed Bandit may have

persisted in searching the wrong area, or ignored the image altogether.

The purpose of Experiment 4 was to try to replicate the Menzel el al. (1985)

study to show that monkeys as well as chimpanzees are capable of image-guided

behaviour. However, there are two significant differences in protocol between this

experiment and that ofMenzel et al. In the latter study the hidden target sought by the

two chimpanzees was a spot of ink. They were given no signal when they had touched

the target; to get their reward they withdrew their hand and reached towards an

experimenter. Searching blindly without attending to the image was therefore not a

viable strategy for obtaining a reward, since the subject had to see that the spot had

been covered. For this reason Menzel et al. did not need to include no-image control

trials and compare the subjects' performance between image and no-image conditions,

since success was only possible when an image was present and attended to. In

contrast, the target in all of the experiments discussed in this thesis was a peanut, so

that subjects could obtain a reward even by searching blindly. It was therefore

necessary to include no-image trials to establish the subjects' baseline success when

searching unaided by an image.

There were two reasons for not training the monkeys in these experiments to

respond to a spot the way the chimpanzees did. On the practical side, I feared that the

necessary shaping procedure might be extremely time-consuming, and could potentially

reduce the subject pool if some subjects proved incapable of learning the task. In

addition, I wished to study the subjects' spontaneous behaviour rather than shaping a

particular response, lest such training later result in inflexible behaviour that obscured

the subjects' true potential.

Certain control conditions used by Menzel et al. could not be replicated in this

study because of this difference in the nature of the target. The chimpanzees were

presented with two monitors and had to determine which monitor displayed a

simultaneous video image of the target area and which was showing a pre-recorded
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tape. The control tapes were "(a) commercial television programs, (b) data tapes from

previous sessions, which showed the subject's own hand reaching for target objects

that were located in positions different from those of the target objects on the live

monitor, and (c) a tape that showed only the backside of the door, with target objects

on it - as in Tape b - without a reaching hand in the picture" {ibid., p. 214). The

chimpanzees chose the correct monitor to direct their searches. In this study the

means did not exist to simultaneously present two images to the subjects (only one

monitor was available), and there was no point in presenting these controls

individually, because even if the subjects had recognized that the image was of no use

in finding the target, they would still have had reason to search the bait-board.

Experiment 4 also included a control condition that was not used by Menzel et a/.

but that was based rather on Anderson (1986). Anderson noted that his subjects

searched less often when there was a mirror image present to show that there was no

bait compared to unbaited trials in which no mirror was present. The corresponding

control in this study was to present subjects with a standard video image of an unbaited

apparatus, to see if they understood that there was no point in searching and would

refrain. In fact, four of the five subjects searched on image/no-bait trials, but they

spent far less time watching the image than they did on baited trials. As discussed

above, searching blindly was always a viable strategy in this experiment, so the subjects

may have chosen to ignore the 'uninformative' image and search anyway, or they may

have understood that there was no point in searching but did so for something to do

(see p. 203).

The second major difference in protocol between this study and the Menzel et al.

experiment involved the nature of the images presented to the subjects. In the latter

study the orientation of the video images was altered electronically from one trial to

the next to produce standard, reversed, and inverted/reversed images. An attempt was

made to replicate this procedure in Experiment 4, but the means were not available to

electronically alter the video images. Therefore, a reversed image was obtained by

using a mirror, and an inverted/reversed image was obtained by turning the video
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camera upside-down. For reasons discussed above, a no-image control condition was

also required. The problem with this approach is that the various images differed not

only in orientation, but in the overall appearance of the image itself, particularly the

standard video and mirror images.

Although the results of three of the subjects in this experiment suggested that they

were capable of IGB, an alternative explanation for the monkeys' suggestive

performance was that they were maintaining three separate visuo-motor adaptations.

It was the differences in protocol between this study and Menzel et al. that made this

alternative possible. The fact that the target in this experiment had tactile properties

(unlike the ink spot in Menzel et al.) meant that the subjects could correctly terminate

their search once they touched the peanut, without any help from the image. Thus,

unlike the chimpanzees, the monkeys in this experiment did not have to continuously

monitor the image in order to succeed. Once they had used the image to determine the

approximate location of the target, they could have found the peanut by searching

blindly within a restricted area. Furthermore, the differences in the appearance of the

image according to condition meant that there were exteroceptive cues available to the

subjects which they could have associated with the appropriate adaptation.

A subject using IGB must watch the image continuously to direct its search,

whereas a subject whose performance depends on visuo-motor adaptation need only

determine the location of the target, after which the image can be ignored as the

subject searches. Analysis of the video-tapes made during the experiment indicated

that when there was an image present, subjects watched the monitor continuously up

to and including the moment the peanut was taken, whereas on no-image trials subjects

spent very little time looking at the monitor. Although this suggests that the subjects

were continuously monitoring the moving image of their hand, it is also possible that

they were only looking at the image of the peanut, when it was present.

Menzel et al. argue that a subject capable of IGB should be able to reach directly

to novel target locations on the very first attempt, whereas an individual that uses only

mirror-mediated spatial discrimination would be unsuccessful on such transfer trials.
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However, Menzel et al. overlook the possibility of subjects whose performance

depends on visuo-motor adaptation or on an understanding of mirror correspondence

(what Povinelli (1989) calls mirror-mediated spatial locating). Such a subject might be

expected to reach quite directly to a novel target location; perhaps not as accurately as

a subject capable of IGB, but certainly more so than a subject trained to respond to

only a few, fixed locations.

The ability to use a mirror or video image to find targets hidden in novel locations

is not, therefore, a definitive indicator of IGB. However, it can distinguish between

subjects with an understanding ofmirror (or video) correspondence, and those whose

performance depends on associations between previously baited target locations and

images in particular locations (mirror- or video-mediated spatial discrimination). In

order to further test the abilities of the monkeys in this experiment, a transfer

experiment was carried out in which the subjects had to search for peanuts placed in

novel locations. The details are presented in the next chapter.
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Experiment 5: Can subjects transfer their performance to novel locations?

INTRODUCTION

Experiment 5 was a transfer experiment to see if subjects could use the image to

direct their search for a hidden target even when the targets were placed in novel

locations. Subjects were tested in the usual fashion using a mirror image on all trials;

however, on some trials the peanut was placed randomly within the bait-board, as

before, and on others the peanut was stuck above or below the bait-board using

double-sided tape. Menzel et al. (1985, p. 215) suggested that monkeys should be

capable of using an image to direct their search "if only one or two fixed target

locations are used for several successive trials", but that they would be unable to reach

directly to a target placed in a novel location. The subjects of the preceding

experiments have already demonstrated considerably more skill than Menzel et al.

thought possible, in that thirty rather than "one or two" fixed target locations were

used, and subjects could deal with images whose orientation changed from one trial to

the next. However, given the design of the bait-board, one might argue that the

subjects were reaching to one of a limited number of locations and then efficiently

searching the general area until they found the target. In order to ascertain whether

the subjects' performance depended on merely mirror- or video-mediated spatial

discrimination, versus a more general understanding of mirror and video images, or

even image-guided behaviour, they were given a transfer test in which the peanuts

were placed in novel locations. Subjects with a general understanding of mirror and

video images would be expected to perform as well in this task as they had previously.
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METHODS

subjects:

The five subjects from Experiment 4 were used in this experiment; their details are

listed in Table 6.1. The subject Sarah had her infant Mischief present during the

transfer test. On occasion this would distract Sarah from searching, but it did not

appear to seriously impair her performance.

Table 6.1 Name, Sex, and Age of Subjects at the Start of the Experiment

name species group sex age (yr,mth)

Karlo torquatus Boss m 5,4

Bandit torquatus Boss m 2,9

Nancy torquatus Boss f 11,5

Sarah torquatus Boss f 10,11

Sylvain albigena Peanuts m 5,4

Figure 6.1 Bait-board with novel peanut locations (white squares) both above and below.
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apparatus:

The same bait-board was used in this experiment. However, new target locations

were created by sticking pieces of double-sided tape above and below the bait-board

(Fig. 6.1): one row of five was placed above the bait-board (transfer row 1), and two

rows of five were placed below (transfer rows 2 and 3). The rest of the apparatus used

was essentially the same as in Experiment 4. A 45 by 60 cm mirror was positioned

directly opposite the bait-board (propped up against the monitor) with the base of the

mirror 59 cm from the cage mesh, and the upper edge of the mirror 80 cm from the

cage mesh and 124 cm above the floor (see Fig. 5.2). The mirror reflected the whole

bait-board as well as the new target locations. Note that the mirror was slightly wider

than the bait-board, so subjects could see a partial reflection of their bodies in the

search holes. A Panasonic NV-S7 SuperVHS camcorder placed on top of the monitor

was used to record all of the transfer trials.

procedure:

Before the transfer experiment began the cards that covered the images of the

search holes on the monitor were removed, and the 40 by 60 cm mirror was replaced

with a 45 by 60 cm mirror. Each subject was then given a single test session

containing five trials each of standard images, reversed images, and inverted/reversed

images (same procedure as Experiment 4). However, unlike in previous experiments,

the subjects could now see an image of their entire body as they searched. This was

done to see whether the subjects would respond socially to their image, but none of

them did.

The transfer test took place on April 1, 1994, using the same general procedure as

in Experiment 4. Each subject received a single test session containing 20 mirror trials.

The peanut was stuck above the bait-board five times and below the bait-board ten

times, five in each row. Each of the five positions within a transfer row was used only

once. On five control trials the peanut was located in the bait-board
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(once in each column). Before testing began the experimenter prepared check sheets

for each subject's test session. The position of the peanut on each trial was determined

at random using random number tables, subject to the following constraints: trials in

which the peanut was placed in a compartment of the bait-board had to be separated

by at least two trials in which the peanut was placed in one of the transfer rows; each

location in the transfer rows was baited only once; and on consecutive trials the

peanuts could not be in the same transfer row or column.

There was one important difference in procedure between the transfer test and the

preceding experiments. Previously, if a subject knocked a peanut out of the bait-board

and onto the floor, it was counted as a failure and the subject did not get the peanut.

In this study the peanuts in the novel locations were only held in place with double-

sided tape and a very light touch was enough to knock them to the floor, thus it was

possible for subjects to lose the peanut even if they reached directly for it. For this

reason, when subjects knocked a transfer location peanut to the floor, the trial was

ended and subjects were handed the peanut before the shutters were closed. However,

if they knocked a peanut out of the bait-board that was still scored as a failure, and

they were not given the peanut. After the first subject had received six trials (of which

three were in the lowest transfer row) the test session was interrupted and the two

transfer rows below the bait-board were repositioned nearer to the bait-board to make

them more accessible.

mirror session:

After the transfer test was over the subjects were given one 20 minute session

with direct access to a 60 by 40 mirror attached to the mesh of the door of home cage

2, as in the familiarization phase ofExperiment 2. The four torquatus subjects plus the

offspring of the two females were tested together, and the albigena subject (Sylvain)

was tested with his group, which contained one adult female and her juvenile and infant

offspring.
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RESULTS

transfer experiment

independence of observations, individual analyses:

The subjects' success with novel target locations was assessed using chi-square

tests; however, for a chi-square test to be valid, the observations must be independent.

