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Abstract

This thesis is concerned with methodological problems which may arise when attempting to 

establish evidence of imitation with a directional control test, such as the bidirectional control 

procedure (e.g., Heyes and Dawson, 1990). Evidence presented here suggests that an 

outstanding interpretative issue (the emulation hypothesis) remains for all directional control 

tests, and the bidirectional control procedure has further interpretative and practical problems 

of its own (the odour hypothesis and a lack of sensitivity).

According to the emulation hypothesis, observers subjected to a directional control test 

reproduce observed behaviours because they are influenced by visual exposure to the 

movements of the manipulandum, rather than the body movements of their demonstrators. 

Differences in humans' capacity to reproduce, while performing a concurrent task, object 

manipulations in a directional control test (which might be imitated or emulated), and body 

movements not directed towards an object (which could only be imitated) were interpreted 

as suggesting that emulation may occur in a directional control test.

According to the odour hypothesis, observer rats subjected to the bidirectional control 

procedure tend to push a joystick in the same direction as their demonstrators because they 

are influenced by odorous physical traces asymmetrically deposited during demonstration 

sessions. Some evidence was found which is consistent with this hypothesis when the 

location of putative demonstration session deposits was independently manipulated in the 

bidirectional control procedure.

A meta-analysis of a large sample of bidirectional control experiments revealed that the effect 

size for demonstrator-consistent responding in rats was modest. This was interpreted as 

suggesting that Heyes and Dawson's bidirectional control procedure is not sufficiently 

sensitive to be of practical use in the investigation of imitation. A more sensitive test was not 

found either by modifying this procedure, or by applying a modified procedure to capuchin 

monkeys.
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Preface

"...the results of this experiment suggest that the bidirectional response 
paradigm is well suited for the task of analysing, rather than merely 
demonstrating, the capacity for response learning by observation..."

(Heyes & Dawson, 1990, p. 69)

The above statement might help to provide an overview of the work reported in this thesis, 

as well as some background to the context in which it was undertaken. It was taken from 

the report of an experiment which utilised a novel and ingenious experimental design in order 

to provide evidence of imitation, or "response learning by observation" in rats. Subsequent 

experiments using rats as subjects, and variations of the same design (which has most 

commonly been referred to as "the bidirectional control procedure"), have been interpreted 

as having provided the first clear evidence of a capacity to imitate in any non-human animal 

species (Heyes, Dawson & Nokes, 1992). When beginning the course of study upon which 

this thesis is based, I had hoped to use Heyes & Dawson's bidirectional control procedure as 

an animal model with which to elucidate the mechanisms of imitation. I had assumed their 

interpretation to be sound: that the bidirectional control procedure was not only able to 

provide a positive demonstration of imitation in rats, but that it was also suitable for the task 

of analysing conditions which might influence the occurrence of imitation. Some time later, 

after a high proportion of the experiments that I had conducted yielded "null" results, I began 

to question my earlier assumption about the methodological adequacy of the bidirectional 

control procedure. Perhaps the bidirectional control procedure was not, after all, up to the 

task of analysing imitation? Maybe the procedure that I had been using was not even suited 

for the mere demonstration of imitation?

This thesis provides an account of the work that I have conducted examining the 

methodology of what might be called "directional control" tests of imitation. Directional 

control tests should be considered to be a category of procedures which could potentially be 

used to attempt to demonstrate imitation by employing the same logic as that underlying the 

bidirectional control procedure. Thus, "directional control" is a more inclusive category of 

tests, and encompasses Heyes & Dawson's bidirectional control procedure. In all directional 

control tests, the direction in which each experimental subjects is able to observe a 

conspecific move a single object is experimentally manipulated. Every directional control test

11



relies upon the logic that imitation may be inferred to have occurred if, when the manipulated 

object has been made available to the experimental subjects, the subjects are shown to have 

a tendency to move the object in the same direction as was demonstrated, relative to the 

other directions in which the object may be moved.
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CHAPTER

1
Investigating Imitation: 

Definitions and a justification for the use of animals

The question of whether non-human animal (henceforth, animal) species possess a 

competence to imitate has been investigated for over a century (Galef, 1988), and by a 

growing number of researchers with diverse interests in animal behaviour (Heyes & Galef, 

1996). This sustained interest may have been due to two widely held beliefs about the 

implications that a demonstration of imitation in animals would have (Heyes, 1993a). One 

is that imitation is alone among forms of social learning in its ability to support cultural 

transmission (e.g., Boyd & Richerson, 1985; Dawkins, 1976; Tomasello, Kruger & Ratner, 

1993). This proposal is of particular relevance to behavioural ecologists, evolutionary 

biologists and primatologists because of its implication that if animals were shown to be able 

to imitate, they might provide an indication of how the distinctly human characteristic of 

culture developed phylogenetically. However, some recent analyses have concluded that 

there is some doubt as to whether imitation is unique among forms of social learning in its 

potential to support cultural transmission, and, therefore, the investigation of imitation may 

not be especially revealing about the evolution of culture (Galef, 1995; Heyes, 1993a, 

1994a). The other proposal, which has greater significance for psychologists, is that 

imitation involves information processing mechanisms which have neither been investigated 

in animals, nor are well understood in humans (e.g., Galef, 1988; Heyes, 1993a; Whiten & 

Ham, 1992). Therefore, a positive demonstration of imitation in animals would extend our 

understanding of animal intelligence. Furthermore, a procedure capable of providing 

evidence of imitation in an animal species could potentially provide the basis of an animal 

model that might help elucidate imitation in humans. Thus, to date, the investigation of 

imitation in animals has been directed towards an elucidation of both its functional 

importance and its mechanism.
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The objective of Chapter 1 is to provide a discussion of some of the broader methodological 

issues that arise when either investigating how animals imitate, or using an animal model to 

investigate the mechanisms of imitation. These issues occur irrespective of the procedure 

that has been used in order to provide evidence of imitation within such a research context. 

Therefore, addressing these issues in the present chapter will enable a fair comparison of 

directional control tests and other procedures in the literature review that is presented in 

Chapter 2. In the first major section of Chapter 1, conceptual issues relating to imitation are 

addressed. For example: What is imitation? What is known about its mechanism? How 

should imitation be defined? Answers to these questions are necessary to identify what is 

required of a test of imitation. The remainder of Chapter 1 is concerned with the potential 

utility of an animal model of imitation; whether research on how animals imitate might 

facilitate the development of a theory of human imitation.

1. D e f in it io n s  o f  Im it a t io n

In order to be able even to begin assessing whether a particular behaviour is likely to have 

been produced as a result of imitation, it is clearly important to have a characterisation of 

imitation in mind. However, there is, at present, little agreement on this issue. Heyes 

(1996a) noted that, as a result of the diversity of disciplinary and theoretical backgrounds of 

investigators of either the function or mechanism of imitation, "the potential for cross-talk 

and confusion has been immense" (p,212). Several attenpts have been made to minimise this 

cross-talk by providing a characterisation of imitation within a categorisation scheme 

containing the many other terms currently, and historically, used to describe social learning 

or social transmission phenomena in animals (e.g., Galef, 1988; Heyes, 1994b; Whiten & 

Ham, 1992). Unfortunately, even these categorisation exercises have been undertaken by 

scientists with different backgrounds. Galef has suggested that none has proved useful for 

the analysis of the mechanism of a social influence effect, and proposed that researchers 

should instead avoid what he calls "futile controversies over less interesting taxonomic 

issues" (1996a, p.7). Because, at present, there is no standard conception of imitation, a 

view o f imitation has been specifically tailored to be used throughout this thesis. It was 

designed to be suited to the investigation of an underlying psychological mechanism using
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animals as research subjects, and it will be described in the present section.

The view of imitation adopted in this thesis draws on two dominant approaches to the 

conceptualisation of imitation: dehning imitation by exclusion, and identifying imitation with 

a non-observable psychological process (Heyes, 1996b). Historically, imitation has most 

frequently been defined by exclusion. It has been taken to be a process whereby exposure 

to the behaviour of another animal results in learning, not about inanimate objects or events 

in the environment, but about behaviour (e.g., Galef, 1988; Heyes, 1993a; Zentall, 1996). 

The definition of imitation by exclusion has yielded operational definitions of imitation which 

constitute attempts to specify the conditions required to rule out non-imitative explanations 

for socially transmitted behaviour. However, it has been argued that this approach neglects 

to consider why imitation should be of interest to investigators within the cognitive sciences 

(Heyes, 1996b). Often, the operationalisations of imitation appear arbitrary with respect to 

either the mechanism or proposed function of imitation. In contrast, the alternative approach 

of identifying imitation with a psychological process maintains close contact between the 

concept of imitation and its proposed significance for contemporary psychologists. 

Nonetheless, a problem also exists with this approach: There is little agreement upon what 

processes are associated with imitation (for a range of conflicting views, see, e.g., Byrne, 

1994; Heyes, 1993a; Tomasello, 1996; Visalberghi & Fragaszy, 1990a; Whiten & Ham, 

1992).

The definition of imitation that will be adopted throughout this thesis was developed in the 

following way. First, the definition by exclusion outlined by Heyes (1993a) was taken to be 

a useful first approximation of what imitation should be considered to be. Thus, at this stage, 

imitation should be considered to be a process of socially mediated learning, whereby one 

agent learns from another about a behaviour per se and not some aspect of the agents' 

inanimate environment. Next, an analysis of what type of psychological process should be 

identified with imitation was carried out, as described in Section 1.1. This involved a critical 

review of alignments of processes and imitation that have already been postulated. Finally, 

the definition of imitation is reconsidered in order that imitation might be operationally 

defined to include a type of psychological process, rather than merely to exclude other 

putative social learning processes. This final stage of the exercise is described in Section 1.2.
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1.1. Computational requirements

Following Thorndike's early definition of imitation as "learning to do an act from seeing it 

done" (1898, p. 50, emphasis added), hypothetical cases of socially mediated learning about 

observable non-vocal behaviour in animals have been treated very differently from 

hypothetical cases of social learning of vocal behaviour (which cannot be observed). The 

ability to reproduce vocal behaviour has been considered to involve a non-demanding process 

from the writings of Morgan (1900) on instinctive imitation through to the present: "In our 

view, the ability to imitate sound may be as reflexive and cognitively uncomplicated as the 

ability to breathe" (West & King, 1996, p. 172). For some, socially mediated learning about 

vocal behaviour is considered to be simpler than the social learning of non-vocal behaviour 

because the former is not thought to implicate a sensitivity to an action - outcome 

relationship (e.g., Galef, 1988). Thus, cases of the social transmission of vocal behaviour, 

such as song learning in birds (see, e.g., Petrinovich, 1988; West & King, 1996), are often 

labelled as examples of "copying". Meanwhile, others (e.g.. Whiten & Ham, 1992) consider 

the computational requirements of vocal imitation to be minimal for other reasons. For 

example. Whiten and Ham note that during social song learning, a bird experiences response 

correlated (auditory) feedback from its own song that is in the same sensory modality as the 

perceived song that has been produced by the bird being copied. Thus, vocal copying might 

be mediated by a relatively straightforward template matching mechanism (Mowrer, 1960).

1.1.1. Matching observed and executed movements

It would appear that social learning about non-vocal behaviour, also referred to as imitating 

seen acts (e.g.. Whiten & Ham, 1992) and motor imitation (e.g., Heyes, 1994b), could not 

be mediated by a straightforward template matching mechanism. Consider, as an example, 

a human's accurate reproduction of a sports action from seeing it done, such as an overarm 

bowling delivery in cricket. An observer's representation of such an action, formed by 

viewing someone else bowling a cricket ball, cannot provide a template, in any 

straightforward sense, of an ideal target action which might be used to compare with the 

observer's subsequent movements in order to detect, and to correct, inaccurate 

reproductions. There are differences in both the modality and organisation of information
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about actions that can be used to control the execution of action, and that can be acquired 

through observation. An observer does not have access to an internally generated motor 

program (e.g., Jeannerod, 1994) for the target action, nor response correlated proprioceptive 

information, both of which are available to the actor. In addition, the vantage point of the 

observer at a different location from that of the actor results in a critical difference of the 

frames of reference around which observed and executed actions take place. The motion of 

a bowler's body during a delivery presents very different retinal images to the bowler and to 

an onlooker; even visual feedback produced during the reproduction of an action differs from 

the visual information acquired during observation of a target action.

Task analyses of social learning of non-vocal behaviours that are similar to the one presented 

above have been reported several times in the animal social learning literature (e.g., Heyes, 

1993a; Whiten & Ham, 1992), which has resulted in a widespread acknowledgement that the 

reproduction of a non-vocal behaviour involves a transformation of the form of the 

representation of an observed action into a form which can be useful for executing actions 

(e.g., Heyes, 1993a; Tomasello, 1996; Whiten & Ham, 1992; Zentall, 1996). As a result of 

many of these analyses, at least three specific claims have been made about the nature of the 

transformation process that permits the matching of observed and executed movements. 

Each emphasises a different respect in which the information available to observer and actor 

differs during the execution of a target action.

a) Perspective taking. Whiten and Ham (1992) have emphasised the different spatial 

organisations of an action for an actor and an observer resulting from their different 

viewpoints. This, they claim, requires an observer "to get the program for the behavior out 

of A's [the actor's] head", and, in so doing, requires the information about the action "to be 

re-represented in its original organizational form so as to be performed" (p. 271). In other 

words. Whiten and Ham suggested that an observer must somehow be able to take the 

perspective o f the actor in order to be able to reorganise the kinematics of the movement 

from the actor's frame of reference to that of their own. A similar proposal regarding this 

computational requirement was made by Piaget (1951) in a discussion of imitation in 

childhood. However, it is not clear how a requirement to take the perspective of an actor 

implies, as Whiten and Ham claim, that the modified representation formed by an observer 

need be a "program" of the same type that the actor had errçloyed to execute the seen action.
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The modified representation might, alternatively, specify proprioceptive feedback correlated 

with the seen action (e.g., Heyes, 1993a; Mitchell, 1993).

b) cross-modal performance. When considering the computational demands of imitation, 

others have emphasised sources of information about a seen action that are available to an 

actor, but unavailable to the observer when viewing the action (e.g., Byrne, 1994; Heyes, 

1993a; Mitchell, 1993; Whiten & Custance, 1996). Heyes has focused on the response- 

correlated proprioceptive information not available when seen movements are initially 

represented via the visual modality, and suggested that "imitation is an especially demanding 

variety of visual-tactile cross-modal performance" (Heyes, 1993a, p. 1006). Imitation has also 

been claimed to involve a similar process by others interested in imitation by animals 

(Mitchell, 1993) and human infants (Meltzoff, 1990, 1996). In other words, through 

sensitivity to the correspondence between what an action looks like when executed by 

another agent and what proprioceptive sensations are experienced when this action is 

executed, an observer could form a proprioceptive representation of the seen action. Errors 

in the reproduction of the seen action could then be gradually minimised through 

comparisons to this template.

c) program-level imitation. When aligning imitation with a process which could result in 

immediate accurate reproduction of a seen action, Byrne (1994) also emphasised a source 

of information about action which is unavailable to observers. Instead of kinaesthetic 

information, he focused on the programs that are thought to be involved in the preparation 

of actions (see, e.g., Jeannerod, 1994) which would be internally generated by the actor and 

would also be unavailable to an observer. While Byrne's concept of "program-level" 

imitation involves the construction of a relatively abstract plan of sequential target actions 

from initial visual-spatial representations of the observed actions, simple non-vocal 

behaviours might also be reproduced by the construction of a motor program at a lower level 

of abstraction (Whiten & Custance, 1996; see also Jeannerod, 1994, for a discussion of 

hierarchical levels of motor programs).

The claims that imitation involves the representation of response-correlated proprioceptive 

information via a process of cross-modal mapping, and that it is a process whereby a motor 

program for an observed action is constructed, both have appeal as solutions to the matching
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problem, but both are untested hypotheses rather than logical implications of the 

computational requirements of the matching problem. Both claims are consistent with the 

dominant theories of motor learning which propose that both an internally generated plan of 

action and response correlated feedback play a role in the control of movement (Adams, 

1971; Schmidt, 1975). Both claims are also based upon a transformed representation which 

is based around an actor's frame of reference, thus satisfying the perspective-taking 

requirement. In addition, a visual-visual mapping process would not account for cases in 

which a movement can be imitated that is not within the visual field of the actor. For 

example, the bowling arm is not within a bowler's visual field after the delivery stride has 

been taken until after the ball has been released. But, what is not known is whether either 

process is sufficient, or, if both are involved, what their relative importance are for various 

movements. What is clear, however, is that in order for social learning about non vocal 

behaviour to be possible, information about an observed action that has been extracted from 

a visual scene must be processed before it can be used in the control of action. This type of 

transformation will be referred to as a "mapping process".

1.1.2. A sensitivity to the outcome of observed actions?

Some investigators of imitation in animals have suggested that, in order to imitate, an 

observer must be sensitive to the relationship between observed actions and their 

consequences or outcomes (e.g., Heyes, 1994b; Visalberghi & Fragaszy, 1990a). Heyes 

advocated that types of social learning should be categorised on the basis of their observable 

(by an experimenter) conditions of occurrence rather than on the basis of a postulated 

psychological process. Within this categorisation exercise, it was proposed that imitation 

should be regarded as a socially mediated learning "in which the effect of exposure to a 

positive relationship between a demonstrator's response and appetitive reinforcement at t, is 

detected in the production of novel, topographically matching behaviour by the observer at 

i f  (Heyes, 1994b, p. 225). Heyes suggested that this position constituted a hypothesis that 

the process of imitation shares the same mechanism of response-reinforcer learning that 

underlies "asocial" instmmental conditioning, which is thought to involve either an 

associative (e.g., Colwill & Rescorla, 1986) or a more cognitive process involving a belief 

or expectancy (e.g., Heyes, & Dickinson, 1990). However, Heyes acknowledged that her 

proposal that exposure to a response-reinforcer relationship is necessary for imitation "will
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remain one of the most contentious and therefore challenging, features of the proposed 

classification of social learning" (p. 228). In their review of the social acquisition of tool 

using behaviours by monkeys, Visalberghi and Fragaszy (1990a) suggested that imitation 

requires a different sort of sensitivity to a relationship between observed actions and their 

consequences. They made a careful distinction between imitation, which they claimed 

requires "learning the rules guiding successful performance", and "'rote' copying of a motor 

act" without an understanding of the relationship between behaviour and outcome (p. 253- 

254).

Although both Heyes' and Visalberghi and Fragaszy's proposals have appeal in their ability 

to provide accounts of experimental data, social learning about non-vocal behaviour need not 

necessarily require an observer to be sensitive to the relationship between observed actions 

and their consequences or outcomes. An experiment in which rats' exposure to the negative 

relationship between an observed response and an appetitive reinforcer resulted in a reduced 

tendency for them to execute the observed response (Heyes, Jaldow & Dawson, 1993) could 

be interpreted as suggesting that rats are sensitive to the relationship between observed 

responses and reinforcers. The conclusion, based upon a comprehensive review o f  the 

available literature, that monkeys are unlikely to have the capacity to imitate because they 

lack the representational capacity to understand rules governing the relationship between 

observed actions and their consequences (Visalberghi & Fragaszy, 1990a) is consistent with 

other findings interpreted, by their authors, as suggesting that monkeys are unable to 

understand causal relationships as a result of their own experience (e.g., Visalberghi & 

Trinca, 1989; Visalberghi & Limongelli, 1994). However, the "'rote' copying of a motor act", 

with no sensitivity to relationships between the observed behaviour and an outcome, is a 

plausible alternative route through which socially mediated learning about non-vocal 

behaviours might occur if the observer was intrinsically motivated to reproduce seen actions. 

Effects that are suggestive of an intrinsic motivation for socially mediated learning about non

vocal behaviours which had no obvious consequence or outcome have been reported for 

animals (e.g., Moore, 1992) and for human infants (e.g., Meltzoff & Moore, 1977)
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1.1.3. Mental state attribution and Metarepresentation

The other main proposed identification of imitation with a psychological mechanism relates

it to what has been variously described as "mental state attribution" (e.g., Cheney & Seyfarth,

1992), "mind reading" (e.g.. Whiten, 1991), "second order representation" (e.g., Dennett,

1988), or "theory of mind" (e.g.. Premack and Woodruff, 1978). This proposal may be

characterised as a requirement that an observer must represent the intentions or goals of an

agent underlying an observed behaviour in order that behaviour may be imitated (e.g.,

Tomasello, 1996; Whiten & Byrne, 1991; Whiten & Ham, 1992). For Tomasello (1996), a

sensitivity to the correspondence between observed and executed actions (a mapping

process) does not involve "cognitive" processes. This leads him to draw a distinction

between the "cognitive" imitation, and "mimicking", his term for copying without an

understanding of the consequences of a behaviour (see Visalberghi and Fragaszy, 1990a, and

Section 1.1.2). In his words:

Imitative learning, my version of the ever-elusive 'true' imitation, requires that 
the learner perceive and understand not just the bodily movements that 
another individual has performed (mimicking), and not just the changes in the 
environment that individual's behaviour has resulted in (emulation learning).
The learner must also understand something of the intentional relations 
between these, that is, how the behaviour is designed to bring about the goal.

(Tomasello, 1996, p.324, emphasis added).

Thus, according to Tomasello, imitation should be identified with a process of socially 

mediated learning about behaviour which requires the attribution of the intentions governing 

the observed individual's actions. Whiten and collègues (e.g.. Whiten & Byrne, 1991; Whiten 

& Ham, 1992), have taken a less strong view than Tomasello in suggesting that imitation may 

involve "mindreading" the intentions of the observed agent in order to be able to execute a 

seen movement.

Whiten and Ham (1992) have claimed that the process by which a reorganised representation 

of an observed action is constructed involves "metarepresentation" (Leslie, 1987), and, in 

order for metarepresentation to occur, a "second-order representation" must be formed. 

Second-order representations, or representations of representations, are believed to be 

required for mental state attribution. However, it is unclear whether metarepresentation 

requires second-order representation (see Perner, 1991), or whether metarepresentation is 

necessarily involved in imitation. Whiten and Ham asserted that metarepresentation was
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involved in imitation on the basis that imitation involves a re-represention of observed 

movements into the viewer's frame of reference (see Section 1.1.1). "Re-representation", 

is actually rather close to Marr's (1982) classic description of information processing. Low- 

level information processing mechanisms that do not involve meta-representation have been 

shown to be able to solve coordinate transformation problems which, at a computational 

level, appear to be similar to the taking of a new frame of reference (e.g., Stein, 1992; Zipser 

& Andersen, 1988).

1.1.4. Results o f task analysis - a summary

While disagreement remains about how to define imitation, progress towards an elucidation 

o f the mechanism of imitation cannot be made on the basis of empirical data because of 

disputes regarding what would be required in order to provide a demonstration of imitation. 

In the meantime, the opportunity to examine the computational requirements of imitation by 

"task analysis" has remained possible. Such an analysis of an information processing problem 

at a computational level can be invaluable in providing a specification of what a postulated 

psychological mechanism must achieve (Marr, 1982). Definite progress appears to have been 

made in the realisation that the matching of observed and executed movements is an 

information processing problem (Section 1.1.1).

The danger with task analysis, however, is that it can, all too easily, slip into armchair 

theorising; processes may be postulated that are not entailed as a result of careful 

consideration of the computational requirements of social learning about non-vocal 

behaviour. Neither a sensitivity to outcomes of observed actions (Section 1.1.2) nor meta

representation and mental state attribution (Section 1.1.3) appear to be necessary processing 

demands of social learning about non-vocal behaviour. Armchair theorising is fine while the 

speculative status of the proposed process is acknowledged (e.g., Heyes, 1994b; Whiten & 

Byrne, 1991), but dangerous if a pre-theoretical notion is used to identify imitation (e.g., 

Heyes, 1994b; Tomasello, 1996; Visalberghi & Fragaszy, 1990a). The danger comes from 

at least two sources. On the one hand, pre-theoretical notions tend to conceal the need for 

further research, as Heyes (1994b) has noted, giving the illusion that the mechanism of 

imitation is, at least partly, specified. On the other hand, there is a danger that narrow 

conceptions of imitation, derived fi'om an empirically untested alignment with a psychological
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process, will exclude from analysis cases in which the information processing problem of 

matching observed and executed movements has been overcome. While in the future 

empirical research may reveal that socially mediated learning about non-vocal behaviour is 

facilitated by mental state attribution for children and, perhaps, for some species of primate, 

or that all animals need to be exposed to a positive relationship between the observed 

behaviour and an appetitive reinforcer, for the present it is proposed that imitation should be 

identified simply as a process involving information processing in order to solve the mapping 

problem. This characterisation of imitation should be of interest to investigators working 

within the cognitive sciences.

1.2. The operational defînition of imitation

With a characterisation of imitation as a specific type of psychological process in mind, it is 

necessary to reconsider how imitation should be operationally defined. This need arises in 

two related, but competing, respects. If primary importance is to be assigned to the 

investigation of the mapping problem, without falling into the trap of making pre-theoretic 

assumptions about an underlying mechanism, a definition of imitation should be as broad as 

possible while ensuring that a positive demonstration necessitates some form of mapping 

process. The task analysis advanced earlier to suggest that an information processing 

problem is involved in matching observed and executed behaviours was based upon a 

definition of imitation taken to be a first approximation: It was considered to be a type of 

social learning in which one agent learns fi'om another about a behaviour per se and not some 

aspect of the agents' inanimate environment. In the present section, it is argued that this first 

approximation, although useful, appears to have been overly restrictive in excluding putative 

socially mediated effects which would also involve a mapping process.

If, in contrast, an emphasis is placed upon the ease with which a definition can prescribe 

testing procedures for establishing evidence of imitation, an ideal approach is to provide a 

definition of imitation solely in terms observable by a third party (e.g., the investigator). It 

has been suggested that the approach of defining imitation just in terms of an unobservable 

psychological process provides poor guidance for empirical research (Heyes, 1994b, 1996b); 

it is hard, if not impossible, to evaluate the role played by a given unobservable mechanism 

in producing the results of a single study. In contrast, the definition of imitation in terms of
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its observable conditions of occurrence (e.g., Heyes, 1994b) is relatively unambiguous, and 

can be helpful in specifying what is required of a procedure in order that imitation may be 

demonstrated. It also avoids defining imitation "by exclusion" (Heyes, 1996b). However, 

a simple definition framed in terms of observable conditions of occurrence does not appear 

to be flexible enough to describe the desired inclusive category. Thus, the approach taken 

in defining imitation here is to propose observable conditions as far as possible, and then to 

specify further challenges that face attempts to demonstrate imitation.

1.2.1. Observable conditions of occurrence

Heyes' (1994b) attempt to define the observable conditions under which imitation, along with 

other categories of social learning, can be said to have occurred points to one way in which 

the definition of imitation should be broadened if it is to include more cases involving a 

mapping process. It has already been noted (in Section 1.1.2) that under Heyes' scheme, 

imitation was defined as a social learning effect where an observer's sensitivity to a positive 

relationship between an appetitive reinforcer and an observed response executed by another 

agent results in the observer acquiring the same response. By analogy to the range of 

"asocial" response learning effects (i.e., those that occur without social mediation) that have 

been investigated, Heyes suggested that imitation should be considered to be only one of a 

range of socially mediated effects in which one agent learns from another about a behaviour 

per se. "Observational learning", a generic category of socially mediated learning about 

responses, was said to occur after "observation of a demonstrator exposes the observer to 

a relationship between a response and a reinforcer at t / ' (p. 225), and influence the observer's 

behaviour as a function of the type of reinforcer, and the type of relationship between the 

observed behaviour and the reinforcer. Heyes noted that, in addition to having the capacity 

to result in the acquisition of an observed behaviour, putative types of effect belonging to the 

observational learning category may result in a reduction of the likelihood that an observed 

movement will be reproduced (e.g., as the result of punishment or omission schedules) and/or 

learning about behaviours already established in the observer's repertoire. Pending evidence 

that exposure to a relationship between an observed response and a reinforcer is required for 

social learning about non-vocal behaviour (see Section 1.1.2), Heyes scheme might be re- 

interpretated as suggesting that an imitative process should be considered to have been 

involved whenever social learning about behaviour leads to either an increase or a decrease
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in the probability with which the same behaviour is expressed, irrespective of whether the 

observed behaviour was reinforced in any way. Furthermore, contrary to some views (e.g., 

Gaief, 1988; Moore, 1992, 1996), a demonstration of imitation need not meet the criterion 

that the target behaviour is not already in the observer's behavioural repertoire.

Another way in which the definition of imitation should be broadened is to relax the 

requirement that it should identify a learning process. So far, imitation has been characterised 

as socially mediated learning about behaviour, but current taxonomies of social learning 

neglect to provide a clear specification of what "learning" means. Although the term 

"learning" is used in various ways within different areas of psychology (see, e.g., Baddeley, 

1990, Chapter 7), it is typically understood to indicate a relatively long lasting internal change 

that occurs within an agent, with correspondingly durable behavioural effects, rather than a 

process where information is temporarily stored, with transient behavioural effects. 

Conditioned responding in rats, a paradigmatic case of response "learning", can be extremely 

long lasting: For example, it has been found that relatively little forgetting may occur after 

a delay as long as 90 days (Gleitman, 1971). Inasmuch as social learning is implicitly 

considered to also result (by analogy) in durable changes, the criterion that social exposure 

must result in learning about behaviour is overly stringent. The mapping problem would have 

to be overcome if an observer's visual exposure to the movements of another agent resulted 

in a change in the probability of executing the same behaviour, even if this change was only 

transitory, and perhaps the result of storage of information in some form of short term 

memory rather than as a consequence of learning.