To ensure that successes were randomly distributed, Minitab was used to carry out

two separate runs test of randomness (two-tailed) on the fifteen transfer trials of each

subject. For the first test trials in which transfer peanuts were knocked to the floor

were counted as failures, and for the second test they were counted as successes. The

results were non-significant in both cases for four out of five subjects; the exception

was Sarah, who had a significant (2=011) result when falls were scored as successes.

This is because she failed on only one of the 15 transfer trials, and that was the very

first trial. In most cases, successes and failures were randomly distributed over the

course of the transfer test.

effect of novel location on success, individual and group analyses:

To test whether placing peanuts in novel target locations had an effect on the

subjects' success, one-tailed chi-square tests were calculated by hand (using Siegel's

formula for 2x2 contingency tables) for each subject comparing the frequency of

successes and failures for the transfer versus control trials. One-tailed tests were used

because it was expected that subjects would be less successful on the transfer trials.

Because it was so easy for subjects to knock the transfer peanuts to the floor, two chi-

square tests were calculated for each subject: for the first test trials in which transfer

peanuts were knocked to the floor were counted as failures, and for the second test

they were counted as successes. Table 6.2 lists the percentage of successful transfer

and control trials and the outcome of the chi-square tests when fallen transfer peanuts

were scored as failures and as successes.
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Table 6.2 Percentage of Successful Control and Transfer Trials

trials in which peanutfell
scored as failures

trials in which peanutfell
scored as successes

subject control transfer X2 control transfer X2

Karlo 100 47 2.50 100 80 0.13

Bandit 100 7 ] i 43*** 100 40 3.30*

Nancy 80 73 0.09 80 80 0.42

Sarah 100 47 2.50 100 93 0.10

Sylvain 80 7 7.20** 80 7 7.20**

mean 92 36 92 60

Notes. N(control)=5, N(transfer)=15 for every subject. All chi-squares have N=20, df=2.
*g< 05 **E<01 ***E<001

The outcome of the chi-square tests was the same regardless of whether fallen

transfer peanuts were scored as successes or failures: Bandit and Sylvain showed a

significant negative effect of novel location on success, whereas Karlo, Nancy, and

Sarah did not. It would appear that Sylvain, and to a lesser extent Bandit, were unable

to use the mirror image to direct their search for the hidden peanuts when those

peanuts were placed in novel locations. To test whether there was a group level effect,

a one-tailed sign test was calculated by hand comparing the signs of the differences

between the percentage success of the two conditions. When trials in which the peanut

fell were scored as failures, there was a significant group level effect (N=5, x=0,

p=.031); as a whole subjects were less successful with transfer trials. The outcome

was non-significant when trials in which the peanut fell were scored as successes (N=5,

x=l, p=.188), but it is possible that with a larger sample size it would have been

significant as well.

In order to obtain a more detailed picture of the effect of peanut location on

success, Minitab was used to calculate two chi-square tests for each subject, this time

comparing successes and failures for each transfer row versus the control (bait-board)

trials. As before, trials in which transfer peanuts were knocked to the floor were

scored first as failures, then as successes. Table 6.3 lists the percentage of successful
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trials in each location and the outcome of the chi-square tests when fallen transfer

peanuts were scored as failures, and Table 6.4 lists the percentage success and chi-

square results when they were scored as successes.

Table 6.3 Percentage of Successful Trials for Different Peanut Locations
(Transfer Peanuts that Fell Scored as Failures)

subject bait-board

peanut location

transfer row 1 transfer row 2 transfer row 3 X2

Karlo 100 60 80 0 11.67*

Bandit 100 0 20 0 16.19**

Nancy 80 40 100 80 5.07

Sarah 100 40 40 60 5.00

Sylvain 80 0 20 0 11.47*

mean 92 28 52 28

Notes. N=5 for each location for every subject. All chi-squares have N=20, df=3 and 100% of cells with
expected frequencies of less than five.
*p<.01 **£<.001

Table 6.4 Percentage of Successful Trials for Different Peanut Locations
(Transfer Peanuts that Fell Scored as Successes)

subject bait-board

peanut location

transfer row I transfer row 2 transfer row 3 X2

Karlo 100 100 100 40 10.60*a

Bandit 100 0 60 60 10.30*

Nancy 80 60 100 80 2.50

Sarah 100 80 100 100 3.16a

Sylvain 80 0 20 0 11.47**

mean 92 48 76 56

Notes. N=5 for each location for every subject. All chi-squares have N=20, df=3 and 100% of cells with
expected frequencies of less than five.
a. 50% of cells with expected frequencies less than one, chi-square probably invalid.
*£<■05 **£<.01

The results of the chi-square tests were the same regardless of whether fallen

transfer peanuts were scored as successes or failures: Karlo, Bandit, and Sylvain all
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showed a significant effect of location on success, whereas Nancy and Sarah did not.

However, it is clear from the percentages in Tables 6.2, 6.3, and 6.4 that the subjects

actually formed two different groups: Karlo, Sarah, and Nancy were all highly

successful on transfer trials, whereas Bandit and Sylvain were not. Naturally all of the

subjects (except Sylvain) were more successful when fallen transfer trials were scored

as successes.

Karlo was highly successful with peanuts located in the bait-board and transfer

rows 1 and 2, and was least successful when peanuts were located in transfer row 3

(the lowest row), regardless of whether fallen peanuts were scored as successes or

failures. Karlo knocked a transfer peanut to the floor on five of the fifteen trials.

When fallen peanuts were scored as failures, Bandit was only successful at getting

peanuts located in the bait-board; however, when fallen peanuts were scored as

successes, Bandit was also moderately successful with transfer rows 2 and 3. He never

touched any of the peanuts in transfer row 1. Bandit knocked a transfer peanut to the

floor on five trials. Nancy was highly successful with peanuts located in the bait-board

or transfer rows 2 or 3 and moderately successful with peanuts located in transfer row

1, regardless of whether fallen peanuts were scored as successes or failures. She

knocked a transfer peanut to the floor on only one trial. When fallen peanuts were

scored as failures, Sarah was highly successful with peanuts located in the bait-board

and moderately successful with peanuts located in the three transfer rows; however,

when fallen peanuts were scored as successes, she was highly successful at finding the

peanut regardless of where it was placed. Sarah knocked a transfer peanut loose on

seven trials. Finally, Sylvain was successful only when the peanut was located in the

bait-board; he retrieved only 1 out of 15 transfer peanuts. Sylvain did not knock any

transfer peanuts to the floor.

In short, three of the torquatus subjects (Karlo, Nancy, and Sarah) were capable

of using a mirror image to find the peanuts even when they were placed in novel

locations, although some novel locations appeared more difficult than others for some

subjects. The torquatus subject Bandit had limited success on transfer trials in the
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lower two rows, whereas the albigena subject, Sylvain, was singularly unsuccessful on

the transfer trials; he hardly ever searched above or below the bait-board, which

suggests a certain rigidity of behaviour. Subjects varied according to how many

transfer peanuts they retrieved directly versus how many they knocked loose; this

might reflect differences in the precision and skill of their reaches. Nancy was

successful on her very first transfer trial, Karlo and Sarah both failed their first transfer

trial but were successful on their second, and Bandit did not succeed until his fourth

transfer trial. Sylvain was successful on only one transfer trial, the fifth.

effect of practice on time to find peanut, individual analyses.

To test whether any subjects demonstrated a decrease over the course of the

transfer trials in time taken to find the peanut, SPSS for Windows was used to

calculate two Kendall rank correlations for each subject, comparing times on the 15

transfer trails to trial number (Table 6.5). Once again, trials in which the peanut was

knocked to the floor were either treated as failures and assigned a time of 60 seconds,

or treated as successes and assigned the time after which the peanut fell. For both tests

trials in which the peanut was left in place were assigned a time of 60 seconds. One-

tailed tests were used because the direction of the correlation was predicted in advance

(it was assumed that time taken to find the peanut would decrease with practice).

Table 6.5 Kendall Rank Correlations Between Time Taken to Find Peanut and Trial
Number for Transfer Trials

subject trials in which peanutfell
assigned value of60s

trials in which peanutfell
assigned time till fall

Karlo -.32 -.52**

Bandit -.16 -.05

Nancy -.24 -.17

Sarah -.03 -.43*

Sylvain .16 .16

Note. N=15 for all correlations.

*2<05 **E<01
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When trials in which the peanut fell were scored as failures, four out of five

subjects had negative correlations, but none of the correlations were significant

(although Karlo's came close, p= 064). Similarly, four out of five subjects had

negative correlations when fallen peanuts were scored as successes; the correlations

were significant for only two subjects, Karlo and Sarah, both ofwhom became faster at

finding the peanut over the course of the transfer trials.

effect of practice on time to find peanut, group analysis:

~i 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

trial number

Figure 6.2 Median time taken by all five subjects to find the hidden peanut on transfer trials.
There was an significant decrease over the course of the experiment.

Figure 6.2 gives an idea of the overall trend in time to find the peanut across

transfer trials; the graph plots the median time of all five subjects for each trial.
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Median rather than mean times were used so that failed trials could be assigned a value

of 60 seconds and included in the analysis. (Trials in which the peanut was knocked to

the floor were counted as successes.) As one can see, with the exception of trials 10

and 15, there was a clear decrease in the time required to find the peanut over the

course of the transfer trials. Bear in mind that since median values were used, if three

of the five subjects failed a trial, the median value for that trial would be 60 seconds,

hence the sudden leaps for trials 10 and 15. A Kendall tau rank correlation comparing

median time per trial to trial number was highly significant (x=-.041, p=.016, one-

tailed).

effect of novel location on time to find peanut, individual and group analyses:

To test whether placing peanuts in novel target locations had an effect on the

amount of time subjects took to find the peanut, Minitab was used to calculate a one-

tailed Mann-Whitney test for each subject, comparing times on all 15 transfer trials to

the 5 control (bait-board) trials. One-tailed tests were used because it was expected

that subjects would be slower on the transfer trials. Transfer trials in which the peanut

was knocked to the floor were assigned the time after which the peanut fell, and trials

in which the peanut was not found were assigned an arbitrary value of 60 seconds and

included in the analysis. Table 6.6 lists the median time in each condition for each

subject, as well as the outcomes of the Mann-Whitney tests.

Table 6.6 Median Time (sec) to Find Peanut for Control and Transfer Trials

subject control trials transfer trials W

Karlo 4 9 29.0*

Bandit 3 60 19.5**

Nancy 6 24 40.5 !
Sarah 5 16 31.0

Sylvain 11 60 23.0***

mean 6 34

Notes. N(control)=5, N(transfer)=15 for every subject. All W adjusted for ties (Mann-Whitney).
*2< 05 **g<.01 ***£><:. 001
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Karlo, Bandit, and Sylvain all showed a significant negative effect of novel

location on time to find the peanut. However, by comparing the median times in the

table it is clear that Karlo should be grouped with Nancy and Sarah, rather than Bandit

and Sylvain (as was observed with the success data). Bandit and Sylvain were both

slower and less successful at obtaining peanuts hidden in novel locations, whereas

Karlo was slower but equally successful with novel locations. Placing the peanuts in

novel locations had no effect on success or speed for both Nancy and Sarah. To test

whether there was a group-level effect of novel location on time to find the peanut, a

one-tailed sign test was calculated comparing each subject's median time for control

and transfer trials. All five subjects were slower on the transfer trials, a significant

result (N=5, x=0, p=.031).