It is proposed that a definition of imitation, in terms of observable conditions of occurrence, 

should be broadened to the following: Visual exposure to the movements o f  another agent 

results in a change in the probability with which the same movement is executed. The 

present definition encompasses response facilitation (Byrne, 1994), a label designated for 

putative short term effects of exposure to movements per se. The exclusion of transitory 

effects such as response facilitation from a previous conceptualisations of imitation (e.g., 

Byrne & Tomasello, 1995), and neglect of putative effects where the probability of 

reproducing a behaviour (that may already be in the animal's repertoire) is reduced as a result 

of social exposure (Heyes, 1994b), may have been in deference to the proposed functional 

importance of imitation - the hypothesis that imitation permits cultural transmission by
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permitting the acquisition and retention of novel behavioural variants (see introduction to 

Chapter 1).

1.2.2. Further challenges facing attempts to demonstrate imitation

The foregoing inclusive definition of imitation provides clear prescriptions for procedural 

tests of imitation in suggesting that imitation should be said to have occurred whenever visual 

exposure to the movements of another agent has been found to result in a change in the 

probability with which the same movement is executed. Many socially mediated effects upon 

behaviour have been reported in which these simple observable conditions of occurrence have 

been satisfied (most often as a result of an increase in the probability of emitting a response, 

leading to behavioural concordance). A variety of social processes that could account for 

many of these effects have already been identified (but not necessarily positively 

demonstrated, see Ray, 1997) within the social learning literature, which, unlike imitation, 

do not necessarily require the mapping problem to be overcome. These putative processes 

are referred to extensively in Chapter 2 as alternative, non-imitative, accounts for effects in 

which visual exposure to the movements of another agent has resulted in behavioural 

concordance. Clearly, the present attempt to define imitation solely in terms of observable 

conditions of occurrence is inadequate in certain situations, resulting in the need for caution 

in the interpretation of existing behavioural concordance effects and the design of procedures 

to test for imitation. Three loci at which the present definition can break down relate to: (a) 

the causal role played by visual exposure to the movements of another agent in changing the 

probability with which the same movement is executed by the observer, (b) the specificity of 

the alteration of the observers behaviour which resulted in a detectable change in the 

probability of executing the matching movement, and (c) the type of non-vocal behaviour 

which constituted the target movement. Issues relating to each locus will be described in 

turn, and, along the way, some of the terminology referring to the non-imitative processes 

which must be ruled out is introduced.

a) Visual exposure to movements. Care must be taken in establishing what played the causal 

role in changing the probability that an observer executes a target movement as a result of 

social exposure. Demonstrating that exposure to the movements of another agent played the 

causal role in a change in an observer's behaviour is a non-trivial task. For many behaviours

26



which could potentially be observed, movements are correlated with a displacement of the 

whole body or a body part to a discrete location in space or towards a specific object, and/or 

are correlated with a change in the inanimate environment resulting from the movement of 

an object. In such cases, features of the inanimate world that are correlated with movements 

could be represented by an observer rather than the target movement itself. Because these 

features would be represented as a stimulus rather than as a behaviour, a change in the 

probability that an observer emits a matching movement might result from a socially mediated 

effect that does not demand a mapping process. Socially mediated effects based on stimulus 

representations that have been proposed include: a change in the amount of attention 

directed to a specific stimulus {local enhancement - Thorpe, 1956); a change in the extent 

that an observer is exposed to stimuli of the same physical type {stimulus enhancement - 

Spence, 1937); and a sensitivity to the relationship between the response correlated stimulus 

and another stimulus that may have reinforcing properties {observational conditioning - 

Cook, Mineka, Wolkenstein & Laitsch, 1985; valence transformation - Hogan, 1988; 

observational autoshaping - Denny, Clos & Bell, 1983; emulation - Tomasello, Davis- 

Dasilva, Camak & Bard, 1987). The latter category might operate either through an observer 

purposively recreating the same stimulus situation or inanimate endpoint through its own 

behaviour (Denny, Clos & Bell, 1988; Tomasello, 1996) or by the same stimulus situation 

acquiring secondary reinforcing properties that reinforces an observer's behaviour which 

happens to result in the replication of the same stimulus situation (Heyes, Dawson & Nokes, 

1992). Although these non imitative socially mediated effects have been poorly defined and 

have scant, if any, independent empirical support (see Heyes, 1994b), each is plausible. This 

range of socially mediated effects based upon response correlated stimuli such as locations 

in space, objects, object-location configurations, and moving objects provide a powerful 

selection of alternative explanations for putative imitation effects which must be ruled out 

empirically.

b) Type o f behavioural change. A second locus at which care needs to be taken in the 

interpretation of a putative imitation effect (that satisfies the present definition) relates to the 

specificity of the behavioural change of an observer which resulted in the detected change in 

that observers' probability of executing the target behaviour. In some situations, a change 

in the likelihood that an observer will emit the target movement may come about because 

visual exposure to the movements of an observed agent changes the overall level of activity

27



of the observer, rather than having an effect on behaviour that is specific to the target 

movement. A socially mediated gross change in activity has been called social facilitation 

(Zajonc, 1965; see also Galef, 1988). Social facilitation has been thought to occur because 

social exposure "energizes all responses made salient by the stimulus situation confronting 

the individual" (Zajonc, 1969, p. 10). Social facilitation has also been considered to result 

from a reduction of isolation induced fear, thus disinhibiting behaviour (Clayton, 1978). 

Irrespective of its mode of operation, social facilitation does not rest upon a sensitivity to the 

equivalence between observed and executed movements. Therefore, imitation should be 

demonstrated by a change in the probability of executing a target movement which can be 

shown, by some means, to be specific to the target movement.

c) History o f the target movement. A third locus at which caution should be exercised in the 

evaluation of evidence for imitation broadly relates to the type of behaviour constituting the 

target, or to-be-imitated, movement. The production of certain target movements during, 

or soon after, visual exposure to another agent making the same type of movement may have 

been linked, as a result of the structure within the environment of the observers, with the 

occurrence of biologically significant outcomes either through evolutionary time or through 

the individual's developmental history. For these target movements, a tendency to execute 

the movement after having observed it may develop either phylogenetically {contagious 

behaviour - Thorpe, 1963) or ontogenetically {matched dependent behaviour - Miller & 

Dollard, 1941). Contagious behaviour is thought to be more or less instinctive, and occur 

when observation of the target movement is the releasing stimulus for an innate releaser 

mechanism that happens to yield a species typical, stereotyped action pattern of the same type 

as the target movement (Galef, 1988; Provine, 1996). Examples of contagious behaviours 

are thought to include yawning in humans (Provine, 1996) and maneuvering in flocks by birds 

(Galef, 1988). Matched dependent behaviour, paradigmatically exemplified by Miller & 

Bollard's (1941) demonstration that an observer rat could be trained to follow a leader rat 

to the correct choice arm of a T maze, is conventionally considered to result from the 

observer's experience of the leader's behaviour acting as a discriminative stimulus for the 

elicitation of behaviour which happens, by coincidence (or by design from the experimenter's 

point of view), to be of the same type as the target movement (Galef, 1988; Heyes, 1994b; 

Whiten & Ham, 1992; but see Chapter 2, Section 2.2 for a discussion of this claim). For both 

contagious and matched dependent behaviours, the effect of observation of a target
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behaviour is a change in the probability that an observer will execute the target behaviour. 

However, the observers' tendency to reproduce movements might be specific to particular 

target movements that have been shaped during its own lifetime or through the operation of 

the contingencies of natural selection. For neither type of effect is the execution of a 

matching movement necessarily the result of a mapping process: the relationship between 

the representations of observed and executed actions is not arbitrary. It is therefore 

important to consider, for any proposed demonstration of imitation, the impact of the target 

movement upon the observers' ontogenetic and phylogenetic history.

2. J u s t if ic a t io n  f o r  t h e  u s e  o f  a n im a l s

In the remainder of Chapter 1, general methodological issues are considered which are raised 

by the investigation of imitation in animals. The main objectives of this section are to 

consider what advances in the investigation of the mechanism of imitation may be afforded 

by the use o f animals, rather than humans, as research subjects, and to address potential 

problems in the extrapolation of findings yielded from animal research to theories of human 

imitation. Section 2.1 examines the possible benefits of using an animal model of an imitating 

system over the use of humans. An animal model of imitation would be unlikely to be 

applicable to the elucidation of the mechanism underlying imitation in humans, if humans 

were found to rely upon information processing resources which they do not share with the 

rest o f the animal kingdom. For example, humans might conceivably use their unique 

capacity for natural language in order to recode information about observed actions into a 

symbolic system of representation which is not specific to a sensory modality or frame of 

reference. In Section 2.2, research employing human participants is introduced which has 

a bearing on whether linguistic resources are important for imitation in humans.

2.1. Potential benefits of an animal model of imitation

A quick survey of the reasons typically given in introductory texts (e.g., Dickinson, 1980; 

Lieberman, 1990; Pearce, 1987; Walker, 1987) to justify the use of animals in psychological 

research reveals a range of arguments, most of which are applicable to the study of imitation.
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In addition to the claim that understanding the mental capacities of animals has intrinsic merit, 

these arguments may be assigned to two categories: arguments based upon ethical

considerations and arguments favouring the study of simpler systems.

2.1.1. Ethics, and the development o f imitation

Investigations of the influence of motivationally potent events upon learning and performance 

and invasive neurophysiological experimentation could only be carried out using 

psychologically validated animal models, on the basis that they would be unethical if carried 

out on humans (Dickinson, 1990; Pearce, 1987; Walker, 1987). Along the same lines, an 

animal model of imitation would be important in order to test the hypothesis that imitation 

requires a sensitivity to a relationship between an observed response and a biologically 

significant event (Heyes, 1994b; see also Section 1.1.2) and the investigation of the neural 

representation of observed actions (Perrett et al., 1989). In addition, animal models of 

psychological processes can also be useful in the investigation of the role of earlier experience 

on performance, in permitting control over the conditions in which animals are maintained 

which would not be possible for humans (Lieberman, 1990). The application of an animal 

model o f imitation to the testing of theories of the development of a capacity to imitate is 

discussed at greater length in the remainder of this section.

An animal model of imitation may be valuable in testing the theoretical position that all 

apparent cases of imitation are in fact matched dependent behaviour (Miller & Dollard, 

1941). This position rests upon the idea that an observer may only reproduce an observed 

target movement if the execution of the target movement, after observation of the same 

movement, had tended to have been reinforced earlier in the observer's experience. Thus, 

visual exposure of a target movement could become a discriminative stimulus for the 

elicitation of movements that happen to be of the same type as the target movement (matched 

dependent behaviour, see Section 1.2.2). By this analysis, reproductions of matching 

movements need not necessarily involve an observer being sensitive to the correspondence 

between observed and executed movements, and thus might not be examples of imitation as 

it is presently defined. A similar claim has also been made in the support of a neural network 

model of social learning (Laland, 1994), and by Skinner (1953), who also pointed out that 

the conditions for the acquisition of matched dependent behaviour are likely to exist in
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nature: "if a pigeon is scratching in a leaf-strewn field, this is an occasion upon which 

another pigeon is likely to be reinforced for similar behavior" (p. 120).

Miller & Dollard could not directly test their claim with studies of human children (a 

population that they employed for the greater part of their empirical research) because 

children's reinforcement histories could not be known or manipulated. Instead, they turned 

to experimentation using rats as subjects to investigate whether the development of a 

tendency to execute observed behaviours might depend upon prior reinforcement 

contingencies. Evidence that is consistent with their position came only in their finding that 

the execution of matching behaviour could be trained, the initial demonstration of what has 

become known as matched dependent behaviour. However, a demonstration of a tendency 

to reproduce observed movements in captive animals, in the absence of a history of 

reinforcement for behavioural reproduction, would suggest a capacity for imitation, and 

would be appear to be difficult to be accommodated by Miller & Bollard's theory.

2.7.2. Relative simplicity, and Imitating robots

At least four arguments for the advantages of studying psychological processes in simpler 

systems are also applicable to the investigation of the mechanism of imitation. First, fewer 

factors may influence the operation of a psychological process when it is investigated in an 

animal species than when it is investigated in humans (Lieberman, 1990). Imitation research 

using humans has revealed a number of factors which affect the extent to which observers 

are likely to execute an observed movement (see Flanders, 1968, for a review). Second, and 

relatedly, research using animal subjects can minimise the demand characteristics of a task 

or experimental situation (Dickinson, 1980). It seems likely that humans might reproduce 

movements using flexible strategies, and that the strategy used in an experimental situation 

could be influenced by the human participants' own individual expectations and interpretation 

of the experimenter's intentions. Third, animal experimentation also permits the testing of 

the extent to which psychological processes are dependent upon natural language, or other 

explicit symbolic representational systems (Dickinson, 1980; see also Section 2.2 for evidence 

relating to the role of language in human imitation). Finally, complete psychological models 

of simpler systems could be especially advantageous in specifying the architecture of 

cognition, by overcoming some of the limitations with traditional AI approaches (Pearce,
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1987). This notion is reflected in behaviour based robotics, a recent development in artificial 

intelligence. The potential importance of data from studies of imitation in constraining 

research in the field of robotics is discussed at greater length in the remainder of this section.

A recent development in artificial intelligence, the area of behavioural based robotics, may 

help to overcome some of the limitations (e.g., Pylyshyn, 1978) of traditional AI approaches 

in the elucidation of psychological processes and the architecture of cognition. Conventional 

attempts to develop unified models of cognition have been hampered by a proliferation of 

small scale models of artificially isolated subsystems. Furthermore, traditional computational 

models of psychological processes have tended to employ representations of events in the 

world, the nature of which may be more or less arbitrarily selected by an investigator. In 

contrast, the design of robots, autonomous agents which have direct sensory and behavioural 

contact with real environments, requires investigators to address both of these conventional 

limitations. First, the autonomicity of the agents constrains each stage of their design to 

encompass input and output processes in addition to processes which intervene. At an early 

stage of its development, the robot is a physical embodiment of a complete theory of a system 

that has only simple behaviours. Gradually, as successively more complex complete 

behaviours are added to the robot, incremental progress is made in instantiating a theory of 

a more complex system (Brooks, 1991). Second, the sensorimotor coupling that exists 

between the robot and its environment requires the robot to be designed to code the 

information that is presented to it by its environment at any instant, while a non-embodied 

simulation, by contrast, would operate upon representations that have been hand-coded by 

the investigator. Thus, in behavioural-based robotics, perceptual-motor skills, such as 

imitation, are hard problems which must be overcome by intelligent systems.

A complementary solution to some of the problems encountered by traditional AI approaches 

is the development of theories predicting the behaviours of animals, information processing 

systems simpler than humans (Dennett, 1978). An interdisciplinary approach to behaviour- 

based robotics, in which models of simpler systems are constrained by empirical data from 

the biological sciences, has been adopted by what has become known as the animat research 

effort (see Meyer & Guillot, 1994, for a review). For example, the building of robot 

creatures by incremental steps has been constrained by evolutionary considerations (Brooks,

1991), while early progress in the COG project (Brooks, 1994), which has the long-term
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objective of building a humanoid robot, has been informed by the psychology of infant 

sensory-motor integration. In particular, the computational demands of imitation have 

recently attracted the attention of biologically informed artificial intelligence workers who 

are beginning to instantiate a mechanism for imitation in robots (e.g., Demiris & Hayes, 

1996). Thus, if a biologically plausible imitation mechanism instantiated in a robot is to be 

guided, and tested, using the resources of experimental psychology, an animal model of 

imitation could prove invaluable.

2.2. The role of linguistic processing in humans' imitative behaviour

Despite the potential benefits of developing an animal model of an imitating system, the 

extrapolation of findings generated from animal experiments to an understanding of how 

humans imitate would be tenuous if humans, when imitating, were found to rely upon their 

unique capacity to use natural language. The discussion of the computational demands of 

imitation presented earlier in this chapter (Section 1.1) suggests that this need not be the 

case; imitation appears to be akin to sensory motor integration processes and, by analogy, 

may involve low-level sub-symbolic transformation of information. Empirical research on 

human imitation that has a bearing on this issue is reviewed in the present section. First, the 

question of whether current research indicates that human infants can imitate, before they 

develop the capacity to use language to represent, symbolically, observed movements, is 

discussed. This is followed by a consideration of what has been revealed by research that has 

used older individuals.

2.2.7. Imitation in human infants

There is wide agreement among developmental psychologists that human children are 

proficient imitators by the age of 5, and that this capacity develops gradually through 

childrens' lifetimes (Meltzoff, 1996). Evidence to suggest that language is not a prerequisite 

for imitation might be provided if a capacity for imitation could be shown to have developed 

in advance of linguistic competence. Several experiments (e.g., Meltzoff, 1988a) have found 

that infants as young as 9 months of age can reproduce object manipulations demonstrated 

by adults (see Meltzoff, 1988b, 1996, for reviews). However, such studies have tended not
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to provide conclusive evidence of imitation because they are subject to at least two types of 

alternative explanations. First, these studies have tended not to include adequate controls to 

rule out a role of socially mediated effects based upon response correlated inanimate stimuli 

such as stimulus enhancement of parts of the manipulated object. Second, the early 

experience of the child participants' cannot be controlled (c.f.. Miller & Dollard, 1941), and, 

because infants can be conditioned to respond differentially to certain signals (Lipsett & 

Werner, 1981), it is possible that parents may have, prior to testing, inadvertently rewarded 

the reproduction of the target movement (matched dependent behaviour).

Other experiments, which have investigated young infants' ability to reproduce facial gestures 

(e.g., Meltzoff & Moore, 1977, 1983, 1989), are not subject to the same interpretative 

problems as studies investigating the reproduction of object manipulations. These 

experiments utilised a novel design which has become known as the cross-target procedure. 

The cross-target procedure is a repeated measures design in which each infant is presented 

with demonstrations of two or more target movements, and the measures are the frequency 

in which the infant makes each type of target movement during, or immediately after, each 

type of demonstration. Infants aged between 2 and 3 weeks have been found to make more 

tongue protrusion movements than mouth opening movements to demonstrations of tongue 

protrusion, and to exhibit more mouth openings than tongue protrusions to mouth opening 

displays (Meltzoff & Moore, 1977, Experiment 2). Such a pair of complementary effects 

suggests that demonstrations did not simply cause changes in the infants' state of arousal 

leading to a general increase in activity. Similar effects for the same pair of target movements 

have been reported for even younger infants, newborns aged less than 3 days (Meltzoff & 

Moore, 1983). These, findings have led Meltzoff & Moore to conclude that human infants 

have an innate, language-independent, ability to detect the correspondence between observed 

and executed movements which enables them to imitate. Socially mediated effects based 

upon response correlated inanimate stimuli could not account for these findings because facial 

gestures do not involve the manipulation of an external object, and the extremely young age 

of the infants serving in Meltzoff & Moore's experiments makes a conditioned responding 

explanation implausible.

It is unclear whether Meltzoff & Moore's studies of infant imitation provide evidence that the 

development of language is unnecessary for imitation. The imitation of facial gestures by
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newborns continues to be controversial (e.g., Anisfield, 1979, 1991; Hayes & Watson, 1981; 

Masters, 1979), because at least one further interpretative problem remains. It has been 

argued (e.g.. Masters, 1979; Provine, 1996) that demonstrations of facial gestures might 

constitute the releasing stimulus for an innate releaser mechanism (IRM) that yields a 

matching movement. In support of the IRM position is the observation that both tongue 

protrusion and mouth opening have adaptive significance as they are involved in infant 

sucking behaviour (Masters, 1979). Meltzoffs counter-argument is that an IRM position has 

become unwieldy now that a wide range of other target movements have also been found to 

elicit matching behaviour (e.g., Meltzoff, 1996), including movements, such as head 

rotations, for which a biological function is less apparent (Meltzoff & Moore, 1989). 

However, on the basis of a review of the attempts to demonstrate and to replicate facial 

imitation effects in neonates, Anisfield (1991) has suggested that the only target movement 

that tends to provide reliable results is tongue protrusion. At present, we cannot be certain 

as to whether the reproduction of facial gestures by neonates is due to IRMs restricted to a 

small range of movements, or due to a non-linguistic imitative mapping process.

2.2.2. Evidence from adult humans

Many studies of imitation in adult humans have been directed towards an investigation of 

social factors influencing the efficacy of different types of model (see Flanders, 1968, for a 

review), or have placed an emphasis upon the potential application of imitation to the 

teaching of sports skills (e.g.. Hall & Erffmeyer, 1983; Gray, 1990). However some 

experiments on adult performance have addressed the psychological processes mediating the 

reproduction of observed behaviours. Those that have implications for the role of amodal, 

verbalizable, symbolic representations of observed movements for imitation are reviewed in 

this section, in order to examine the extent to which adults' imitation is dependent upon 

language.

The findings of some experiments (Bandura & Jeffery, 1973; Bandura, Jeffery & Bachicha, 

1974; Berry, 1991; Carroll & Bandura, 1990) suggest that symbolic representation might play 

an important role in adults' learning, or short-term retention, of observed behaviours. The 

evidence contributed by these experiments is of two types: first, that observation of 

demonstrations might not facilitate the learning of types of behaviour that are unverbalizable,
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and, second, that providing participants with instructions to code, symbolically, verbalizable 

behaviours facilitates the reproduction of observed behaviours. Evidence of the first type has 

come from experiments evaluating participants' ability to learn, by observation, control tasks 

that have been used in the investigation of implicit learning (Berry, 1991). For these tasks, 

participants were required to control a system, the output of which was related to the 

participants' own responses by a mathematical function. Previous experiments (Berry & 

Broadbent, 1988) have demonstrated that performance is dependent upon the saliency of the 

mathematical function, that is, the extent to which it generated output which is verbalizable. 

Berry and Broadbent showed that if the mathematical function used was relatively salient, 

learning to control the system was accompanied by verbalizable knowledge about the 

relationships within the system, but, for non-salient versions of the task, learning could occur 

in the absence of verbalizable knowledge about the system. Berry (1991) demonstrated that 

learning was possible by observation for the salient version of the same task, but found no 

evidence for observational learning of the non-salient version. This suggests that 

observational learning might depend upon the extent to which the observed behaviour is 

verbalizable.

Bandura and collègues investigated the effects of explicit instructions to code observed 

movements with verbal codes on the subsequent reproduction of the movements. For 

example, Bandura and Jeffery (1973) manipulated instructions to code each of the observed 

two dimensional movements of a hand-held stylus during demonstrations of six component 

movement sequences. Some participants were instructed to use specific letters of the 

alphabet to label each movement, others were instructed to assign numbers to movements, 

while the remainder were provided with no coding instructions. Bandura and Jeffery found 

that participants directed to use coding systems made more correct reproductions of the 

sequences after a retention interval than those given no instructions, and suggested that 

symbolic coding can facilitate the observational learning of these movement sequences. 

Similar findings have been reported by Bandura et al. (1974) and by Carroll and Bandura 

(1990).

Both these lines of evidence for a role of symbolic representation in adults' learning, or short

term retention, of observed behaviours requires reinterpretation in the light of other empirical 

findings, and can be shown to have only an indirect bearing on whether linguistic coding of
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observed movements is necessary for imitation. The finding of no evidence for observational 

learning of a non-salient version of an implicit learning task (Berry, 1991) does not 

demonstrate that observational learning is impossible unless the observed behaviour is 

verbalizable. Learning resulting from the observation of behaviours that are unlikely to be 

verbalizable has been found both for the implicit learning task used by Shanks and Johnstone 

(in press; C.L. Foster, unpublished experiment), and for a sports skill (simulated skiing, 

Whiting, Bijlar & den Brinker, 1987). Bandura and collègues' findings that the retention of 

sequences of movements can be facilitated by symbolic coding instructions neither 

demonstrates that this facilitation effect is due to coding in the verbal modality, nor 

demonstrates that verbal coding is spontaneously employed by adults because it is necessary 

for imitation. Self-generated verbal codes have also been found to have a facilitative effect 

upon the reproduction of observed gestures, however this effect has also been shown to be 

greater for short summary codes than for longer verbal descriptions of the observed 

movements (Gerst, 1971). This suggests that coding effects could be interpreted within a 

levels of processing framework (Craik & Lockhart, 1972) and not be necessarily due to the 

modality of the code; a facilitation of memory for observed material might occur when more 

mental effort is invested in trying to code the material because information passes to a deeper 

level of processing. An account for coding effects that does not postulate a specific role for 

verbal processing is supported by Gerst's (1971) finding that instructions to attempt to form 

an imaginai code of observed gestures resulted in a facilitation effect that was greater than 

that for verbal descriptions and equivalent to that for short summary codes. Further reason 

to doubt that verbal codes play a necessary role in imitation comes from the results of a study 

of strategies spontaneously employed by adults to code observed movements (Berger et al., 

1979), which revealed that adults only reported having attempted to use a verbal strategy for 

gestures that are culturally associated with particular words.

At least one experiment has directly investigated whether resources specific to language are 

employed during the imitation of movements (Smyth, Pearson & Pendleton, 1988, 

Experiment 4). In this experiment, adult human participants were required to recall series 

of observed movements in the correct order, both under dual task conditions in which the 

participant also performed a suppression task while observing the items, and under single task 

conditions in which no concurrent activity was required. A dual-task decrement in item span 

(the number of movements that could be recalled in order) was found for a movement
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suppression task (the participant was required to make concurrent self-directed movements 

during observation), but not for an articulatory suppression task (reciting "12345" 

repeatedly). In contrast, the same articulatory suppression task was found, using a similar 

procedure, to result in a dual task decrement for visually presented words (Smyth et al., 

1988, Experiment 1), thus replicating an established finding that has been interpreted as a 

disruption of the maintenance of verbal information in short term memory (Baddeley, 

Thomson & Buchanan, 1975; Baddeley, 1986). Taken together, Smyth et al.'s findings 

suggest that imitation may not rely on resources dedicated to the processing of linguistic 

information.

On the basis that there is no clear evidence that humans draw upon language in order to 

imitate, there is no reason to suspect that, in imitating, they rely upon information processing 

resources which are not shared with other members of the animal kingdom. A positive 

demonstration of imitation in animals may not, therefore, just extend our understanding of 

animal intelligence. It might also provide the basis of a non-linguistic animal model of an 

imitating system which could facilitate the development of a theory of human imitation. A 

procedure capable of repeatedly and unambiguously demonstrating imitation in animals may 

well prove to be an invaluable tool in the elucidation of the mechanism through which 

observed movements are represented and reproduced. Chapter 2 examines whether any of 

the methods that have been applied to the study of imitation in animals, including directional 

control tests, are suited to the tasks of demonstrating and analysing the mechanism of 

imitation.
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CHAPTER

2
Imitation in animals: Procedures and evidence

The past century of interest in the imitative capacity of animals has generated many reports 

of behaviours in animals that have been championed as cases of imitation. These putative 

cases of imitation have been recorded by investigators employing a very wide variety of 

research methodologies. Given the variety of procedures under which imitation has been said 

to have occurred and the lack of a consensual definition of imitation, it is perhaps 

unsurprising that there is little agreement over which of these cases provides a demonstration 

of imitation. In addition, the relative merits of these procedures as tools to be used to analyse 

imitation have seldom been considered. In Chapter 2, a literature review of imitation in 

animals is presented which evaluates the extent to which the most important of these putative 

cases of imitation meet the requirements of the definition of imitation that has been outlined 

in Chapter 1. The objectives of the literature review are: to evaluate the evidence for 

imitation in animals, to introduce directional control procedures, and to evaluate the relative 

merits of directional control and other procedures as tools for the demonstration and analysis 

of imitation.

This literature review is organised on the basis of methodology. Generally, procedures 

occupying the latter parts of the review are more similar to directional control methodology, 

and more tightly controlled. The findings of less rigorous studies are reviewed because these 

findings could provide a potentially important source of convergent evidence: If animals 

could imitate, one would expect there to be prima facie convincing anecdotes and semi

controlled studies even in the absence of conclusive evidence from other sources. This is 

especially relevant, given suspicions that tightly controlled studies might fail to produce 

positive evidence of imitation, not because the experimental subjects could not imitate, but 

as a result of the additional demands imposed by the procedures used in these studies 

(Zentall, 1988, 1996).
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The first section provides an evaluation of reported occurrences of behavioural concordance 

in which the investigator made no attempt to manipulate the target movement seen by 

observers. In each of the two sections which follow, putative cases of imitation are discussed 

in which the role played by visual exposure was investigated by imposing control over the 

target movement, and manipulating the visual information presented to observers. Putative 

cases of imitation presented in Section 2 resulted from procedures in which the most 

important controls were within subject manipulations, while independent subjects designs 

were utilised in the experiments reported in Section 3.

1. U n c o n t r o l l e d  t a r g e t  m o v e m e n t s

There have been a number of reports of the spontaneous occurrence of behavioural 

concordance, more often than not in primate species, without the intervention of an 

investigator. Instances in which the matching movement is relatively unusual, and thought 

to have been unlikely to have been exhibited as a result to normal variability in the observer 

animals' behaviour, may satisfy the present definition of imitation: Visual exposure to the 

movements o f  another agent has apparently been followed by a change in the probability 

with which the same movement is executed. Evidence of imitation from semi-controlled, and 

anecdotal reports of behavioural concordance of unusual movements in primates is reviewed 

in the present section. The prevalence of observational reports of imitation for primates is 

probably due to the wide range of movements that they may exhibit, the extent to which 

human observers have spent time in close contact with these animals, and anthropomorphic 

biases (Fragaszy & Visalberghi, 1996).