In order to obtain a more detailed picture of the effect of peanut location on time

to find the peanut, Minitab was used to calculate a Kruskal-Wallis one-way analysis of

variance for each subject, comparing times for trials in which the peanut was placed in

the bait-board versus the three transfer rows. Transfer trials in which the peanut was

knocked to the floor were assigned the time after which the peanut fell, and trials in

which the peanut was not found were assigned an arbitrary value of 60 seconds and

included in the analysis. Table 6.7 lists the median time in each location for each

subject, as well as the outcome of the Kruskal-Wallis tests.

Table 6.7 Median Time (sec) to Find Peanut for Different Peanut Locations

subject bait-board

peanut location

transfer row 1 transfer row 2 transfer row 3 H

Karlo 4 6 6 60 6.88

Bandit 3 60 19 44 12.24*

Nancy 6 43 24 21 1.77

Sarah 5 32 10 15 4.64

Sylvain 11 60 60 60 11.87*

mean 6 40 24 40

Notes. N=5 for each location for every subject. All H adjusted for ties with df=3 (Kruskal-Wallis test).
*g<01
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Table 6.8 95% Sign Confidence Interval (sec) of Median Time for
Different Peanut Locations

subject bait-board

peanut location

transfer row 1 transfer row 2 transfer row 3

Karlo 2-6 3-39 5-47 3-60

Bandit 2-7 60-60 3-60 19-60

Nancy 5-60 16-60 8-56 4-60

Sarah 3-24 3-60 6-31 7-42

Sylvain 3-60 60-60 51-60 60-60

Note. N=5 in each location for each subject.

All five subjects found the peanuts most quickly when they were located in the

bait-board, and all five appeared to be much slower with at least one of the novel

transfer rows compared to the familiar bait-board. However, the effect of peanut

location on time to find the peanut was significant for only two subjects, Bandit and

Sylvain. Neither Minitab nor SPSS provides the option of doing a post hoc analysis

with a Kruskal-Wallis test, so the 95% sign confidence intervals for the median times

of each subject were compared in order to get some idea of which locations differed

the most (Table 6.8). Bandit appeared to be significantly faster when the peanut was

located in the bait-board than when it was located in transfer rows 1 or 3. Bandit

failed to get any of the peanuts from transfer row 1, hence the interval of 60-60. The

significant result observed for Sylvain was due to the fact that he failed to obtain the

peanut on all but one of the fifteen transfer trials, resulting in median times of 60

seconds for all three transfer rows. With a sample size of only five trials per location

the power of the Kruskal-Wallis test was low, which probably explains why Karlo had

a significant outcome with the Mann-Whitney test but not the Kruskal-Wallis test.

To test whether peanut location had an effect on time at the group level, a

Friedman two-way analysis of variance was calculated by hand comparing the median

times in each location for all five subjects (Table 6.7). Median rather than mean times

were used so that failed trials could be assigned a value of 60 seconds and included in
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the analysis. The result was significant (X2=10.5, df=3, £<05), as a group, subjects

took longer to find the peanut when it was in transfer row one or three than when it

was in the bait-board.

effect of practice on attempts to find peanut, individual analyses:

To test whether any subjects demonstrated a decrease in the number of search

attempts required to find the peanut over the course of the transfer trials, SPSS for

Windows was used to calculate a Kendall rank correlation for each subject, comparing

the number of attempts per transfer trial to trial number (trials were numbered

consecutively starting at one). One-tailed tests were used because the direction of the

correlation was predicted in advance (it was assumed that number of attempts would

decrease with practice). Table 6.9 lists the correlations for each subject. All five

subjects had negative correlations, indicating a decrease in search attempts with

practice, but this was significant for only three subjects: Karlo, Sarah, and Sylvain.

Karlo and Sarah also had a significant decrease with practice for time required to find

the peanut.

Table 6.9 Kendall Rank Correlations Between Number of Attempts to Find Peanut and
Trial Number

subject correlation \

Karlo -.54**

Bandit -.21

Nancy -.18

Sarah -.44*

Sylvain

Note. N=15 for all subjects.
*p<,05 **p<01 ***p<.001

effect of practice on attempts to find peanut, group analysis:

Figure 6.3 gives an idea of the overall trend in number of attempts per transfer

trial over the course of the experiment; the graph plots the mean number of attempts
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by all five subjects on each trial. As one can see, there was a clear decrease in the

number of attempts required to find the peanut over the course of the transfer trials;

the Kendall tau rank correlation was highly significant (t=-.73, p= 000, one-tailed).

~i 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

trial number

Figure 6.3 Mean number of attempts by all five subjects to find the hidden peanut on transfer
trials. There was a significant decrease with practice.

effect of novel location on attempts to find peanut, individual and group analyses:

To test whether placing peanuts in novel target locations had an effect on the

number of search attempts, Minitab was used to calculate a one-tailed t-test for each

subject, comparing the number of attempts on each of the 15 transfer trials to the 5

control trials. One-tailed tests were used because it was expected that subjects would

make more attempts on the transfer trials. Table 6.10 lists the range and mean number
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of search attempts for the transfer and control trials of each subject, as well as the

outcomes of the t-tests.

Table 6.10 Range and Mean Number of Search Attempts for Control and Transfer Trials

range mean

subject control transfer control transfer t df
Karlo 1-2 1-8 1.2 3.2 -3.11** 16

Bandit 1-3 2-10 2.0 6.2 -5.67*** 17

Nancy 1-3 1-9 1.6 4.1 -3.72*** 17

Sarah 1-3 1-9 1.6 3.1 -2.28* 15

Sylvain 1-6 7-19 3.0 11.7 -6.36*** 10

mean 1.9 5.7

Notes. N(control)=5, N(transfer)= 15 for all subjects; one-tailed t-test.
*g<05 **2<.01 ***E<001

All five subjects required significantly more attempts to find the peanut when it

was placed in a novel location. Most affected was the albigena, Sylvain, who jumped

from a mean of 3 attempts per trial in the control condition (when the peanuts were

placed in the bait-board) to a mean of 12 attempts per trial when the peanut was placed

above or below the bait-board. This is due in part to the fact that trial times were

longer for Sylvain, given that he failed nearly all of the transfer trials and so had a full

60 seconds in which to search on most trials (unlike the other subjects who retrieved

the peanut more quickly). Sylvain devoted most of his search attempts to the bait-

board, very rarely reaching above or below it. Least affected by the novel locations

were Karlo and Sarah, who demonstrated only a small increase in the mean number of

attempts required to find the peanut. A one-tailed sign test comparing mean number of

search attempts on control and transfer trials was significant (N=5, x=0, p=.031),

indicating a group level effect of novel location (subjects made more attempts on

transfer trials).

In order to obtain a more detailed picture of the effect of peanut location on the

number of attempts required to find the peanut, Minitab was used to calculate a one-
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way analysis of variance for each subject, comparing number of search attempts for

trials in which the peanut was placed in the bait-board versus the three transfer rows.

Table 6.11 lists the mean number of search attempts per trial in each location for each

subject, as well as the outcome of the ANOVAs.

Table 6.11 Mean Number of Search Attempts for Different Peanut Locations

subject bait-board

peanut location
transfer row 1 transfer row 2 transfer row 3 F

Karlo 1.2 2.6 2.0 5.0 3.97*

Bandit 2.0 6.8 5.2 6.6 4.43*

Nancy 1.6 4.2 3.6 4.4 2.17

Sarah 1.6 4.0 2.6 2.6 1.57

Sylvain 3.0 9.2 12.6 13.2 12.99**

mean 1.9 5.4 5.2 6.4

Notes. N=5 for each location for every subject. All F have df=3 ( one-way ANOVA).
*2<05 **E<.001

All five subjects made the fewest search attempts when the peanuts were located

in the bait-board, and all five appeared to require many more attempts with at least one

of the novel transfer rows compared to the familiar bait-board. However, the effect of

peanut location on number of search attempts was significant for only three subjects,

Karlo, Bandit and Sylvain. The Minitab output for a one-way analysis of variance

includes the 95% t confidence intervals for the mean of each condition, using the

pooled standard deviation. In lieu of a formal post-hoc analysis, these confidence

intervals can be compared to determine which conditions differ significantly.

Karlo made significantly fewer attempts when peanuts were placed in the bait-

board than when they were placed in transfer row 3 (the lowest row). Bandit made

significantly fewer attempts when the peanut was located in the bait-board than when it

was located in either transfer row 1 or 3 (highest and lowest). Sylvain made

significantly fewer attempts when the peanut was placed in the bait-board than when it



Results: mirror session 280

was placed in any of the transfer rows. With a sample size of only five trials per

location the power of the ANOVA was low, which probably explains why Sarah and

Nancy had a significant result with the t-test but not the ANOVA.

To test whether peanut location had an overall group-level effect on number of

search attempts a Friedman two-way analysis of variance was calculated by hand

comparing the mean number of search attempts per trial in each location for all five

subjects (Table 6.11). The result was significant (X2=l 1.34, df=3, p< 01); as a group,

subjects made more attempts to find the peanut when it was in transfer rows one or

three than when it was in the bait-board.

mirror session:

Of the torquatus subjects, only Karlo showed much interest in the mirror during

the 20 minutes of direct access. Early on in the session he directed a variety of social

behaviours towards his reflection, e.g. he presented to the image six times and

lipsmacked (an affiliative gesture) three times. Karlo also lipsmacked, yawned and

bobbed his head at his reflection while remaining at some distance from the mirror. He

looked and reached over, under, and to either side of the mirror numerous times.

Initially this was probably in an attempt to touch the 'other monkey', but in so doing

Karlo discovered that there were pieces of double sided tape (for mounting) on the

back of the mirror. He then spent the rest of the session picking away at these and

ignoring the mirror image entirely. Bandit looked and reached under the mirror several

times, but this may have been in response to Karlo's investigation of the back of the

mirror. Of the albigenas, Sylvain reached under the mirror three times and looked

under it once, but he primarily directed social behaviours towards the mirror, such as

lipsmacking and yawning. (Note that Sylvain had never had direct access to a mirror

prior to this session.) No self-directed behaviours were observed in any of the

subjects.
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DISCUSSION

As a group the subjects were less successful, slower, and made more search

attempts when the peanuts were placed in novel locations; specifically, in transfer rows

one and three. However, individual analyses revealed that the subjects differed

according to their performance on transfer trials. Karlo, Nancy, and Sarah were only

slightly less successful and slower on transfer trials than they were on control trials,

and the differences were not significant, whereas Bandit and Sylvain were both

significantly less successful and slower on transfer trials versus control trials. Sylvain's

performance with novel target locations was strikingly poor. All five subjects made

significantly more attempts to find the peanut in the transfer condition, but Bandit and

Sylvain more so than the other three.

The ability of Karlo, Sarah, and Nancy to use the mirror image to find targets in

novel locations suggests that their performance did not depend on mirror-mediated

spatial discrimination (i.e. associations between particular targets and images), and

provides further evidence that these subjects are capable of image-guided behaviour

(IGB). However, it is still possible to explain their performance only in terms of visuo-

motor adaptation. Studies have shown that adaptation does not transfer to different

tasks (reviewed in Howard and Templeton, 1966), but it is not obvious that changing

the location of the peanut should necessarily qualify as a new task, given that the actual

movements used to reach to the novel locations were undoubtedly similar to those

used for reaching to the familiar locations. Thus it is possible that Karlo, Sarah, and

Nancy were successful on the transfer trials because they generalized an already

learned visuo-motor adaptation to a similar task. However, if this was the case one

must wonder why Bandit and Sylvain failed to show a similar generalization.