1.1. Serendipitous observations

Moore (1992) has claimed that certain serendipitous observations, or anecdotes, should be 

interpreted as providing evidence of imitation, providing they have been reported by suitably 

qualified observers. Sections 1.1.1 and 1.1.2 review examples of prima facie  anecdotes of 

behavioural concordance reported by scientists. Only anecdotes describing behavioural 

concordance for non-object-directed movements were selected because these cases could not
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be accounted for in terms of socially mediated effects based upon response correlated 

inanimate stimuli. In Section 1.1.3 Moore's claim is evaluated with reference to these 

examples.

7.7.7. A monkey lapping milk

One published serendipitous observation related to an unusual consummatory behaviour 

(Ball, 1938). Pepper, a juvenile rhesus monkey that had been raised with a kitten, was 

observed in a pet shop window drinking milk in the same lapping manner as a cat, rather than 

the sucking method characteristic of monkeys. Thus, the topography of this monkey's 

drinking was reported to be more similar, in a distinctive way, to that of an observed cat than 

that of a conspecific. However, the extent to which this observation provides convincing 

evidence of inter-species imitation rests upon two assumptions which are hard to assess. 

First, is the assumption that this behaviour may not have become adopted by chance. On the 

one hand, drinking behaviour is likely to be fairly genetically constrained, and therefore tend 

to be species typical (this is reflected in Ball's insistence that, in over 600 monkeys 

encountered by colleagues, lapping had never been observed). On the other hand, the bias 

to report anecdotes of interesting effects leads to a sampling bias that may overestimate even 

the most unlikely of events; Pepper may have lapped his milk because he was one of a small 

proportion of monkeys that spontaneously exhibit this technique and other lapping monkeys 

have not been reported, or remembered by scientists, because they lack such a cute story to 

explain their behaviour. The second assumption is that Pepper had the capacity to exhibit 

either drinking technique. It is possible that Pepper's drinking method was enforced: He had 

been housed with a kitten because of repeated serious attacks from his father, which may 

possibly have damaged the musculature required for sucking.

7.7.2. Chimpanzees and signing

Some other anecdotes that have been claimed to indicate imitation have been the 

serendipitous product of attempts to teach chimpanzees language using American Sign 

Language (ASL). ASL is comprised of gestural signs not directed at objects or specific 

locations in the environment, so the reproduction of signs is unlikely to be due to a, non-
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imitative, social effect based upon a representation of the inanimate world (such as stimulus 

enhancement). In his re-analysis of data from Project Nim (e.g.. Terrace, Petitto, Sanders, 

and Bever, 1979), Sanders (1985) concluded that many of Nim's gestural utterances were an 

immediate reproduction of those of a trainer, and that these were likely to have been due to 

"imitation". However, immediate reproductions of signs may have been specific trained 

responses resulting from the differential reinforcement of matching behaviour (matched 

dependent behaviour). This alternative account is supported by the observation that "Nim 

could obtain rewards by imitating his trainer's prior signs" (Sanders, 1985, p.209).

ASL was also used by Gardner & Gardner (1969) in their attempt to teach language to the 

chimpanzee Washoe. Following the imitation set series (Hayes & Hayes, 1952, described in 

Section 2.1), one of the training methods tried was the imitation of signs on command. 

Although rewards were provided whenever a demonstrated sign was seen to be reproduced, 

this did not prove to be a successful method of introducing signs into Washoe's repertoire. 

Potentially more impressive was the acquisition of two signs, "toothbrush" and "flower", after 

seeing only demonstrations of the signs in appropriate contexts and with no formal training; 

differential reinforcement of matching behaviour is unlikely to account for the acquisition of 

these signs. However, there are reasons to limit the confidence with which these behaviours 

are taken to be imitative copies. Gardner and Gardner accepted that it is a real possibility 

that there was a bias, on the part of Washoe's "devoted companions" (p. 667), to report 

appropriate signing. This is compounded by the fact that both signs are head directed, so 

similar behaviours are known to have a high baseline rate of occurrence among apes 

(Diamond & Harries, 1984). In addition, the sign for toothbrush is rubbing of the front teeth 

with an index finger. The reported spontaneous use of the sign for toothbrush in a bathroom 

may have simply been Washoe's attempt to clean her teeth, without using a toothbrush, in a 

context in which cleaning teeth tended to occur.

In a further report of the acquisition of ASL with no formal training from human caregivers, 

it was suggested that an infant chimpanzee, Loulis, acquired a vocabulary of 51 signs 

following demonstrations of signing by his adoptive mother, Washoe (Pouts et al., 1989). 

The human observers took care not to sign in Loulis' presence. It was reported that some 

new signs were first observed after being modelled by Washoe: "As Washoe was signing 

DRINK, Loulis watched her and signed DRINK, himself (p. 290). However, it is impossible
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to assess whether Loulis' signing may have been contingent upon having seen a 

demonstration because the frequency of new signs that did not follow a demonstration by 

Washoe was not reported. Furthermore, because the chimpanzees were not continuously 

observed, the first sighting of a novel sign need not be the occasion on which that sign was 

acquired. Other processes were likely to have accounted for many of the signs. For example, 

Washoe was observed moulding Loulis' limbs into the shapes of certain signs. She also was 

reported to have physically indicated the part of Loulis' body to which a new sign should be 

directed. Without continuous observation, tuition cannot be ruled out as an alternative 

explanation for the acquisition all of the acquired signs, including that for "drink". It is 

possible that Washoe, not Loulis, was sensitive to the correspondence between observed and 

executed signs. Even though such a sensitivity could be accounted for by specific 

correspondences learned during Washoe's formal training, this anecdote is striking because 

examples of tuition by animals are rare and controversial (Premack, 1991).

1.1.3. Problems with anecdotes

Although the observations reported in this section conform to Moore's (1992, pp 236 - 237) 

criteria of good anecdotal evidence, none of them provides conclusive evidence of imitation: 

It has been possible to provide non-imitative accounts of these observations that were 

reported on "first hand accounts by competent observers", and, at first glance, seemed 

"sufficiently well-defined to permit unambiguous perception". Perhaps anecdotal data can 

never be conclusive. A number of methodological issues that have a particular impact upon 

anecdotal evidence have been revealed. Behaviour concordance must be assessed on the 

reported subjective Judgement of similarity in response topography, with target topographies 

not under the observer's control, that are often made by researchers uncertain about their own 

impartiality (e.g., Gardner and Gardner, 1969). A publication bias that favours positive 

anecdotal evidence makes it difficult to rule out chance factors for any unambiguous 

concordance (e.g.. Ball, 1938). A failure to consider the history of the animal prior to the 

observation could result in the overlooking of non-imitative factors which might result in 

behavioural concordance, such as (1) physiological constraint to exhibit the target behaviour 

(e.g.. Ball, 1938), (2) provision of positive reinforcement for matching behaviour (or matched 

dependent behaviour, e.g., Sanders, 1985), (3) physical manipulation into the target 

behaviour ("moulding", "co-action" or "putting through", Moore, 1992; e.g., Fouts et al.,
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1989). Anecdotal reports of behavioural concordance for object directed movements (e.g., 

Russon & Galdikas, 1993, 1995) tend to be subject to an even larger range of alternative 

explanations (Whiten & Ham, 1992).

1.2. Locale-specific behaviours

Locale-specific behaviours that have been systematically studied tend to involve the 

consumption of food items, that are either indigenous (e.g., termite fishing, Goodall, 1973) 

or provided by humans (e.g., unwrapping caramels, Itani, 1965), and the acquisition of novel 

skills to prepare the food item for consumption. Although reported examples of locale- 

specific behaviours tend to be for species of primate (see Lefebvre, 1995a, 1995b, for 

reviews), most frequently monkeys (e.g., Goodall, 1973; Itani, 1965; Kawai, 1965; Nishida, 

1987), instances have also been reported for cetaceans (Weinrich, Schilling & Belt, 1992), 

birds (Fisher & Hinde, 1949), and rats (Gandolfi & Parisi, 1973). Of these reports, that of 

the spread of potato washing amongst a sub-population of Japanese macaques residing on 

the Koshima Islet (Kawai, 1965; Nishida, 1987) is probably the one most cited as an example 

of cultural transmission of behaviour through imitation (see, e.g., Galef, 1990; Lefebvre, 

1995a).

The standing of locale-specific behaviour as a source of suggestive evidence of imitation has 

been undermined, following a critical analysis of a single locale-specific behaviour: potato 

washing at Koshima (Galef, 1990). This section evaluates Galef s critique by examining the 

case o f potato washing at Koshima, the most thoroughly investigated example of locale- 

specific behaviour. First, it is suggested that at least one of Galef s non-imitative accounts 

can provide an alternative account of the potato washing phenomenon. Later, it is argued 

that the absence of behavioural measures, identified by Galef as indices of imitation, cannot 

not rule out imitation as explanation for a locale-specific behaviour. Although locale-specific 

behaviours are unlikely to provide conclusive demonstrations of imitation, as suggestive 

evidence, they should not be readily dismissed by accounts of the phylogenetic distribution 

of imitation (e.g., Moore, 1992, 1996; Visalberghi & Fragaszy, 1990a; Whiten & Ham,

1992).
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1.2.1. Potato washing at Koshima and an alternative explanation

In 1953, a juvenile monkey was observed to begin to take sandy pieces of sweet potato to 

a stream, and wash these food items before eating them. At that time, no other animal in the 

troop had been observed to wash sweet potatoes, but ten years later sweet potato washing 

had become common within the troop. The sequence in which individuals acquired this 

behaviour was consistent with the frequency with which monkeys interacted with the 

innovative animal, suggesting that the behaviour may have been acquired by the monkeys at 

Koshima as a result of them being exposed to, and then imitating, the potato washing 

movements of this individual.

The most persuasive of the alternative accounts proposed by Galef is that potato washing 

could have been socially transmitted through stimulus enhancement. Without appropriate 

controls, it is impossible to evaluate the relative contributions of imitation of the movements 

involved in potato washing, and the socially mediated acquisition of information about an 

object (the potato) in a particular context (close to water), to the acquisition of potato 

washing. Stimulus enhancement of the potato while the animals' were close to a source of 

water may have been sufficient to result in an observer learning to wash potatoes. Even non- 

intrusive studies that have focused upon the acquisition of the behaviours which have resulted 

in behavioural concordance of food processing in wild (e.g., Hauser, 1988), or captive (e.g. 

Beck, 1976), groups of monkeys have been able to rule out non-imitative social effects.

1.2.2. Behavioural indices o f imitation?

Galef (1990) claimed that two behavioural indices show that social factors did not play a role 

in the propagation of potato washing at Koshima, a conclusion that has been uncritically 

accepted within two influential reviews of imitation (Visalberghi & Fragaszy, 1990a; Whiten 

& Ham, 1992), and has undermined the value of locale specific behaviours as suggestive 

evidence for social transmission processes such as imitation. However, neither claim stands 

up to scrutiny. One putative index of imitation which was considered to be lacking for the 

case of potato washing was an accelerating rate of acquisition of the behaviour over time as 

the number of animals that were washing potatoes, and could potentially act as
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demonstrators, increased. In fact, the rate at which potato washing was acquired has recently 

been shown to have increased as a function of its frequency of expression (Lefebvre, 1995a). 

In the majority (75%) of other reported cases {N = 20) of locale specific behaviour in 

primates where quantitative data were available, the best fit was also provided by an 

accelerating function. More generally, however, Lefebvre argued that a social process of 

behavioural transmission does not necessarily result in an accelerating rate of acquisition 

because the propagation of alternative behavioural strategies, such as kleptoparasitizing 

successful animals (also referred to as "scrounging"), may be frequency dependent, and may 

prevent the social transmission of behaviour (e.g., Giraldeau & Lefebvre, 1987).

The other putative index of imitation identified by Galef, was a relatively high rate of 

acquisition of a behaviour. Because potato washing slowly spread through the troop over 

a number of years, it was considered to be unlikely to have been the result of imitation. 

However, a low rate in the expression of a behaviour need not necessarily be a consequence 

o f a relatively slow learning process. Other conditions are required in order that the 

behaviour may be exhibited. The selective provisioning of potatoes to proficient washers 

(Green, 1975) might have reduced the apparent rate of transmission by restricting potato 

washing to those that had been observed to be able to do it. After all, potato washing cannot 

occur without access to a potato. Furthermore, there is evidence to suggest that restricted 

resources can reduce the rate of acquisition of food washing behaviour (Visalberghi & 

Fragaszy, 1990b). Visalberghi and Fragaszy found that this behaviour spread through a 

group of captive monkeys more quickly when a plentiful supply of fruit (the target food) was 

continuously available (Experiment 1) than when monkeys were individually provisioned with 

food by the Experimenter (Experiment 2). Imitation need not necessarily result in the speedy 

or accelerating rate of acquisition of a locale-specific behaviour.

2. W it h in  s u b j e c t  c o n t r o l s

In most studies designed to provide evidence of imitation under controlled conditions, 

observer animals have been presented with demonstrations of target movements which were 

under the investigator's control. These controlled experiments could have the potential to
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provide conclusive evidence of imitation in animals, overcoming the weaknesses of non- 

intrusive studies. By manipulating the visual information presented to observers, 

experimenters could attempt to establish that visual exposure to the movements o f another 

agent caused a change in the probability with which the same movement is executed, thus 

satisfying the present definition of imitation. In each of the experiments reviewed in this 

section, demonstrations of more than one target movement were presented to each animal. 

Thus, the essential feature of the methodology used to test for imitation in each of these 

experiments was a within subjects manipulation.

Two types of within subjects control are considered in turn. One approach has been to 

conduct intensive case studies of the proportion of a relatively large number of demonstrated 

target movements that are reproduced either by a single animal or by each member of a small 

group of animals. Case studies involving numerous target movements are reviewed in 

Section 2.1. In contrast, a second approach has been to train groups of animals to imitate 

by subjecting them to a procedure involving conditional discrimination training and two types 

of movement. The index of imitation used in these experiments was the acquisition of 

discriminative responding with one movement, after demonstrations of the same movement, 

and responding with the other movement, after demonstrations of that movement. 

Experiments which have attempted to examine a trained tendency to imitate using such a 

procedure are reviewed in Section 2.2.

2.1. Numerous target actions

2.1.1. Manipulation of human artifacts by ^enculturated' chimpanzees

Tomasello and colleagues conducted a comparative study, using smaU samples of 

chimpanzees and human children, to investigate potential species and developmental 

differences in imitative competence (Tomasello, Savage-Rumbaugh & Kruger, 1993). They 

measured the proportion of a set of object-directed movements (e.g., squeeze the handle on 

a sifter, flatten "Play-Doh" with a roller), presented by an adult human demonstrator, that 

were reproduced on the command do what I do. Specifically, the performance of 

chimpanzees that were "enculturated" by being raised in a human-like environment {n = 3)
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was contrasted with that of others which had been reared by their own mothers (« = 3). The 

proportion of target movements which were judged to have been reproduced by the 

chimpanzee subjects was found to have been higher for enculturated animals (approximately 

50%) than for the mother-reared animals (approximately 10%). On the basis of this finding, 

and the performance of the children, Tomasello et al. concluded that chimpanzees, like 

children, have the capacity to imitate, but only if they are enculturated.