Bandit's poor performance on trials in which the peanut was placed in a novel

location suggests that his previously demonstrated ability to find the peanut may have

been based on mirror- and video-mediated spatial discrimination; that is. Bandit learned

to associate images in particular locations with specific target locations that had
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previously yielded rewards. Alternatively, Bandit's performance may have been based

on a rigidly defined visuo-motor adaptation that did not generalize to new target

locations. Bandit's failure with the transfer trials confirmed the results of the previous

experiment, in which Bandit's inability to use inverted/reversed images suggested that

his performance in the mirror and video conditions depended on separate visuo-motor

adaptations (or on image-mediated spatial discrimination). Bandit did succeed on

some of the transfer trials, however, which may mean he had started to generalize his

existing adaptation to the new target locations.

In Experiment 4 Sylvain's success in the inverted/reversed condition strongly

suggested that his performance depended on image-guided behaviour. However, in

this experiment Sylvain was singularly unsuccessful at finding the peanut when novel

target locations were used, something one would not expect from a subject capable of

IGB. There are four possible explanations for this apparently contradictory

performance. The first is that Sylvain is indeed capable of IGB (as evidenced by his

good performance in the inverted/reversed condition), but that his behaviour is very

inflexible, so that when the peanuts were placed in novel locations he could not

overcome the habitual behaviour of searching the bait-board, even if he recognized that

the peanuts were located elsewhere.

Another possibility is that Sylvain was not using the image of his hand to direct his

search; rather, for each image condition he had a separate visuo-motor adaptation that

he may have been able to apply selectively based on exteroceptive cues, such as

differences in the nature of the image. There are two problems with this explanation.

Firstly, it assumes that the various visuo-motor adaptations could only be successfully

applied to familiar targets; when the peanuts were placed in novel locations, no

generalization occurred. The similarity of the movements required in the control and

transfer trials means this assumption is probably not justified. Secondly, it does not

explain how Sylvain managed to perform so well in the inverted/reversed condition of

Experiment 4 without ever having had prior experience with that type of trial, which

would have been necessary in order to learn the appropriate visuo-motor adaptation.
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A third possibility is that for each image condition Sylvain had learned to use

images in particular locations as cues to search particular target locations; that is, his

performance depended on mirror- and video-mediated spatial discrimination. If this

were the case it would go far beyond anything Menzel et al. (1985) imagined possible

for monkeys; not only would Sylvain have learned multiple target locations, rather than

"one or two", but he would be able to maintain three opposing sets of associations

which he could apply appropriately according to the image condition. However,

image-mediated spatial discrimination is unlikely to be the correct explanation for

Sylvain's results given his excellent performance from the very start of the

inverted/reversed condition; he clearly was not learning a new set of associations.

The fourth explanation for Sylvain's contradictory results was suggested in the

previous chapter: that his performance in Experiment 4 depended on an extremely

efficient blind search of the bait-board. His results in this transfer experiment provide

confirmation for this explanation: Sylvain persisted in searching the bait-board for all

of the transfer trials, whereas one would expect a subject that was attending to the

mirror image (either of its hand or the peanut) to make at least some attempt to search

above or below the bait-board. Thus a subject whose performance strongly suggested

IGB was revealed to be using a completely different strategy, supporting Menzel et

al.'s (1985) argument that transfer tests such as these are essential in determining the

true nature of a subject's performance. It would therefore appear that Sylvain's

success in Experiments 2 and 3 was due to separate visuo-motor adaptations (or to

mirror- and video-mediated spatial discrimination), but when faced with images that

were continually changing orientation he was unable to cope and developed a new

strategy of blind search.

Sylvain differed from the other four subjects in this experiment in three ways: he

was an albigena rather than a torquatus, he received fewer video trials in Experiment 3

than the other subjects, and he had never received any direct experience with a mirror

or a video image (prior to the final session given after the transfer test). The other four

subjects had received direct access to a mirror placed in their home-cage and to a
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television monitor showing simultaneous video images of their group, but Sylvain's

only experience with mirror and video images was in the experimental context. With

such a small sample size one cannot say which of these factors, if any, was responsible

for Sylvain's unique performance. An interesting possibility is that Sylvain's inability to

cope with the changing images in Experiment 4 was due to his mirror and video

experience being limited to the experimental context, resulting in a certain rigidity of

behaviour. When the images did not behave as expected, they were ignored. In

contrast, the torquatus subjects had experience of mirror and video images in their

home cage as well as the experimental context, and this varied experience may have

resulted in a more general understanding of the properties of contingent images, which

they could then apply in novel circumstances.

How then does the performance of the mangabeys in my experiments compare to

the performance of Itakura's (1987a) macaques, who apparently demonstrated image-

guided behaviour in a key-tracking task (see introductory chapter, pp. 54-55)? In

phase one of Itakura's first experiment a box was placed in front of the subject with its

open side towards the mirror, and the subject had to reach out and take the box only if

it contained a piece of apple. Initially both subjects reached towards the image of the

apple in the mirror and made social responses to the mirror image, but by trial three

they were successful in retrieving the apple. None of the subjects in the experiments

described in this thesis ever reached towards the mirror image of the peanut. Both of

Itakura's subjects took well over 100 trials to reach a criterion of 95% correct, due to

the fact that they would often take the box even when it was empty. This is perhaps

comparable to the behaviour of the mangabeys in my experiments who searched on

unbaited trials when the mirror (or video) image showed that there was no peanut

present. In phases two and three of Itakura's first experiment the number of boxes was

increased to two and then three, respectively, and subjects were scored as having a

correct response only if they touched the baited box within 20 seconds without

touching an unbaited box first.
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Itakura's Experiment 2 is most comparable to the experiments described in this

thesis. Both of his macaque subjects were shaped to reach around a panel attached to

the front of their cage and search in a box mounted on the panel for a piece of apple.

Whereas Itakura's subjects were shaped to perform the necessary search behaviour, the

majority of the mangabeys in my experiments spontaneously approached the bait-board

and explored it. In phase one of Itakura's Experiment 2, the subjects had only one box

to explore; surprisingly, one subject (T542) took as many as 160 trials to reach the

95% correct criterion and the other (M486) took 280 trials. It is difficult to compare

this to the performance of my mangabeys, given that Itakura's macaques had only 20

seconds in which to search, whereas my mangabeys had 120 or 60 seconds (depending

on the experiment), and Itakura's macaques had only one possible target location,

whereas my mangabeys had 30.

In phase two of Itakura's Experiment 2 the subjects had to choose which of two

boxes (positioned on either side of the apparatus along the horizontal median plane)

contained the bait. A trial was scored as incorrect if the subject touched the unbaited

box. This phase and subsequent phases of Experiment 2 in which the number of

targets was progressively increased (to four, then eight) essentially constituted a

transfer test with novel target locations. For a subject capable of image-guided

behaviour, or even just an understanding of mirror correspondence, this task should be

no more difficult than the one-box task. However, both subjects showed a noticeable

drop in performance in the first session with two boxes; down to about 60% for one

subject (T542), and about 40% for the other (M486). This was apparently due to a

tendency to search from only one side of the apparatus. It would appear that the

subjects were not consistently able to use the mirror image to determine the actual

location of the peanut (which would indicate an understanding of mirror

correspondence), but had to learn to associate the new mirror images with the new

target locations; thus the subjects' performance appeared to depend on mirror-

mediated spatial discrimination.
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This interpretation is supported by the following results: in the four-box phase,

subject T542 showed no drop in performance, whereas subject M486 dropped to less

than 50% correct and subsequently recovered after 120 trials. The boxes were

positioned on either side of the panel, as in the two-box phase, only now they were

above and below the horizontal median plane. Subject M486's drop in performance

and subsequent recovery would be expected of a subject that was learning to use the

mirror image as a cue to search locations that had been baited in the past (mirror-

mediated spatial discrimination), but it would not be expected of a subject capable of

image-guided behaviour or visuo-motor adaptation. Subject T542's success in the

four-box phase could have been the result of a visuo-motor adaptation to the displaced

image, or of rapidly learning to associate the new target locations with their mirror

images. Both subjects showed an initial drop in performance in the eight-box phase;

they only gradually learned to search in the two 'new' boxes whose positions had not

been used in previous phases.

The failure of Itakura's macaques to reach successfully to targets placed in novel

locations suggests that their performance (at least in Experiment 2) depended on

mirror-mediated spatial discrimination; that is, that they had learned to associate mirror

images in particular locations with target locations that had previously led to reward.

Alternatively, the subjects might have developed a visuo-motor adaptation to the

mirror image, but extensive trials with a small number of targets resulted in a certain

rigidity of behaviour, such that they initially had difficulty reaching to novel targets.

The key-pressing task of Experiment 3 was essentially the same as Experiment 2, so

provided no additional insight into the macaques' capabilities. As discussed in the

introductory chapter (pp. 56), even the results of the key-tracking in Experiment 4 can

be explained as visuo-motor adaptation or mirror-mediated spatial discrimination

rather than image-guided behaviour.

Thus, on what were effectively transfer trials with targets in novel locations,

Itakura's macaques performed quite poorly. In contrast, three of the mangabeys in my

experiment were capable of finding the peanut even when it was placed in novel
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locations, which suggests that their performance depended on a genuine understanding

of mirror correspondence, or perhaps even image-guided behaviour, rather than

mirror-mediated spatial discrimination. However, one should note that the criteria for

success were more stringent in Itakura's experiments. His subjects were scored as

incorrect if they touched an unbaited (or unlit) target before the correct target, whereas

in my experiments the subjects could search incorrect locations and still be scored as

successful if they found the target. After the first few transfer trials the mangabeys in

my experiment generally reached directly to the approximate location of the peanut and

searched within a restricted area till they found it; however, they still sometimes

searched the bait-board before reaching towards the actual location of the peanut.



7

Are monkeys self-aware?

In the introductory chapter I reviewed some of the extensive literature dealing

with mirror self-recognition in primates and non-primates. One is immediately struck

by the discontinuity between the great apes and all of the other species; only great apes

and humans (and perhaps dolphins) appear to be able to spontaneously use a mirror

image to explore parts of the body not otherwise visible and pass the mark-test first

introduced by Gallup (1970). However, when it comes to interpreting what these

results mean, there are two opposing camps. On the one hand, Gallup and others (e.g.

Povinelli 1987, 1989) have argued that success on the mark test is a measure of

mirror-self recognition, and that the discontinuity in the distribution of mirror self-

recognition reflects an underlying cognitive discontinuity: in Gallup's words "The

monkeys' inability to recognize himselfmay be due to the absence of a sufficiently well-

integrated self-concept." (1977, p. 334). When placed within the cognitive framework

outlined in the introduction, Gallup's argument is that the great apes (and humans)

have second-order awareness, which depends on a capacity for secondary

representation, whereas monkeys (and most non-primates) are capable only of primary

representation and therefore only first-order awareness.

The opposing view is that success on the mark test is not the result ofmirror self-

recognition and second-order awareness, but rather depends on capacities requiring

only zero- or first-order awareness, such as the ability to use "novel, displaced visual

feedback to guide action" (Heyes 1994, p.909), or the ability to discriminate which of

two moving targets is moving contingently with the movements of one's hand

(Rumbaugh et al. 1989). Epstein et al. (1981, p. 696) argue that constructs such as

self-awareness or self-concept "impede the search for the controlling variables of the

behavior they are said to produce", and claim that success on the mark test "can be

accounted for in terms of an environmental history." Mitchell (1993) presents two
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theories outlining cognitive components necessary for success on the mark test, neither

ofwhich presuppose second-order awareness. Menzel et al. (1985, p. 216) argue that

"Species or individual differences both in Gallup's test and in ours might thus stem

from differences in the organization of visual spatial perception and ability to adapt to

spatially displaced images"; however, they acknowledge that having such an ability

might not be sufficient for mirror self-recognition.

Possessing the capacity for image-guided behaviour is therefore seen by many as

sufficient to pass the mark test and demonstrate mirror- and video-guided body

inspection. Great apes pass the mark test because they are capable of image-guided

behaviour, whereas monkeys and other non-primates fail because they cannot use

displaced visual feedback from the mirror (or video) to guide their actions. Menzel et

al. (1985) demonstrated that two chimpanzees, but not four rhesus macaques, were

capable of using mirror and video images of their unseen hands to direct their hands to

a target visible only in the mirror (or video). This was presented as evidence that

chimpanzees, but not monkeys, are capable of image-guided behaviour. Furthermore,

the chimpanzees were assumed to have been capable of image-guided behaviour

because they recognized the image of their hand as their own. However, a capacity for

self-recognition is not a prerequisite for success on the task used by Menzel et al. A

subject that can use the moving image of its hand to guide its movements need not

necessarily understand that the image is a representation of its own hand; a light

moving contingently with the subject's hand might serve the same purpose.

In the preceding chapters I tested whether, contrary to Menzel et al.'s

assumptions, monkeys as well as chimpanzees are capable of image-guided behaviour.

The basic task required subjects to find a peanut placed in 1 of 30 compartments of a

bait-board which faced away from them; therefore neither the target nor the subjects'

hands as they searched could be seen directly. I first tested whether monkeys that had

no previous experience with mirrors would be capable of using a mirror image of the

hidden target to direct their hands to the real location of the target. By the end of the

experiment only one subject (out of 13) showed any evidence of superior performance
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in the presence of the mirror; however, had the experiment continued for a longer

period of time it is possible that more subjects would have learned to use the mirror

image to direct their search. Since the primary goal of the experiment was to select

mirror-using monkeys that could serve as subjects in a replication of Menzel et al.'s

experiment, it was decided to end the experiment and give the subjects direct exposure

to mirrors, with the aim of increasing the chances of finding subjects capable of using

the mirror image.

Ten of the thirteen subjects were then given direct access to a mirror in their home

cages. At first the monkeys responded to their reflections as though they were seeing

an unfamiliar conspecific; they directed affiliative and aggressive social behaviours

towards the image, and looked and reached behind the mirror as though searching for

the 'other monkey'. Interest in the mirror soon waned, however, and by the start of the

next experiment the subjects rarely directed social behaviours towards the mirror.

Task difficulty in this experiment was increased by modifying the bait-board and

reducing trial length; nevertheless, five subjects (three torquatus, two albigena)

performed better on the search task when they had a mirror present. However, it was

not possible to determine whether the subjects were successful because: (i) they were

tracking the moving image of their hands (image-guided behaviour), or (ii) they had

learned the motor responses appropriate to the displaced visual field (visuo-motor

adaptation). Only experiments using video images provide the necessary controls to

differentiate between these two possibilities, thus four torqnatns (Karlo, Bandit,

Nancy, Sarah) and one albigena (Sylvain) were chosen as subjects for further video

experiments.

Prior to introducing the video image protocol the four torquatus subjects were

given direct experience with simultaneous video images of themselves on a monitor

placed next to their home cage. Interest in the images was high in the first session

when the monitor was directly beside the cage mesh, and very low in subsequent

sessions when the monitor was moved to a distance of 50 cm. As with the mirror,

subjects directed social behaviours towards the video image, and attempted to make
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contact with the 'virtual monkey'. The subject Karlo also engaged in some unusual

behaviours which suggested that he was experimenting with movement contingency.

The albigena subject, Sylvain, was not given direct access to simultaneous video

images prior to the start of the video experiment.

Instead of a mirror the subjects could watch a monitor displaying a simultaneous

video image of the bait-board and their search behaviour. All five subjects were

significantly faster and more successful at finding the peanut when a video image was

present, indicating that they were using the image in some way to direct their search

for the hidden peanut. The fact that the subjects could switch relatively unhindered

from using a mirror image to using a video image (left-right reversed relative to a

mirror) suggests that they were capable of image-guided behaviour, but an alternative

explanation is that they rapidly learned a new visuo-motor adaptation.

To assess this possibility, the same five subjects were then presented with a quasi-

random sequence of video images, mirror images, and inverted/reversed video images,

with the type of image changing from one trial to the next. None of the subjects had

seen an inverted/reversed video image prior to the start of this experiment. All five

subjects were significantly more successful and faster with the video and mirror images

than they were with no image at all. Sylvain was also significantly faster and more

successful with inverted/reversed images than he was with no image, whereas Bandit

performed as poorly with inverted/reversed images as he did with no image. In terms

of speed and success, Karlo, Sarah, and Nancy's performance with inverted/reversed

images was worse than with normal video or mirror images, but better than with no

image at all.

The ability of Karlo, Sarah, Nancy, and Sylvain to cope with the unfamiliar

inverted/reversed images suggests that they were all capable of image-guided

behaviour, whereas Bandit's failure suggests that his performance depended on

maintaining two separate visuo-motor adaptations, one for mirror images and one for

video images. An alternative explanation is that Karlo, Sarah, and Nancy were also

using visuo-motor adaptation, and that their intermediate performance with the
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inverted/reversed images was due to the gradual acquisition of an adaptation

appropriate to that condition. One might also argue that the performance of these

subjects depended on learned associations between particular image locations and

particular targets (mirror- and video-mediated spatial discrimination), although this

would go far beyond what Menzel et al. (1985) considered possible for subjects

capable ofmirror-mediated spatial discrimination. However, the gradual acquisition of

a new visuo-motor adaptation (or set of image-target associations) cannot account for

Sylvain's performance, since his skill with the inverted/reversed images was equal to

the other two image conditions from the very first trial. A detailed examination of

Sylvain's data revealed that his performance in the no image condition differed

significantly from the other conditions only for the first few trials, which suggests that

Sylvain's performance might have been due not to image-guided behaviour, but rather

to an extremely successful blind search of the bait-board.

A final transfer experiment was carried out to test whether Karlo, Sarah, and

Nancy were merely using a sophisticated form of mirror- and video-mediated spatial

discrimination rather than image-guided behaviour or an understanding of mirror and

video correspondence. The peanuts were placed in novel locations above and below

the bait-board, and the subjects were given a mirror image on every trial. Karlo,

Sarah, and Nancy were all successful at finding the peanuts even when they were

placed in new locations, whereas Sylvain failed to find the peanut on 14 of the 15

transfer trials; not surprising, given that he restricted his search exclusively to the bait-

board. Bandit was somewhat more successful than Sylvain at finding peanuts in novel

locations, but his performance did not compare with Karlo, Sarah, and Nancy. The

ability ofKarlo, Sarah, and Nancy to find the peanut even when it was placed in novel

locations indicates that their performance was based on image-guided behaviour or an

understanding of mirror and video correspondence rather than mirror- and video-

mediated spatial discrimination. In addition, Sylvain's complete failure on the transfer

test provides further evidence that his success in the various image conditions of the

preceding experiment was due to a highly efficient blind search of the bait-board rather
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than a capacity for image-guided behaviour or visuo-motor adaptation. Bandit's

comparatively poor performance on the transfer trials suggests that his behaviour

might be the result of sophisticated mirror- and video-spatial discrimination rather than

visuo-motor adaptation. Alternatively, it is possible that he was capable of visuo-

motor adaptation but that his behaviour was rather inflexible, causing him to search the

bait-board out of habit even when he recognized that the peanut was in another

location.

Where, then, do these subjects place with regards to the hierarchy of cognitive

processes involved in mirror- and video-mediated search tasks (see pp. 43-48)? Social

facilitation can easily be dismissed as an explanation of their results. The mirror and

video monitor showed only the bait-board and the subjects' arms as they searched,

rather than a whole-body reflection, thus the social stimulus potential of the image was

limited (see p. 109). The mirror had no overall beneficial effect on performance in

Experiment 1 whereas it did in Experiment 2; one might expect social facilitation

effects to remain steady or decrease across experiments, but one would not expect

such a dramatic increase. Mirror-triggered searching is also unsatisfactory as an

explanation because the subjects did not indiscriminately search all known target

locations; rather, they directed their reaches towards the appropriate target location.

The question, then, is whether the performance of the subjects in this experiment

depended on: 1) mirror- and video-mediated spatial discrimination (using the image as

a cue to search specific locations that have been baited in the past); 2) visuo-motor

adaptation or an understanding of mirror correspondence (using the location of the

target's image to reach towards the corresponding real-world location of the target); or

3) image-guided behaviour (monitoring the relative positions of the image of the hand

and the image of the target and using this feedback to guide the hand to the target).

Menzel et al. (1985) suggest that monkeys are probably only capable of mirror-

mediated spatial discrimination However, even if that were true for the mangabeys in

my experiments, they nevertheless outperformed the four rhesus macaques described

by Menzel et al. My subjects were able to find the peanut in a bait-board with 30
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compartments, as compared to the "one or two" fixed target locations used by Menzel

et al., and they were capable of doing so when the orientation of the image changed

from one trial to the next, which means they must have been able to remember separate

sets of image-target associations. If the subjects ofmy experiments were using mirror-

and video-mediated spatial discrimination, it was in a far more sophisticated manner

than anything envisaged by Menzel et al.

Karlo, Sarah, and Nancy were all able to use both mirror and video images to

direct their search for a hidden target, and to switch between the two types of image

with no significant decrease in performance. Their performance with inverted/reversed

images was not as good as with mirror or video images, but was better than with no

image at all. In addition, they were able to use a mirror image to find targets that were

hidden in novel locations. This indicates that their performance was not due to mirror-

and video-mediated spatial discrimination, but rather to an understanding ofmirror and

video correspondence (visuo-motor adaptation) or perhaps even image-guided

behaviour. The subject Sylvain could use both mirror and video images to direct his

search, and was also successful on inverted/reversed trials, but failed to find the peanut

when it was placed in novel locations. Thus despite a performance that resembled that

of a subject capable of image-guided behaviour, in Experiment 4 Sylvain appeared to

be using a different strategy; to wit, a highly efficient blind search of the bait-board.

Bandit's poor performance with inverted/reversed images indicates that he was not

capable of image-guided behaviour; furthermore, his difficulty in obtaining the peanut

when it was placed in novel locations suggests that his performance was the result not

of visuo-motor adaptation or an understanding of mirror and video correspondence,

but rather of sophisticated mirror- and video-mediated spatial discrimination.

Alternatively, he may have had two visuo-motor adaptations, one for mirror images

and one for video images, but due to a certain inflexibility of behaviour he had trouble

searching target locations away from the bait-board.