Although Tomasello et al. found an impressively high rate of concordance for their 

enculturated chimpanzees, imitation is not necessarily the cause of the proportion of target 

movements reproduced for these animals, or for members of any of the other populations that 

were tested. Their study provided no reliable indication of the rate at which spontaneous 

behaviours might be expected to have matched the target movement by chance. The only 

attempt to rule out chance matches was the provision of a play period in which the subject 

must come into contact with each object once. Data for target movements that had been 

spontaneously exhibited during free play were not considered. Otherwise, it was assumed 

that the likelihood of the target movement occurring spontaneously when tested was 

sufficiently low to implicate imitation as its cause. This assumption may have been 

misplaced. Many of the target movements were consistent with those for which the object 

was designed, so brief contact during the play period might not, but later contact after 

stimulus enhancement might, be expected to result in the elicitation of the target movement. 

The problem of spontaneous matching is compounded by the way in which concordance was 

measured, which biased the levels of concordance reported towards "imitative" results. For 

each animal, any movement which followed either of two demonstrations and was judged to 

have been most like that demonstrated was recorded as the subjects response.

While the lower proportion of target actions that mother-reared chimpanzees reproduced 

might appear to suggest the absence of a capacity available elsewhere, the difference in 

concordance due to "enculturation" may have been due to non-imitative factors. 

Enculturated chimpanzees may tend to be more likely to manipulate human artifacts than 

mother reared chimpanzees. Some support for this idea can be found in Tomasello et al.'s 

results. A higher proportion of target actions occurred during the free-play period for the 

enculturated animals (13%) than for the mother reared animals (3%). Alternatively, 

socialisation with humans might result in enculturated chimpanzees being more susceptible
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to stimulus enhancement of relevant parts of the objects.

2.1.2. A parrot's movements during vocalisations

Moore (1992) conducted an intensive case study of behavioural concordance in a single Grey 

parrot "Okichoro", and reported results suggesting that the parrot could imitate. As in 

Tomasello et al.'s (1993) procedure, a number of movements were demonstrated to the 

subject by a human experimenter. These were presented several times each day over a five 

year period. However, the movements were not object directed, and behavioural 

concordance was assessed in an unusual way. Okichoro's movements were remotely 

recorded, and the parrot's vocal mimicry ability was used to help solve the problem of how 

to sample behaviours for analysis, and to determine which target movement the bird's 

behaviour should be compared with. Demonstrations of each target movement were 

accompanied by a verbal label. For example, the experimenter paired the presentation of the 

word "ciao" with hand waving. Samples of the parrot's behaviour were then opportunistically 

recorded when it began vocalising. Okichoro was reported to have reproduced movements 

which it could have observed during vocal demonstration of eight of the utterances, while 

mimicking these utterances. Four of these were planned target movements, while the 

remainder were serendipitous observations of cases in which a movement that was judged 

post hoc to have been viewable during vocal mimicry training of particular words. On a high 

proportion of occasions in which the parrot vocalised one of these verbal labels, it was 

reported to have concurrently performed the appropriate target action (M = 60%), suggesting 

that Okichoro was both able to imitate, and sensitive to the association between these 

movements and their verbal labels.

Although there are problems with the interpretation of Moore's principal finding, none of 

them are inherent to the design of his study, and, to some extent, they can be minimised by 

a closer examination of the reported data. The problems concern the possibility of an 

overestimation of the proportion of the occasions that a verbal label tended to be reproduced 

along with concurrent production of the target movement, leading to a bias toward an 

imitation result.
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There are a number of ways in which Okichoro's rate of concordance might have been 

overestimated. First, concordance proportions were only reported for those verbal labels for 

which the target behaviour was reproduced; data for all the items presented to the parrot 

should have been taken into account. At least two planned demonstration items (winking and 

hand opening, plus an unspecified number of others) were presented with no sign of 

imitation. However, this problem is potentially greater for the four fortuitous matches that 

were reported. How many possible unplanned utterance-movement pairings might the parrot 

have been presented with? Perhaps a great many: The parrot's vocabulary had reached 260 

words. A second problem concerns ambiguity in the assessment of behavioural concordance. 

For three of the items (one planned, two unplanned) more than one behaviour was considered 

to match that demonstrated by the experimenter. Finally, judgements of behavioural 

matching may not have been impartial because concordance was assessed by the 

experimenter, and not by independent raters (c.f., Gardner & Gardner, 1969, and Section 

1.1.3).

Given these three problems, Okichoro's imitative capacity might best be evaluated on the 

basis of the three label-movement pairings which were both planned, and for which 

reproduction of the target movements could be unambiguously determined. These actions 

{Look at my tongue - "the parrot opened its beak and raised its tongue into view" (p. 248); 

Shake - "rapid right/left head rotation" (p. 252); and Nod - head nodding), occurred on 44%, 

91% & 65% (respectively) of occurrences in which the action word was repeated. These 

high proportions, and Moore's statement that "various movements and their labels were 

almost never mismatched" (p.253), suggest that Okichoro was sensitive to the 

correspondence between observed and executed actions, although it would have been helpful 

if the frequency with which an alternative target action was exhibited during vocalisation of 

these verbal labels had been reported.

2.1.3. The imitation Set Series

In the first of two studies of its kind, Hayes & Hayes (1952) attempted to train their 

chimpanzee, Vicki, to imitate a range of their behaviours on command in order to facilitate 

her language training. In what they have called "The Imitation Set Series", Vicki was 

rewarded with food for performing the behaviour demonstrated after the verbal signal do this.
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Many of the target behaviours either did not involve an object, or had alternative targets 

directed to the same object. Most of the first few behaviours demonstrated from this series 

were not immediately copied by Vicki. After such failures the experimenters attempted to 

correct performance using shaping and "moulding" (physical manipulation) procedures, with 

some success. Vicki was gradually trained to make the same movements that were 

demonstrated to her. However, the selective reinforcement of matching behaviour by the 

human observers means that a high overall rate of repeating the demonstrated behaviour 

might simply be due to humans' sensitivity to correspondences rather than Vicki's; she might 

have learned that certain human actions were signals that particular actions would be 

reinforced when performed (matched dependent behaviour).

Matched-dependent behaviour could not explain any tendency for Vicki to copy a novel 

demonstration immediately, before food had been presented. Of the final 50 behaviours that 

were presented, 20% were reported to have been immediately reproduced. However, this 

rate of concordance does not conclusively indicate an acquired ability to imitate observed 

movements on demand. For the critical 10 target movements, there is neither a baseline 

which could be used to indicate what proportion of spontaneous behaviours might have been 

expected, by chance, to have been judged by these observers as matching target movements, 

nor a report of the types of behaviour involved. Because Vicki was also subjected to vocal 

language training, some items from the series were vocalisations. Hayes and Hayes did not 

report whether all, or any, of the ten immediately copied actions were vocalisations. The 

reproduction of vocal behaviour does not constitute evidence for a capacity for the imitation 

of movements because it has different information processing demands (see Chapter 1, 

Section 1.1).

A subsequent test of Vicki's ability to imitate actions from the imitation set series, which 

involved presentations of a picture of each target act (Hayes & Hayes, 1953), must have 

included only observable movement items. As well as Vicki's reported ability at this task 

being only equivocal, interpretation of her ability to copy pictured movements is hampered 

by the use of the items from the imitation set series. Because her overall behaviour in the 

imitation set series could have resulted from human demonstrations of movements becoming 

discriminative stimuli indicating which behaviour would be reinforced, any subsequent ability 

to match the same movements, represented pictorially, may be due to generalisation between
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the live performances and the pictures.

2.1.4. Hayes and Hayes (1952) revisited

Custance, Whiten & Bard (1995) have reported the results of a study which avoids some of 

the pitfalls associated with the Hayes & Hayes study. Two chimpanzees, Katrina (KA) and 

Scott (SC), were trained, using similar moulding and shaping techniques as had been applied 

to Vicki, to reproduce a set of demonstrated movements that were accompanied with the 

verbal command do this. However, unlike the earlier study, this was followed by a distinct 

testing stage in which novel probe movements were demonstrated with no formal training. 

The testing stage was begun when both subjects were reliably reproducing approximately 

80% of the 15 trained items. From this point in the study onwards, each novel target 

movement, from a set of 48 items, was demonstrated three or four times within sessions in 

which reproductions of the trained items continued to be reinforced. After demonstrations 

for all of the probe items had been gradually introduced into a testing session, each probe 

item was presented during one further session. In contrast to Hayes and Hayes' study, all the 

movements presented to these chimpanzees were described in the report and were non-vocal 

behaviours that did not involve manipulation of an object. With this selection of target items, 

and as had been the case for the study reported by Moore (1992), a socially mediated 

influence to direct behaviour to a particular part of an object could not explain behavioural 

concordance

According to Custance et al., their study provides more convincing evidence of the 

acquisition of an ability to imitate observed movements on command than the earlier study 

by Hayes and Hayes. Two independent observers, when asked to identify the target 

movements which preceded videorecorded instances of the chimpanzees' behaviours, 

correctly identified the target movement for a high proportion of behaviours for both animals 

(KA, 27%; SC, 35%). Three matching judgements were excluded from these reported 

proportions because concordance was judged to have occurred when the animal reproduced 

a movement from the training set which was similar to the target movement. The authors 

reported that both animals' rates of concordance were much greater than that which would 

be expected by chance, and concluded that chimpanzees that have been provided with a 

period of tuition can imitate observed movements.
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Although there appear to be no fundamental problems with the procedure that Custance et 

al. used to collect behavioural data from the chimpanzees, the method that they employed to 

code these behaviours, and their statistical treatment of these coded data could easily be 

misinterpreted as providing convincing evidence of chimpanzees' ability to imitate behavioural 

topography with a fine degree of resolution.

One issue relates to the fidelity of the matches. Custance et al. acknowledged that "Very few 

of Scott and Katrina's responses could be considered "perfect" imitations" (p. 854), although 

they attributed this to the chimpanzees either having difficulty reproducing the movements 

of another species or lacking the understanding that the command to do this was intended 

as a request for an imitation of an observed movements with as much fidelity as they were 

capable. However, by having asked raters to code the target movement that they thought 

each behaviour most resembled, the behaviour that Custance et al. subjected to statistical 

analysis was human raters' ability to identify correctly the movement that the animals had 

observed, rather than the extent to which the topography of the movements were similar. 

Because the raters were asked to select a target movement for each of the chimpanzees' 

behaviours that they observed (a forced choice procedure), the movements coded as being 

the same as that demonstrated may have been similar to a greater or lesser degree. 

Nonetheless, the proportion of cases in which an animal's novel response was judged to have 

followed the movement that it had seen, if reliably greater than that expected by chance, 

could indicate that either chin^anzee had tended to imitate the target movements that it had 

observed, at least at some level of abstraction.

A second issue relates to the statistical analysis of the chimpanzees' rates of concordance. 

Unfortunately, the reported analyses are less than conclusive. The proportions of novel 

target movements in which raters were reported to have correctly identified the target were 

likely to have been inflated by chance matches (chimpanzee) and chance matching judgements 

(human rater) by including any target movement identified by one or both of the raters that 

occurred after either of the two series of demonstrations (4 bites at the cherry). In addition, 

the authors' application of a binomial test to these rates of concordance could, potentially, 

have also capitalized on chance. Custance et al.'s "multinomial test" (p. 845) requires an 

assumption to be made about the probability with which a target movement should be 

expected to be assigned correctly by a rater through chance alone (Siegal & Castellan, 1988).
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Table 2.1: Reanalysis of Custance et al. (1995).

Rate of concordance (%)

Rater KA SC

1 or 2 23 25

1 17 17

2 15 19

1 and 2 8 10
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Because, for each rated behaviour, raters were free to select any target movement from the 

set of 48 probe items, this was taken to be 1 in 48. However, it is likely that this probability 

has been underestimated, given the coding procedure that was ençloyed. The raters watched 

the chimpanzees' responses to each series of demonstrations twice, making provisional 

selections on the first viewing, and then, as a result of the second viewing, "firmed up" 

(p.343) their selections. Thus, each selection was not independent of the others, and, if they 

had made the reasonable assunption (or were told) that each target movement was presented 

to the animals only once, the raters would have been unlikely to have considered the 

complete set of target movements for each selection.

Fortunately, the breakdown provided by the authors for each animal's response to each series 

of demonstrations (Custance et al., 1995, Table 3) enables a re-analysis of the chimpanzees' 

tendency to imitate. The re-analysis was based on raters' judgements for a single series of 

demonstrations, the first series. Judgements based upon the first series of demonstrations is 

likely to provide a more accurate indication of an imitative tendency than those for the 

second series, because the former are less likely to be contaminated by inadvertent selective 

reinforcement of matching probe movements. Table 2.1 presents rates of concordance for 

each animal, broken down by the person making the ratings.

The data in Table 2.1 provide some support for the concerns raised above. They appear to 

indicate that the higher concordance rates reported by Custance et al. (KA, 27%; SC, 35%) 

capitalised on chance matches by both the animals and the human raters. In addition, the lack 

of agreement between the raters is consistent with subjective coding of non-perfect 

imitations. The extent to which these concordance rates suggests that the chimpanzees had 

tended to be imitated could be evaluated by considering what probability of a single chance 

match would have to be assumed in order that these rates could have occurred by chance. 

For the concordance rates yielded by each individual rater's coding of each chimpanzee's 

behaviour, these probabilities range from 1 in 11 (for 19% concordance, SC, Rater 2) to I 

in 16 (for 15% concordance, KA, Rater 2). Although the concordance rates could have been 

analysed with more certainty if the independence of each rating had been maintained so that 

the probability of a single chance concordance judgement could be established a priori, it 

seems implausible that the lack of independence of the judgements made by Custance et al.'s 

raters could have inflated this probability to such an extent. Thus, their study appears to have
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demonstrated that both chimpanzees had a tendency to imitate observed movements on 

command, at some level of abstraction, after a period of training.

2.7.5. Summary of numerous target movement studies

The studies reviewed in section 2.1. have been relatively intensive investigations of the 

proportion of a relatively large set of target movements that were reproduced either by a 

single animal or by each member of a small group of animals (e.g., Tomasello et al, 1993). 

Because of the small sangles of animals employed in these studies, the type of inference that 

generally can be made on the bases of rates of concordance is the tendency to imitate 

exhibited by the specific animals tested. However, it only takes one positive case to provide 

evidence of animal imitation. The present review of studies that have used this type of 

method suggests that at least three animals, two chimpanzees (Custance et al, 1995) and a 

parrot (Moore, 1992), have been found to have a tendency to imitate movements when their 

rates of concordance were subjected to a detailed re-evaluation. For each of these animals, 

the imitated movements were not directed at external objects.

2.2. Transfer tests following conditional discrimination training

Conditional discrimination training has been adopted in experiments that have investigated 

a trained tendency to imitate using laboratory rats as subjects (e.g.. Miller & Dollard, 1941), 

resulting in an effect which have become known as matched dependent behaviour. Hungry 

naïve follower rats were given the opportunity to follow a leader rat that had earlier been 

trained to solve a simultaneous visual discrimination problem on an elevated T maze. The 

arm on which food would be presented to the leader, and which leaders consistently 

approached, was signalled by a large coloured card (S+). A card of a different colour (S-) 

was located on the other, unbaited, arm, which the leader avoided. Half the follower rats 

(Group SAME) were trained to follow their leader: they received a reward when they chose 

the same arm as their leader, and a sharp tap on the nose if they chose the opposite arm to 

their leader. The remainder of the followers (Group DIFF) were trained to choose the 

opposite arm to their leader. Although there was no evidence of an initial tendency to follow 

the leader for the whole sample of rats {N = 16, first trial 50% followed), after 7 trials had
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been administered in each of 12 days of training, rats assigned to Group SAME had learned 

to follow their leader, while those assigned to Group DIFF had learned to choose the 

opposite arm. Subsequent transfer tests revealed that removal of the cue cards did not 

disrupt performance and that the conditional discrimination was maintained when the leaders 

were of a different strain, with a different physical appearance. These results, and similar 

findings (e.g.. Church, 1957a, 1957b; Solomon & Coles, 1954; Stimbert, 1970), suggest that, 

in some circumstances, rats may use the movements of its leader as a conditional cue 

indicating which response will be reinforced.

These experiments are currently rarely considered in discussions of imitation (but see Howard 

& Keenan, 1993, for an exception) because they are now conventionally interpreted as not 

being a social learning effect (Galef, 1988; Heyes, 1994b). Galef noted that new behaviours 

are not added to an observer's repertoire, because "once the leader (the discriminative 

stimulus) departs, those aspects of a follower's behavior dependent on the presence of the 

leader are lost" (1988, p. 19), and Heyes (1994b) suggested that it follows that these effects 

have no place within a categorisation of social learning. Excluding these effects from 

theoretical treatments of imitation on the basis that they do not support the ' social 

transmission of new behaviour is understandable when the research objective is to investigate 

the function of imitation. However, when the mechanism of imitation is of primary interest, 

the relevance of such effects depends upon the extent to which they can be shown to be 

accounted for by non-imitative processes, i.e., processes that do not involve the mapping 

problem.

In fact, experiments that have investigated the training of a tendency for rats to make the 

same response as a leader have not ruled out a role for imitation in producing following 

effects, and have produced some results which could be interpreted as providing indirect 

evidence for an imitative account. The orthodox, matched dependent behaviour, account of 

the findings of these experiments would contend that leaders' directional movements at the 

choice point had simply become discriminative stimuli for the elicitation of directional 

responding. Consequently, rats are not considered to be sensitive to the equivalence between 

the observed discriminative stimulus and their own movements; it has been argued (e.g., 

Galef, 1988; Zentall, 1996) that the discriminative stimulus for, say, left turning could just 

as easily be a rat turning to the right or an inanimate object. An alternative, imitative,
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Figure 2.1: Miller and Dollard's (1941) results. These data appear to indicate an initial 

facilitation of training to follow a leader (Group SAME) relative to training to make the 

opposite response as a leader (Group DIFF). Data were recoded as percentage reinforced 

responses, having been graphically estimated from Social learning and imitation. (Chapter 

7, Experiment 1, Figure 4), by N.E. Miller and J. Dollard, 1941, New Haven: Yale University 

Press.
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account would be that the animals were sensitive to the correspondence between the 

observed movements of a leader and their own movements: Followers may have used the 

behaviour of their leader as a conditional cue, but could have re-represented it into a format 

specific to the execution of the movements observed. On a theoretical level, it could be 

argued that if the members of a species possess a capacity for imitation, they might 

automatically represent any observed behaviour as the movements of another agent. On an 

empirical level, some indirect support for the imitative account comes from the findings that 

suggest that the movements of a conspecific both are a more effective conditional cue than 

inanimate objects (Stimbert, 1970), and tend to act as the conditional cue even when 

inanimate cues could also fulfil this role (Miller & Dollard, 1941, Experiment 1). Closer 

inspection of the acquisition performance of the rats in Miller & Dollard's experiment, 

illustrated in Figure 2.1, also indicates that the rate at which the conditional discrimination 

was acquired tended to be faster for Group SAME than for Group DIFF. Although Miller 

& Dollard commented on this difference, they did not report whether it was statistically 

reliable.

More direct evidence that a behavioural concordance effect found after observers were 

provided with conditional discrimination training to reproduce observed responses were due 

to an imitative process could come from the application of well selected transfer tests. 

Transfer tests, following conditional discrimination training, have been used to good effect 

in studies of animal cognition (for a recent evaluation of this methodology, see Heyes, 

1993b). Two experiments that have followed the training of rats to reproduce observed 

responses with transfer tests involving a new target movement in a novel apparatus have 

provided inconclusive evidence for a generalised tendency to imitate (Miller & Dollard, 1941; 

Solomon & Coles, 1954). A marginal transfer effect was found in one experiment (Miller 

& Dollard, 1941, Experiment 4) and no evidence of transfer in the other (Solomon & Coles, 

1954). However, the potential utility of transfer tests after training to imitate should not be 

dismissed on the basis of these mixed results. Experiments that have been considered as 

attempts to develop an imitation set (Hayes & Hayes, 1952; Custance, Whiten & Bard, 1995) 

provide some support for the idea of a trained tendency to imitate, and the use of a transfer 

methodology to test this. In these experiments (see Sections 2.1.4 and 2.1.5), chimpanzees 

were found to be likely to match novel probe movements after earlier training to do as I  do. 

However neither study examined whether the initial training was, in fact, responsible for these
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effects. Human children with learning difficulties have also been found to reproduce 

observed movements after training to imitate (Baer, Peterson & Sherman, 1967).

The findings of studies involving conditional discrimination training appear to have been 

dismissed prematurely as being due to matched dependent behaviour. Although experiments 

employing this methodology have not provided conclusive evidence of imitation, training 

studies of imitation could be a valuable tool for the investigation of the mechanism of 

imitation by providing a sensitive assessment of a competence to imitate, rather than a 

method of measuring a spontaneous tendency to imitate (Howard & Keenan, 1993; Whiten 

& Custance, 1996).

3 . B e t w e e n  S u b j e c t s  C o n t r o l s

In the experiments reviewed in this section, like those in the previous section, investigators 

attempted to establish that visual exposure to the movements o f another agent caused a 

change in the probability with which the same movement is executed by manipulating the 

visual information presented to observers. However, the present experiments differ from 

those reviewed in the previous section in that independent groups of animals were presented 

with different types of visual information; the critical controls were thus between subject 

manipulations.

Three types of between subjects tests are considered in turn. Single action tests, are 

concerned with observers' acquisition of a single, arbitrary, instrumental response, such as 

bar pressing in rats or key pecking in pigeons. Two action tests typically use two target 

movements, and are similar in rationale to within subjects designs involving numerous target 

movements (Section 2.1), and the cross-target procedure that has been used to investigate 

infant imitation (e.g, Meltzoff & Moore, 1977; see Chapter 1, Section 2.2.1). They have also 

been called "pattern control" procedures (e.g., Galef, 1988). Bidirectional control^ tests are

* Bidirectional control procedures have also been used within the investigation of 
asocial learning processes to distinguish Pavlovian conditioning from instmmental 
learning (e.g., Dickinson, Campos, Varga & Baileine, 1996; Grindley, 1932). In this 
thesis, the term bidirectional control will be used to refer to the social, rather than 
asocial, type of experimental design.
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a type of directional control test. Like other two action tests, a bidirectional control 

experiment involve two target movements directed at a single manipulandum, and utilises a 

measure of observers' tendency to make the same type of movement as had their 

demonstrator as an index of imitation.

3.1. Single Action Tests

In a typical single action test, one group of observers are exposed to a conspecific 

demonstrator executing the target movement, and are expected to show savings in the rate 

at which they acquire the same simple response with respect to control groups, such as 

animals that have not been exposed to demonstrations of the target response. Thus, this type 

o f design has also been referred to as a savings method (e.g., Moore, 1992) and a non

exposed control method (e.g., Heyes & Dawson, 1990). As Heyes & Galef (1996) note, this 

was the dominant methodology employed in social learning research reported before the 

present decade (see, e.g., chapters in Zentall & Galef, 1988), but single actions tests have 

attracted little interest of late. This is probably because single action tests provide a poor test 

o f imitation; extensive problems have been identified in a comprehensive review of 

experiments employing this type of design (Zentall, 1996). Therefore, only a sample of these 

experiments are reviewed, which serves to illustrate the alternative explanations for 

demonstrator-consistent responding in single actions tests.

One representative experiment that has attempted to demonstrate imitation of lever pressing 

movements in rats using a variety of non-exposed control groups has been reported by 

Zentall & Levine (1972). Over a series of daily sessions, each observer was trained to lever 

press for water reinforcement. Each rat in the experimental group (Group PRESS) could 

witness, during each of these sessions, a trained demonstrator pressing its lever for food in 

an adjacent operant chamber (each chamber had Perspex walls). Rats assigned to each of the 

three non-exposed control groups were not able to see demonstrations of lever pressing. For 

one control group (Group EMPTY), the neighbouring operant chamber was not occupied 

by a demonstrator. For the remaining control groups, demonstrators were present which had 

not been trained to press the lever, and either consumed the water presented at irregular 

intervals (Group DRINK) or passively occupied the chamber while no water was presented 

(Group PASSIVE). Observers from Group PRESS were found to press their lever more
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readily than those providing a trial and error baseline (Group EMPTY) and those providing 

controls for the effects of social facilitation (Groups DRINK and PASSIVE). Zentall and 

Levine concluded, on the basis of these results, that observation of lever pressing facilitated 

the acquisition of the same behaviour, indicating that their rats had the capacity to imitate.

Demonstrator-consistent responding effects in experiments, like 2^ntall and Levine's (1972), 

that have employed single action tests are subject to alternative, non-imitative, interpretations 

whenever the single action is directed towards a specific type of manipulandum. On 

reflection, Zentall (1988, p.204) has concluded that "the problem [with single action tests] 

is that stimulus enhancement can be proposed as an explanation for facilitated acquisition by 

observers whenever external stimuli are involved in the task to be imitated." The suggestion 

is that stimulus based social effects, as well as imitation, could account for these effects. 

Observers exposed to, say. Group PRESS do not differ from those assigned to non-exposed 

control groups only by virtue of having been exposed a demonstrator making a pressing 

movement. They are also distinctive in having been exposed to a demonstrator directing its 

behaviour to the locale of the lever and contacting this particular object. Local or stimulus 

enhancement could account for the results of experiments that have found savings in the rate 

of acquisition of a single, arbitrary, instrumental response for groups exposed to 

demonstrations of the response relative to non-exposed control groups subjected to any of 

the following conditions: exposure to an empty chamber (e.g., Huang, Koski & DeQuardo, 

1983; Jacoby & Dawson, 1969; Zentall & Levine, 1972), exposure to a passive conspecific 

(e.g., Huang et al., 1983; Zentall & Levine, 1972), exposure to a conspecific consuming 

response independent food (e.g., Gardner & Engel, 1971; Zentall & Levine, 1972), or 

shaping by an experimenter (e.g., Corson, 1967; Jacoby & Dawson, 1969).

Palameta & Lefebvre (1985) have reported the results of an elegant experiment that was 

designed to rule out local / stimulus enhancement accounts for demonstrator consistent 

responding of a single action, but even their findings are prone to a non-imitative alternative 

explanation. Pigeons were employed as subjects, and the single movement investigated was 

pecking through a piece of paper covering a box that contained food. Observers exposed to 

a proficient demonstrator piercing the paper before consuming food (full demonstration) 

were quicker to pierce the paper cover of their own food box, and did this more efficiently, 

than those that had been assigned to a group that observed no demonstrator (non-exposed
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control) and those that had been assigned to a group that observed a demonstrator eating 

food through a hole in the paper cover at the location where piercing demonstrators directed 

their behaviour (local-enhancement control). Palameta and Lefebvre interpreted this finding 

as evidence for imitation. However, the relative savings for the observers that were exposed 

to full demonstrations could be accounted for by observational autoshaping; these pigeons 

may have pierced the paper cover more readily "because the sight of the intact cover had 

regularly preceded the sight of food during observation" (Heyes & Dawson, 1990, p. 61).

3.2. Two Action Tests

3.2.1. Budgerigars' Methods o f Removing a Food Cover

Dawson & Foss (1965) reported the results of a study which has been cited as suggesting 

that budgerigars have the capacity to imitate (e.g., Galef, Manzig & Field, 1986; Heyes, 

1993a; Zentall, 1996; but see also Byrne & Tomasello, 1995). Their experiment was 

designed to investigate any effect that the tameness of the birds might have on their rate of 

social learning, but was thought to have serendipitously provided evidence of imitation using 

a pattern control method. A total of 5 observer budgerigars (either tamed or untamed) were 

exposed to a conspecific demonstrator removing a piece of card from a food container using 

a movement pattern that it had learned by trial and error. When exposed to the covered food 

container, 24 hours after they were last provided with a demonstration, all 5 birds gained 

access to the food using a method that was judged to have been the same as that employed 

by their demonstrator. Three methods of removing the food cover occured, which were 

classified post hoc. They were: use of a foot, use of the beak to nudge, and use of the beak 

to lift. By assuming that each method was equally likely, a probability with which a single 

observer would be expected to use the same type of movement as its demonstrator by chance 

was adopted {p = .333), and a binomial test was used to evaluate the 100% concordance 

between observer and demonstrator. Dawson & Foss concluded, on the basis of this analysis, 

that the birds' behavioural concordance was unlikely to have been due to chance {p < .005), 

but noted that "this result was unexpected, and needs replication" (p. 473).
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The major interpretative problem connected with Dawson & Foss's (1965) pattern control 

study is that, contrary to current opinion (e.g., Heyes, 1996a; Whiten & Custance, 1996; 

Zentall, 1996), it should not be considered an example of a two-action test. The 

experimenters did not have control over the type of movement used by a demonstrator to 

remove the card covering the food container, and this was not systematically manipulated 

between subjects. It is possible that an uncontrolled factor was responsible for the covariance 

between demonstrators' and observers' methods of gaining access to the food. This is not as 

unlikely as it may seem at first. Dawson & Foss administered their complete procedure 

(demonstrator trial and error learning, observation, and observer testing) for a demonstrator- 

observer pair before moving on to the next pair of birds (they reported having used a single 

piece of apparatus in which pairs of birds lived for the duration of testing). An easily 

damaged component of their apparatus, the card covering the food container, may have been 

changed with the passage of time. The weight and size of a food cover has been found to 

have a strong influence upon the method with which it is removed by budgerigars (Galef et 

al., 1986).