How do these results compare with Menzel et al. (1985)? The evidence they

presented for their chimpanzees consisted primarily of diagrams showing the paths
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traced by the chimps' hands as they reached for the target under different image

orientations. However, the interpretation of this type of data is subjective: Menzel et

al. argue that it is clear from these pictures that the subjects were tracking the image of

their hands, whereas Heyes (1994) comes to a very different conclusion. She argues

that the results of Menzel et al. do not provide compelling evidence that the

chimpanzees were monitoring the image of their hand in order to direct their search for

the target. Instead, the diagrams showing the routes traced by the subjects' hands

suggest that the chimps "initially moved their hands in the direction of its virtual

location and then, after some flailing about in that region, either moved their hands in

the opposite direction, initiated a random search, or withdrew their hands terminating

the trial" (p. 914). Because of their subjective nature I have therefore not included

diagrams such as this, although by watching the videotapes ofmy subjects it is easy to

determine from their search behaviour whether they have an image to guide them or

not. Menzel et al. also showed that the chimps were capable of correctly choosing

between a monitor showing a simultaneous video image of the target zone and one

showing a prerecorded control tape; however, as discussed in chapter five (pp. 259-

260), comparable control trials were not feasible in my experiments.

Something Menzel et al. did not do is provide quantitative data comparing the

subjects' performance in the different image conditions, thus there is no way of

knowing if the chimpanzees' success or speed varied consistently according to the

orientation of the image. The only data of this sort that they presented were the times

to touch the target for the 10 trials per subject for which they showed the subjects'

search paths. In fact, Austin took longer on all three inverted/reversed trials than he

did on any of the other trials, and Sherman failed two of the three inverted/reversed

trials and took longer on the third than he did with any of the other trials. It thus

appears from these scanty data that the chimpanzees were less proficient with the

inverted/reversed images than they were with normal, reversed, or inverted images,

just as three of my mangabeys were (Karlo, Sarah, and Nancy), and just as human

children are (Brechmann et al. 1989). Although Menzel et al. state that in the first 20
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trials of a later experiment neither chimpanzee took longer than 15 seconds to touch

the target on any trial, that still does not prove that they were equally fast in all of the

image conditions.

Menzel et al. noted that the four rhesus macaques that they used as subjects in the

mirror experiment were unable to reach directly to the target when it was placed in a

novel location, whereas three of my mangabeys (Karlo, Sarah, and Nancy) were

capable of obtaining the peanut on transfer trials with novel locations. My subjects did

not usually reach absolutely directly for peanuts placed in novel locations (as evidenced

by the increase in time and number of attempts required to find the peanut), but nor did

they search randomly and find the peanut by trial and error (performance was not

significantly worse than for peanuts in familiar locations). Furthermore, the rhesus

macaques used by Menzel et al. made social displays towards their mirror image

during testing, whereas none of my subjects ever did this, even when shown a video

image which included the search holes as well as the bait-board and they could

therefore see most of their body, and not just their arms. (Although it should be noted

that several other mangabeys who were unable to use an image to direct their search

also failed to make social displays towards the video image in the same situation. The

difference in social responding may therefore be due to species rather than differential

understanding of displaced images.)

I feel that I have presented evidence of image-guided behaviour for the subjects

Karlo, Sarah, and Nancy that is at least as convincing as that provided by Menzel et al.

for their two chimpanzees. If one accepts this conclusion, one must then ask why their

macaques failed to show image-guided behaviour. The obvious answer is that the

sample size was too small; after all, out of 13 original subjects, only three of the

mangabeys in my study eventually gave results indicative of image-guided behaviour.

However, it is likely that had Experiment 2 continued for a longer period, more of the

subjects would have shown evidence of using the mirror image. The fact that Nancy -

who showed comparatively little evidence of using the mirror image in Experiment 2 -

went on to show a highly significant benefit of the video image in Experiments 3 and 4
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indicates that many of the 13 original subjects might have performed similarly if there

had been sufficient time to test them all.

Furthermore, even those ofmy mangabeys who were not capable of image-guided

behaviour achieved a level of performance that surpassed Menzel et al.'s rhesus

macaques. Whereas their monkeys apparently learned to discriminate between only

two target locations, Bandit was successful when faced with 30 target locations, and

additionally he could switch between two separate adaptations according to whether a

mirror or a video image was present.

There are many possible explanations for the observed difference in performance

between the monkeys of this study and those ofMenzel et al. It might reflect an actual

species difference, either in cognitive ability or motivation. Or it might be the result of

different rearing histories and social environments: the mangabeys in this study were all

group-housed, and although Menzel et al. do not provide any information on the

history of their macaque subjects, laboratory monkeys are often housed singly or in

pairs. Perhaps the sterility of the macaques' environment relative to the mangabeys' of

this experiment impaired their cognitive development. An intriguing possibility relates

to the fact that Menzel et al. attempted to "shape" mirror-guided reaching in their four

macaques, whereas the behaviour of the mangabeys in my experiments was all

spontaneous. Perhaps their attempt to 'train' the desired behaviour had the opposite

result, resulting in a rigidity of behaviour that prevented the macaques from expressing

their full potential. By shaping the subjects' responses to specific locations, the

experimenters may have unintentionally trained the subjects to ignore information in

the mirror image that they might otherwise have learned to use. There is insufficient

evidence to determine which, if any, of these hypotheses is correct. However, it is

clear that sweeping conclusions should not be drawn based on a small number of

subjects from one species, and it is possible that shaping behaviours using operant

techniques might actually prevent a subject from expressing more complex cognitive

capacities.
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A variety of other studies have attempted to ascertain whether monkeys and non-

primates are capable of the sort of sophisticated visually-guided behaviour

demonstrated by chimpanzees. Subsequent to Menzel et al.'s (1985) claim that

monkeys are probably incapable of image-guided behaviour, Anderson (1986)

demonstrated that a Tonkean macaque and a long-tailed macaque had spontaneously

learned to use the mirror image of a hidden target to direct their search for that target

(see p. 53). In the Anderson experiment raisins were stuck to the base of the cage

below the wire mesh. Subjects watched as the experimenter approached the target

area and made six to eight baiting motions, only one of which was real. When the

experimenter moved away the subjects would approach and search the target area by

reaching through the holes of the cage mesh. For the two subjects in question number

of attempts and time to find the raisin were considerably less when the mirror was

present than when it was not. The Tonkean macaque was also successful on transfer

trials in which the raisins were stuck to a vertical support. On control trials in which

no raisin was stuck to the target area both subjects rarely searched if the mirror was

present, whereas they did search on unbaited trials if the mirror was covered.

These results cannot be attributed to mirror-induced social facilitation of searching

because the subjects did not search on unbaited trials when a mirror was present.

Similarly, mirror-triggered searching is not an adequate explanation of the results

because the subjects were capable of finding the raisin in as few as two attempts, which

indicates that the subjects were reaching directly to the correct location of the target

rather than indiscriminately searching all known target locations. The ability of the

Tonkean macaque to find raisins placed in novel locations indicates that its

performance was not simply the result of mirror-mediated spatial discrimination.

However, with this experimental design it is not possible to determine whether the

subject's performance was the result of an understanding ofmirror correspondence (or

visuo-motor adaptation) or image-guided behaviour. Marchal and Anderson (1991)

demonstrated that three capuchin monkeys were faster and required fewer attempts to

find hidden food in the presence of a mirror, but they did not include unbaited controls
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or transfer trials with novel target locations, so it is not possible to rule out mirror-

mediated spatial discrimination as an explanation of the monkeys' performance.

Itakura's (1987a) demonstration that two Japanese macaques could track a

moving target using its mirror image strongly suggested that their performance

depended on image-guided behaviour. The test apparatus consisted of a panel with

twelve keys which was attached to the front of the test cage; a mirror directly opposite

reflected the panel and the subjects as they searched. In the first phase the subjects

were rewarded for pressing a single illuminated key. In the next phase, immediately

after a lit key was pressed it went dark and second, adjacent key was illuminated. The

subjects were rewarded only if they then pressed the second key. In subsequent phases

the subjects had to press three and finally four keys in sequence in order to obtain a

reward. During a sequence the keys were always adjacent and the direction of

movement did not change. In a final test phase the subjects were randomly presented

with one, two, three, and four key sequences.

The ability of these macaques to correctly press randomly presented sequences of

keys suggests that they were continuously monitoring the image of their hands in the

mirror, and that they were thus capable of image-guided behaviour. However, as

discussed in the introduction (p. 55), a subject could succeed on the tracking task by

attending only to the image of the target, thus this experiment does not provide

conclusive proof of image-guided behaviour in monkeys. Furthermore, in experiments

preceding the key-tracking task (described on pp. 284-286) Itakura's subjects were

unsuccessful with novel target locations, which suggests that their performance was

merely the result of mirror-mediated spatial discrimination (at least in these earlier

experiments).

Another possibility is that the subjects did have an understanding of mirror

correspondence (or even image-guided behaviour), but that extensive trials with a

limited number of locations resulted in habitual behaviour which interfered with their

ability to reach to novel target locations. The precise control of search behaviour

demonstrated in the key-tracking task would seem to support this alternative. Itakura
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noted that the subjects were most likely to make errors on the last key in sequences in

which the lit keys were located on the diagonal; in such cases the monkeys tended to

press the keys along the vertical plane. This sort of error seems more appropriate for a

subject that uses only the image of the target to direct its search (understanding of

mirror correspondence), rather than a subject that continuously monitors the relative

positions of both its hand and the target in the mirror (image-guided behaviour).

For a subject capable of image-guided behaviour, the difficulty of the key-tracking

task should be essentially the same regardless of the number of keys in the sequence,

since the subject is continually monitoring the image of its hand relative to the

successive targets. For a subject whose performance depends on an understanding of

mirror correspondence, however, increasing the sequence length should increase the

difficulty of the task (at least initially), because the subject must make an increasing

number of visuo-spatial judgements on any one trial. The performance of both of

Itakura's subjects dropped every time the sequence length was increased by one key.

For example, subject M486 dropped from approximately 95% correct trials at the end

of the two-key phase to less than 50% correct at the start of the three-key phase, and

subject T542 dropped from about 95% correct at the end of the one key phase to

about 75% correct at the start of the two-key phase. This suggests that the subjects'

performance may have been due to an understanding of mirror correspondence rather

than image-guided behaviour.

As further evidence that his macaques were capable of image-guided behaviour

Itakura noted that on an informal test in which the mirror was covered just before the

subjects could respond, one subject chose the correct side from which to search, but

did not extend its hand, whereas the other searched without attending the mirror, and

failed to find the target. However, the subject that failed to search might have reacted

thus not because it no longer had the image of its hand as a guide, but because the

image of a target served as a cue to search. The subject that did search may have been

exploring the apparatus with no regard to the presence or absence of the mirror.
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Eglash and Snowdon (1983) did not test their pygmy marmosets on mirror-

mediated search tasks such as those described above; nevertheless, they argued that

some of their subjects demonstrated visuo-spatial problem solving skills indicative of

an understanding of mirror correspondence. Eglash and Snowdon observed that

threats to and physical exploration of a mirror by the pygmy marmosets declined

rapidly after the first day of exposure, whereas mirror-directed behaviours such as

observing the image or testing movement contingency were more frequent and

habituated more slowly. Furthermore, when the mirror was moved to a new location

after 21 days, exploratory and mirror-directed responses - but not threats - increased

significantly on the first day in the new location (and then habituated rapidly). Testing

movement contingency involves engaging in rhythmic body movements in front of the

mirror, and it presupposes that the subject recognizes the correspondence between its

own movements and the movements of the image.

When the mirror was positioned in order to reflect an otherwise non-visible

neighbouring conspecific, some of the subjects used the mirror image to direct genital

displays to the real location of the neighbouring animal; these marmosets therefore

achieved the equivalent of Bertenthal and Fischer's (1978) toy task (see p. 26). This

suggests that the marmosets had an understanding ofmirror correspondence, because

they could respond appropriately to 'targets' in a variety of locations. However, if the

marmosets only displayed in the general direction of the neighbouring monkeys rather

than towards their precise real-world locations, their behaviour could be the result of

associative learning rather than visuo-spatial problem solving (using the mirror image

as a cue to signal the presence of other monkeys). Given that the subjects were in fact

directing their displays to a blank wall, one wonders just what aspects of the visuo-

spatial parameters of the problem they understood. On the one hand, they might only

have understood that there were monkeys present behind the wall (associative

learning). At the other extreme, one might argue that the subjects realized not only

that they could see the neighbouring monkeys, but that the neighbouring monkeys

could see them, and would understand that the genital display was directed towards
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them (understanding of mirror correspondence and visual perspective taking). These

data therefore suggest but do not prove that marmosets are capable of visuo-spatial

problem solving due to an understanding ofmirror correspondence.

Rumbaugh etal. (1989) provide some of the most convincing evidence to date for

image-guided behaviour by monkeys, using a design involving target-tracking on a

computer screen rather than mirror or video images. In their first experiment, "target

wall training", the subjects (two rhesus macaques) could control the movement of a

cursor on a computer screen by moving a joystick, and to get a reward they had to

bring the cursor into contact with any part of a target wall that bordered the computer

screen on all sides. In the next phase of this experiment, one randomly selected wall of

the border was eliminated on each trial; responses to the non-target wall were not

rewarded but nor were they penalized by ending the trial. In subsequent phases of the

experiment the number of target walls was reduced to one, and once the subjects

responded reliably to a single, randomly selected wall, the size of the target wall was

systematically reduced.

Once the subjects had learned to respond accurately to a small, stationary target

they were given a "chase task". In this experiment a trial began when the target (a 2.5

by 1.9 cm box)appeared at a random location along the border of the screen. The

target moved directly across the screen in a random direction; if it reached the screen's

border, it reflected back onto the screen at a 45° angle and continued moving in a

straight line. The subjects had to bring the cursor into contact with the target in order

to obtain a reward. The target only moved when the cursor moved, thus the target's

movement but not its direction was contingent on manipulation of the joystick. The

final experiment involved a "pursuit task", in which the subjects had to track a moving

target (a 5 cm diameter circle) on the screen by maintaining contact between the cursor

and the target. Thus the subjects had to continuously attend to the target and adjust

the cursor's position relative to the target.

Both subjects performed above chance on the target wall task even early on in the

training process. Since the subjects had to learn to respond directly to one of a small
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number of familiar target locations, this is functionally equivalent to mirror-mediated

spatial discrimination. Success on the chase task could be the result of associative

learning or visuo-motor adaptation, or the subjects could have understood the

correspondence between the movements of the joystick and the movements of the

cursor, and used visuo-spatial problem solving (equivalent to an understanding of

mirror correspondence) to determine where to direct the cursor.

Rumbaugh et al. argued that their subjects were successful on the pursuit task

because they continuously monitored the relative positions of the cursor and target,

and moved the joystick in such a way as to keep the cursor on the target. This fulfils

the requirements for image-guided behaviour: the ability to use continually changing

visual feedback from a displaced source to guide behaviour. However, it is not certain

that the subjects were in fact continuously monitoring the relative positions of cursor

and target. Both macaques were successful on approximately 90% of pursuit trials in

which the tracking duration was 0.5 seconds (an error was scored when the cursor

disengaged from the target). This seems impressive, until one considers that the target

was 5 cm wide and moving at a speed of only 2.5 cm/second. Under these

circumstances, the subjects need only have moved the cursor over the center of the

target, and even if they had not tracked the target's movement the cursor would not

have disengaged from the target in the time required. The subjects were only

successful on about 70% of trials in which tracking duration was 1.5 seconds, and

percentage successful trials ranged between about 50 and 65% for tracking durations

of 2.5 to 10 seconds. Furthermore, given that the targe/ a/ways moved in a predictable

fashion (straight lines rather than randomly across the screen), the subjects could have

brought the cursor into contact with the target and then continued to move it without

attending to the actual position of the cursor. However, Rumbaugh et al. noted that

on one occasion one of their subjects continued to perform successfully even though

its joystick had malfunctioned, causing the cursor to move left and up when the

joystick was moved right and down, respectively. This suggests that the subject did

not simply associate particular joystick movements with particular cursor movements,
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but was capable of monitoring the effect of its joystick movements on the cursor and

compensating accordingly.

The preceding criticisms highlight just how difficult it is to establish whether an

individual is really using image-guided behaviour rather than an understanding of image

correspondence or some other strategy. Tracking tasks provide the best way of

demonstrating image-guided behaviour, because they require the subject to

continuously monitor the relative positions of the target and the cursor (or the image

of the target and the image of its hand). However, the target must be continuously

present, unlike Itakura's (1987a) tracking task, and it should move completely

randomly, rather than in a predictable fashion, as in Rumbaugh et al. (1989).

The search task used by Menzel et al. (1985) and myself is in some ways both

simpler and more complex than Rumbaugh et alls joystick task. It is simpler because

the subjects reach for a stationary rather than a moving target, and they do not have to

choose which of two moving images (i.e. cursor versus target) is contingent with their

behaviour. It is more difficult in that subjects have to guide the movements of their

whole arm rather than just make small movements of the hand. The advantage of a

joystick task which requires subjects to track a moving target is that it can completely

eliminate the possibility that performance depends on visuo-motor adaptation, if the

movements of the target are completely random. In any case, the ability of monkeys as

well as chimpanzees (Savage-Rumbaugh 1986) to succeed on the joystick task tends to

confirm that the performance of some of the mangabeys in my experiments was

comparable to Menzel et alls chimpanzees.

Monkeys and great apes are not the only animals that have been tested on mirror-

mediated search tasks. Povinelli (1989) demonstrated that two Asian elephants could

use mirrored information to find hidden targets even when they were placed in novel

locations. Testing began after seven days of continuous mirror exposure. In the

absence of the elephants carrots were placed in three of five locations just outside of

the test cage. For one cage the target locations were in a drainage gutter below the

level of the floor of the cage, for the other they were placed in a metal bar at eye level.
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The carrots could not be seen directly, so the only cue to their presence was the mirror

which reflected the target area. On pre-trials in which baits were placed but the mirror

was not available the subjects failed to find any of the carrots, which indicates that they

were unlikely to find the carrots as a result of olfactory cues or by chance.

On test trials the mirror was positioned so that it revealed two of the three baited

locations. On control trials the mirror was not present or was angled away so that it

did not reflect the target area. At the end of the experiment a transfer test was carried

out in which two carrots were placed in novel locations above the cage. A trial lasted

till all of the carrots were found or for 15 minutes. Both elephants were present during

trials. The first carrot found on all test trials was always one of the two visible ones,

which is significantly greater than chance. Once the first carrot was found, however, it

appeared that both elephants realized more carrots might be present, and they adopted

a variety of search behaviours that did not necessarily depend on the mirror. On two

of the three control trials none of the carrots were found within the 15 minute limit,

whereas on the other control trial a single carrot was found apparently by chance after

over 10 minutes. On the transfer trial each subject approached and looked in the

mirror and then reached directly to one of the hidden carrots. The transfer trial carrots

had been in position for two days before the transfer test, but they were not visible in

the mirror, and during this time the subjects never explored the novel locations.

The performance of the elephants in this experiment cannot be due simply to

mirror-induced social facilitation of searching, because the first carrot found was

invariably one that was visible in the mirror, which indicates that the subjects were not

finding the carrots by chance (at least not the first one). Their success on the transfer

trial with novel locations indicates that performance was not simply the result of

mirror-mediated spatial discrimination. Thus their performance was due either to an

understanding of mirror correspondence, or perhaps even image-guided behaviour.

Povinelli makes a distinction between mirror-triggered searching, mirror-mediated

spatial locating, and mirror-guided reaching (see pp. 43-48), and concludes that his

data can support only that elephants are capable of mirror-mediated spatial locating
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(which is the same as an understanding of mirror correspondence). However, other

observations suggested that the elephants might have been monitoring their mirror

image, since they appeared to modify their search behaviour on the basis of mirrored

information.

Pepperberg et al. (1995) have demonstrated similar mirror-mediated search

abilities in two African grey parrots. In their first experiment a box was located

between the parrot and mirror with the open side facing towards the mirror. The box

contained either a positive (food, toy) or negative (frightening objects) stimulus, and

the subjects either approached or retreated from the box, as appropriate. Since the

subjects reacted to the actual object rather than the mirror image of the object, they

were clearly capable ofmirror-mediated object discrimination. In order to test whether

parrots can distinguish between reflected and non-reflected information, one of the

subjects was given additional testing wherein identical boxes were placed in front of

and behind an empty frame; one box contained a positive stimulus and one a negative

stimulus. On 29 or 30 trials the subject obtained the positive stimulus: if the positive

stimulus was in the box behind the frame (and therefore directly visible), he would

walk straight to it. If it was in the box in front of the frame (negative stimulus visible),

he would explore the box. Thus this subject was able discriminate between trials in

which it had reflected information to respond to and trials in which it could respond to

objects directly.

In another experiment Pepperberg et al. demonstrated that the parrots could use

the mirror to determine which of three possible target locations was baited. After

scanning the mirror image they were given one chance to select the appropriate target

location. For each target site both subjects chose correctly significantly more often

than not. For example, the subject Alo chose site A on 24 out of 32 trials in which site

A was baited; site B on 30 out of 30 trials in which site B was baited; and site C on 24

out of 30 trials in which site C was baited. These results cannot be explained by

mirror-induced social facilitation or mirror-triggered searching, because the subjects

selected the correct target site rather than searching targets indiscriminately. However,
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on their own these data can be explained as simply mirror-mediated spatial

discrimination; the parrots may have learned to associate an image in a particular

location with the experience of obtaining rewards from that location in the past.

Pepperberg et al. also carried out a transfer experiment in which the subject had to

use the mirror (placed in a different location than usual) to find targets in novel

locations. In addition, control trials were carried out in which the hidden bait was

present but the mirror was covered, and in which the mirror was present but the bait

was placed so that it did not reflect in the mirror. The subject (Alo) was successful on

six out of eight trials in which both a bait and its reflection were present. She failed to

find the bait on all four trials in which the mirror was covered, and on the four trials in

which the bait was present but not reflected, Alo checked the mirror but did not

search. These results clearly indicate that Alo had an understanding of mirror

correspondence; not only could she find baits placed in novel target locations, but she

did not search when the mirror indicated that there was no reward. Although

Pepperberg et al. note the difficulty in adapting tests of image-guided behaviour to suit

psittacine anatomy, they argue that "mirror studies can provide a hierarchical scale for

assessing and comparing perceptual and cognitive abilities of diverse species."

The results of all of these studies suggest that monkeys and certain non-primate

species are capable of processing information about spatially displaced reaching efforts

and carrying out sophisticated visuo-spatial problem solving based on information from

displaced images. This calls into question the position advanced by Heyes (1994) and

others {e.g. Menzel et al. 1985) that success on the mark task can be explained solely

by the ability to use spatially displaced images. In Povinelli's (1989, p. 130) words,

these results "do not support the hypothesis that self-recognition is but an

epiphenomenon of complex visually directed or spatially dislocated monitoring

abilities."

In her critique of the mirror self-recognition literature, Heyes (1994) argues that

the only kind of 'self-concept' an animal needs to be able to use a mirror image as a

source of information about its own body is the ability to distinguish itself from the rest
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of the world; that is, "to be able to distinguish, across a fairly broad range, sensory

inputs resulting from the physical state and operations of its own body, from sensory

inputs originating elsewhere." Even the simplest of organisms are capable of this

fundamental distinction, which presupposes only zero-order awareness; it is an element

of the machinery of self, to use Lewis's (1994) terminology. Heyes observes,

correctly, that an animal that cannot make this distinction would be unable to

recognize that its mirror image was contingent with its own movements. However,

she assumes that an animal that is capable of such a distinction would also be capable

ofmirror-guided body inspection, without explaining why this should be the case.

According to Heyes, therefore, species differences in success on the mark test and

mirror-guided body inspection are not due to the presence or absence of a self-

concept, but to differences in the ability to guide behaviour using novel, displaced

visual feedback from the mirror image (i.e. image-guided behaviour). Although Heyes

discounts Menzel et al. (1985) as evidence of image-guided behaviour in chimpanzees

(see chapter one, pp. 51-53), she points out that both chimpanzees (Savage-Rumbaugh

1986) and rhesus monkeys (Rumbaugh et al. 1989) are capable of using novel,

displaced visual feedback from a computer screen to guide hand movements (see

above, pp. 302-303). On this basis she argues that chimpanzees and monkeys are both

capable of image-guided behaviour, and should therefore both be capable of mirror-

guided body inspection and able to pass the mark test.

IfHeyes is correct in her assertion that mirror-guided body inspection depends on

image-guided behaviour, why then do great apes give evidence of such self-inspection

whereas monkeys do not, even though both are capable of image-guided behaviour?

She first suggests that in the test context monkeys might use the mirror to determine

that they have a mark on their head, but that they lack the motivation to inspect the

marks they know are present. This is highly unlikely given that most monkeys will

intently groom marks that are visible without a mirror (e.g. Anderson 1984b, p. 93;

Boccia 1994).
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Alternatively, Heyes suggests that monkeys might fail to detect the contingency

between themselves and their image because:

.. they did not receive, or did not attend to, direct feedback from their bodies
while viewing the mirror image...The social behaviour exhibited by monkeys
may yield less intrinsic feedback than the auto-grooming behaviour exhibited
by chimpanzees, and the monkeys may process the feedback that they do
receive less thoroughly because they are more emotionally aroused, (p. 916)

This may be the case for individual monkeys, but it certainly does not apply to

monkeys in general. There are species and individual differences in the amount and

persistence of social responding to mirrors; for example, Eglash and Snowdon (1983)

observed that threat responses by pygmy marmosets to their mirror image declined

after only one day. Furthermore, the fact that some monkeys perform movement

contingency testing behaviours in front of a mirror (e.g. Collinge 1989; Eglash and

Snowdon, 1983; McKiggan, this thesis) demonstrates that they can in fact attend to

kinesthetic feedback from their bodies while viewing their mirror image. However,

Heyes also suggests that "even when monkeys receive and attend to direct and mirror

feedback, they may be unable to detect the relationship between them." The ability of

monkeys to use mirrored information to reach directly to hidden targets (Anderson

1986; Itakura 1987a,b; McKiggan, this thesis; Marchal and Anderson, 1983; see also

Povinelli, 1987 for citations of earlier studies) clearly discredits this suggestion. Heyes

does not cite a single one of these publications. Given the strong claims she makes

with regards to the relationship between mirror-mediated behaviours and mirror self-

recognition, it is incredible that her literature review failed to include any of the many

studies demonstrating such mirror competency in monkeys.

Even if Heyes' assumption regarding feedback proved to be correct (self-

grooming might be the only suitable feedback, and monkeys do not appear to spend

much time self-grooming in front of the mirror), it would still be necessary to explain

why chimpanzees and monkeys behave differently in front of the mirror to begin with.

According to the framework outlined in chapter one, it is because chimpanzees are
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second-order aware; they are capable of secondary representation, and are able to

represent (recognize) that what they are seeing is a representation of themselves.

Monkeys, on the other hand, are only first-order aware; they react (at least initially) as

though faced with an unfamiliar conspecific.

Heyes offers two objections to this explanation. First, she argues that

identification of the mirror image as 'self rather than 'other' might be a consequence of

mirror-guided body inspection (because the subject recognizes that the movements of

the mirror image are contingent with its own movements), but that it is not a cause of

mirror-guided body inspection. Heyes gives no justification for why this should be the

case. In fact, it seems likely that an animal with second-order awareness who sees its

mirror image for the first time eventually learns to identify the mirror image as self

rather than other because it comes to recognize the contingency between its own

movements and those of the image; however, the movements in question need not be

restricted to self-grooming. Once the animal has established that the image it sees is

an image of itself, it can then use that understanding to engage in mirror-guided body

inspection.

Second, Heyes points out that an animal that touches a mark on its forehead after

seeing its reflection in the mirror might do so not because it recognizes that it is

looking at itself, but because it sees an unfamiliar animal with a mark on its head, and

wonders if it also has a mark on its own head. She argues that a necessary control for

this possibility would be to test whether subjects touch their foreheads after seeing

familiar, marked conspecifics. Gallup (1994, p. 36) notes that "although chimpanzees

do sometimes touch and inspect marks on each other when they are returned to group

cages following mark tests, they have never been observed to respond to facial marks

on other animals by trying to locate and touch comparable areas on their own faces."

However, this does not really qualify as a control since there is no evidence that the

experimenters were specifically watching for this sort of behaviour. Povinelli (1989)

observed that each of two Asian elephants displayed considerable interest in marks

placed upon their companion, but they did not investigate the corresponding locations
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on their own bodies. It is possible, then, that the success of some individuals on the

mark test is due not to recognition of self, but to an expectation of similarity with what

is perceived as a conspecific; however, this explanation cannot be applied to the entire

body ofmirror self-recognition literature.

Mitchell (1993) sets forth two theories which attempt to specify the cognitive

components that would allow an animal to recognize, for the first time, that the image

it sees in the mirror is an image of its own body (see chapter one, p. 21). According to

his inductive theory, the necessary components for mirror self-recognition are an

understanding ofmirror correspondence and a capacity for kinesthetic-visual matching.

An animal that can guide the movements of its hands based on the movements of a

displaced visual image, i.e. that is capable of image-guided behaviour, would appear to

fulfil the requirements for kinesthetic-visual matching. Thus, as Heyes (1994) and

Menzel et at. (1985) have done, Mitchell argues that a (first-order) capacity for image-

guided behaviour is sufficient to pass the mark test, and there is no need to refer to

constructs such as 'self-concept'.

However, as discussed above, the majority of evidence suggests that although

monkeys are capable of image-guided behaviour and an understanding of mirror

correspondence, they are not capable of passing the mark test. If one attributes the

performance of Povinelli's (1989) elephants to image-guided behaviour, this provides

further evidence against the inductive theory. Mitchell himself, in discussing the

evidence for the inductive theory, actually points out two sets of experimental results

which tend to disprove it. First, he reviews studies which suggest that an

understanding of mirror correspondence in human infants may develop after mirror

self-recognition, and concludes "Children's vascillating performance at using mirrors to

locate nonself objects probably derives from a changing understanding of mirror-

correspondence coordinated with motivational and situational factors." A factor that

no doubts contributes to the confusion in this regard is the tendency to attribute an

understanding of mirror correspondence to infants that can look behind them to see

directly an object first seen in the mirror; however, this response might simply be the
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result of associative learning (mirror image as cue to look behind) rather than visuo-

spatial problem solving.

Mitchell observes that a second problem for the inductive theory is that

domesticated cats and 9-month-old infants use kinesthetic-visual matching for

immediate and deferred imitation, but do not recognize themselves in mirrors.

However, the 'imitative' performance of human infants may simply be the result of

innate responses to specific social stimuli, where the responses happen to be the same

as the stimuli (Byrne 1995, p. 59); thus these data are not a problem for the inductive

theory after all. Mitchell nevertheless goes on to suggest that only animals capable of

"mature" imitation (the ability to imitate novel acts using unseen parts of the body)

might have a kinesthetic-visual matching ability sufficiently developed to allow mirror

self-recognition. However, imitation of this sort is often assumed to require secondary

representation (see chapter one, pp. 10-11), and therefore a second-order aware

organism. Thus Mitchell's inductive theory would seem to lead back to Gallup's

theory, but in addition specifying just what aspects of second-order awareness

contribute to mirror self-recognition.

The arguments of Heyes (1994), Menzel et al. (1985), and Mitchell (1993) that

success on the mark test is merely the result of the ability to use spatially displaced

images to guide action, and therefore requires only primary representation and first-

order awareness, appear unfounded. Despite similarities between monkeys and apes in

their capacity for sophisticated visuo-spatial problem solving using spatially displaced

images, there remains a divide with regards to success on the mark test and using the

mirror for self-inspection. In addition, there is a growing body of evidence that

chimpanzees and the other great apes differ from monkeys not only in their ability to

use mirrored (or televised) information about themselves, but in their ability to take

into account the mental states as well as the behaviour of other animals (see Table

1.2).

I feel that a cognitive divide does exist between the great apes and monkeys, and

that the difference is one between first-order and second-order awareness. A first-
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order aware monkey that sees its own mirror (or televised) image responds initially as

though seeing an unfamiliar conspecific, and directs social responses toward the

image, but it eventually learns that the 'monkey in the mirror1 is no normal conspecific.

The monkey comes to recognize that the movements of the mirror (or video) image

are contingent with its own. According to Mitchell (1993, p. 299), "contiguity

(contingency) between one's movements and those in the mirror-image allows one to

recognize that one's body is the source of the image, though it need not result in

recognition of similarity." In this case one would expect a decrease in social

responding to the mirror, testing movement contingency with the mirror image, and

perhaps an understanding ofmirror correspondence, all of which has been observed in

pygmy marmosets (Eglash and Snowdon, 1983) and mangabeys (this thesis).

Why then, if a monkey can recognize that its body is the source of its mirror

image, can it not use that image in mirror-guided self-inspection, or pass the mark

test? As Mitchell says, the monkey need not recognize that the mirror image actually

looks like itself; that would appear to require secondary representation, since the

monkey would have to represent that the mirror was an accurate representation of its

appearance (see chapter one, p. 24). Monkeys are only first-order aware, so are not

capable of the self-reflection that leads to the self-exploration typical of humans and

the other great apes. As Gallup (1977, p. 337) observes: "As far as the self-concept is

concerned, it would appear that on the morning before God created the great apes,

maybe he became distracted by his own reflection in the mirror and forgot to shave

with Occam's razor."
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