Galef et al. (1986) went to considerable lengths to try to replicate the serendipitous 

behavioural concordance effect reported by Dawson & Foss. In their Experiment 2, a true 

two action test, they systematically manipulated the method of food cover removal presented 

to observers, overcoming the methodological problems associated with earlier studies 

(Dawson & Foss, 1965; Galef et al., 1986, Experiment 1). For each of five test days, each 

observer budgerigar (N  = 22) was presented with a demonstration of food cover removal, 

before being exposed to a covered food container. Half these birds were able to observe a 

demonstrator that had been trained to use its beak, while the remainder observed a 

demonstrator that had been trained to use its foot. The proportion of observers that used the 

same appendage as had their demonstrators was reported to have been reliably greater than 

that expected by chance on only the second day of testing. Galef et al. concluded on the 

basis o f this finding that they had demonstrated a fragile and transient tendency for 

budgerigars to imitate. However, they neither discussed why a transient imitation effect 

should be demonstrable on the second day and not on the first day of testing, nor justified 

testing for behavioural concordance on each test day without adjusting the alpha level for 

each binomial test. The difficulty in replicating behavioural concordance of food cover 

displacement methods in budgerigars has been confirmed by an unpublished experiment
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mentioned by Moore (1992).

3.2.2. Treadle Manipulations by Japanese Quail and Pigeons

Foot and beak movements were also the target movements employed in a pair of recent 

experiments that have attempted to provide evidence of imitation in birds using a two action 

test (Atkins & Zentall, 1996; Zentall, Sutton & Sherburne, 1996). In both of these 

experiments, equal numbers of observers were exposed to a trained conspecific demonstrator 

that either stepped on a treadle or pecked a treadle for food reward, before having an 

opportunity to manipulate the treadle for the first time. On this test, treadle depressions of 

either response topography earned an observer food. When pigeons were subjected to this 

procedure (Zentall et al., 1996), they were found to adopt one or other of the target 

movements, and stick with it throughout their test session. Although the pigeons were found 

to have an overall preference for stepping (more birds fell into the stepping category than the 

pecking category), exposure to a demonstration session was found to moderate this tendency. 

The proportion of observers that depressed the treadle by stepping was 100% for those 

exposed to demonstrations of stepping, and fell to 50% for those exposed to demonstrations 

of pecking.

Behavioural concordance was found to be even more robust when Japanese quail were 

subjected to the same procedure (Atkins & Zentall, 1996). On their first response, all eight 

observers were found to use the same movement topography as had their demonstrator. 

Unlike the pigeons, all the quail were found to make some of their responses with each type 

of movement. Thus, the type of movement used by these two groups of birds could also be 

evaluated using a ratio measure (c.f., Heyes & Dawson, 1990). Observers of pecking were 

found to have made a higher proportion of their responses by pecking {M = .93) than those 

that had observed a stepping demonstration (M = .21). Atkins & Zentall concluded that their 

findings provide a demonstration that quail, like pigeons (Zentall et al., 1996), can imitate, 

and suggested, on the basis of their robust effects, that quail could provide an ideal species 

to use in experiments investigating imitation.

Behavioural concordance detected in two action tests that use pecking and foot movements 

as the target movements (Atkins & Zentall, 1996; Dawson & Foss, 1965; Galef et al., 1986;
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Zentall et al., 1996) need not necessarily be due to imitation. These results could be 

accounted for by the operation of a non-imitative process. Consider, for example, Atkins & 

Zentall's experiment. The exposure to a demonstrator pecking could operate as a releasing 

stimulus for an innate releaser mechanism (IRM) that yields the same, species-typical, 

stereotyped action pattern (contagious behaviour, Thorpe, 1963). Atkins & Zentall accept 

that this could be the case, but argue that, in order to account for their results, one would 

need to posit a complementary IRM for the more arbitrary stepping behaviour. This is not 

the case. A two action test does not demonstrate that observation of both target movements 

influences observers' tendency to execute matching movements. For example, quails' 

apparent tendency to make more stepping than pecking responses after having observed a 

stepping demonstration may have resulted, not from an opportunity to be influenced by 

exposure to a stepping demonstration, but from the absence of an opportunity to be 

influenced by a pecking demonstration. In short, the quails may have had an a priori 

predisposition to make stepping responses, as had been shown to be the case with pigeons 

(Zentall et al., 1996). Similar accounts could be advanced to explain behavioural 

concordance in two action tests in which one of the target movements is a species typical 

response, whether that is pecking in birds (Dawson & Foss, 1965; Galef et al., 1986), or 

tongue protrusion in human infants (e.g., Meltzoff & Moore, 1977; see Anisfield, 1991).

3.2.3. Methods of opening an "Artificial Fruit' employed by 

Chimpanzees

A pair of arbitrary, non-species typical, target movements were employed in an experiment 

using a two action test and chimpanzee subjects (Whiten, Custance, Gomez, Teixidor & 

Bard, 1996). Each of eight chimpanzees was exposed to a series of demonstrations in which 

a human gained access to food contained in a transparent puzzle box (the 'artificial fruit') 

before being given access to the baited artificial fruit. In the demonstrations, the artificial 

fruit was opened by unfastening one of two devices, each of which could be manipulated in 

two distinctive ways. No evidence of imitation was found for one of the devices (a barrel 

latch), while evidence of imitation was reported to have been forthcoming for the other 

device (a pair of bolts). The procedure and findings for the bolts were as follows. Half the
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chimpanzees were able to observe the human demonstrator removing the bolts from their 

clasps by pushing them with an index finger (Group POKE), while the remainder were able 

to see the bolts being pulled out while being turned (Group TWIST). On the first time that 

they managed to gain access to the contents of the artificial fruit, each of the seven 

chimpanzees for which data are reported (presumably, one failed to respond), removed the 

bolt in the same way as had their demonstrator. When the chimpanzees' behaviours were 

analysed using a ratio of the frequency of poke and twist movements, observers from Group 

POKE were found to have made a higher proportion of poke movements than observers from 

Group TWIST.

By using a pair of arbitrary target movements, the demonstrator-consistent responding effect 

reported by Whiten et al. was unlikely to have been the result of contagious behaviour. 

However, as evidence of imitation, the demonstrable behavioural concordance effect for the 

bolts must depend upon the extent that matching behaviour could not be mediated by a non- 

imitative social effect. Tomasello (1996) has claimed that this effect could have arisen as a 

consequence of the chimpanzees attempting to bring about the same changes in the artificial 

fruit that they had observed (emulation). Emulation, he suggests, could have occurred 

because animals from Group POKE could see that the bolts could be pushed through their 

clasps in one direction, while those from Group TWIST could see that the bolt could be 

pulled and twisted through their clasps in the opposite direction. Alternatively, stimulus 

enhancement of the contacted part of the manipulandum might have resulted in behavioural 

concordance because chimpanzees from Groups POKE and TWIST differed in the part of 

the bolt with which the human demonstrator could have been seen to make contact (the flat 

surface at one end, and the curved surface at the other end, respectively).

3.3. Bidirectional Control Tests

Bidirectional control tests, like Whiten et al.'s (1996) two action test, employ a pair of 

arbitrary target movements directed at a single manipulandum. However, the target 

movements differ in a single dimension: the direction in which the manipulandum is moved.
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Figure 2.2: Diagram of the bidirectional control apparatus during a demonstration session, 

illustrating an observer (right) facing its demonstrator (left) which is in the test compartment. 

From "A demonstration of observational learning in rats using a bidirectional control." by 

C.M. Heyes and G.R.Dawson, 1990, Quarterly Journal o f Experimental Psychology, 42B. 

Reprinted with permission of The Experimental Psychology Society.
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3.3.1. Demonstrator-Consistent Responding: Basic Ejfects

Collins (1988) has obtained evidence of demonstrator-consistent responding in mice using 

a bidirectional control. The apparatus used by Collins was comprised of three sections: an 

observation compartment (within which observers were confined), a goal box (containing 

food), and, separating these, a test conpartment into which a demonstrator was placed at the 

start of a demonstration. In order to gain access to food, a demonstrator, moving away from 

watching observers, was required to displace a pendulum door which obscured a hole, the 

only entrance to the goal box. On fifteen occasions during each of two successive days, each 

observer mouse was exposed to a trained, female, conspecific demonstrator passing from the 

test compartment to the goal box in order to consume food. For some groups of observers, 

the demonstrator displaced the pendulum door to the left, and for other groups of observers, 

the demonstrator displaced the pendulum door to the right. When placed in the test 

compartment on the day following their final observational exposure, male, but not female, 

mice tended to open the door to the same side as their demonstrator in order to gain access 

to food.

Heyes & Dawson (1990), using rats as subjects, have also found evidence of demonstrator- 

consistent responding, but carried out their bidirectional control test using a rather different 

apparatus. An illustration of this apparatus, indicating the positions of observer and 

demonstrator rats during a demonstration session, is reproduced as Figure 2.2. During a 

demonstration session in Heyes & Dawson's experiment, a hungry magazine trained observer 

was face to face with a trained demonstrator moving a vertical pole, a joystick, either to the 

left or to the right for food reinforcement, the joystick being free to move only in the plane 

perpendicular to the animals' line of sight. After having received a single demonstration 

session, in which its demonstrator earned 50 reinforcers, each observer was subjected to a 

single test session, in which displacements of the joystick in either direction resulted in food 

delivery, in the compartment previously occupied by its demonstrator. Heyes & Dawson 

reported that rats that had observed their demonstrator pushing to the left went on to make 

a higher proportion of left pushes than those that had observed their demonstrator pushing 

to the right, during this non-differential reinforcement (NDR) test.

69



Subsequent tests with the same animals (Heyes & Dawson, 1990) revealed that observers 

may be influenced by their demonstrators' directional responding even after having been 

trained to push the joystick in one direction. For example, observers that had been trained 

to push the joystick to, say, the left, reached a criterion of 50 reinforced pushes to the right 

{Reversal test) in fewer responses if they had observed a demonstrator pushing the joystick 

to the right (new direction) than if they had observed a demonstrator pushing the joystick to 

the left (old direction). A similar demonstrator-consistent responding effect was found when 

the same rats were further subjected to an extinction test.

Subsequent experiments using similar procedures have attempted to reveal the conditions 

under which this basic effect occurs, and have yielded demonstrator-inconsistent as well as 

demonstrator-consistent responding effects. In some experiments, the outcomes which 

follow each demonstrated response have been manipulated. Heyes, Jaldow & Dawson 

(1994) have found that demonstrator-consistent responding only occurred when observed 

responses were followed by both food and a tone (the latter having been paired with food 

during observers' magazine training), but that these events need not be contiguous with the 

observed responses. In another experiment, observer rats have been found to be less*likely 

to push the joystick in the same direction as their demonstrator if the observed responses 

were not followed by an outcome (Heyes et al., 1993). In a further experiment, the type of 

rearing conditions of observers was manipulated (Reed et al., 1996). While Reed et al. were 

unable to replicate a demonstrator-consistent responding effect for socially reared animals, 

those reared in isolation were found to tend to push the joystick in the opposite direction to 

their demonstrator when both types of animals were subjected to a NDR test.

3.3.2. Rejecting Non-imitative Explanations: Further Experiments

The extent to which the basic effects yielded by a bidirectional control test provide evidence 

of imitation may, like the effects found with another two action test (Whiten et al., 1996), 

rest upon whether a socially mediated effect based upon a stimulus representation could 

account for demonstrator-consistent responding. This problem arises because the target 

movements employed result in different changes in the animals' inanimate world (Zentall et 

al., 1996), as acknowledged by Heyes in a recent review of the results of her experiments: 

"rather than being influenced by the demonstrators' behavior, the observers' bias may have
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been due to what they saw of the joysticks' behaviour" (Heyes, 1996b, p.374, italics present 

in original). While, along similar lines, the basic effect for mice (Collins, 1988) could be 

attributed to observers having been influenced by the direction in which they saw the 

pendulum door move rather than having been influenced by the movements of their 

demonstrator (Heyes & Dawson, 1990), such an account is less applicable to the basic effect 

for rats and other accounts have been explicitly addressed in further experiments (Heyes et 

al., 1992; Heyes, Jaldow, Nokes & Dawson, 1994).

The plausibility of an account for these effects in terms of a socially mediated effect based 

upon a representation of a moving manipulandum is enhanced by the finding that responding 

of a demonstrator-consistent type can occur in a non-social bidirectional control procedure 

in which exposure to a demonstrator does not occur (observational autoshaping; Denny, Clos 

& Bell, 1988, Experiment 7). Before being given access to a joystick, similar to that used 

by Heyes and colleagues, rats were given a number of observational trials in which the 

joystick was moved automatically in both available directions, left and right, and a food 

reinforcer was selectively delivered immediately after joystick movements in one of the 

directions (S4-). This continued until the rats discriminatively approached the food tray after 

S+, indicating that they had become sensitive to the relationship between observed joystick 

motion and the arrival of food. When given access to the joystick, 5 animals, out of the 6 

that were tested, initially pushed the joystick in the S+ direction, and, on average, 81.7 % of 

the rats' first ten joystick movements were in that direction.

When the appearance of the moving manipulandum is considered from the point of view of 

an observer (an egocentric representation), Collins' (1988) effect, unlike that of Heyes & 

Dawson (1990), appears to be susceptible to an observational autoshaping account. In 

Collins' procedure, observers faced the same direction as their demonstrator while the 

pendulum door could be seen to move laterally. Thus, the door being moved to the right 

with respect to a demonstrator's body would appear to be a stimulus moving from left to 

right across both the demonstrator's and observer's visual fields, and, critically, if the door 

were moved in the same direction relative to the observer's body at test, the door would also 

appear to be a stimulus moving from left to right across the observer's visual field. In 

contrast, observer rats tested following Heyes et al.'s procedure are exposed to lateral 

movements of the joystick during their observation session from an orientation that is
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different to that of both their demonstrators and themselves at test. Thus, the joystick being 

moved to the right with respect to a demonstrator's body would appear to be a stimulus 

moving from right to left from the point of view of an observer, but, should it subsequently 

move the joystick in the same direction relative to its body as had its demonstrator, the 

joystick would appear to be a stimulus moving from left to right from its new viewpoint. If 

observational autoshaping of egocentrically represented joystick motion had occurred in 

Heyes & Dawson's rats, they might have been expected to push the joystick in the opposite 

direction, relative to their bodies, to that of their demonstrators.

In spite of this reasoning, the basic effect reported by Heyes & Dawson would be vulnerable 

to an observational autoshaping account if the rats had been able to represent either joystick 

motion in absolute space (an allocentric representation) or the location of the operant 

chamber towards which the joystick was pushed. The change in observers' viewpoint from 

observation to test was believed to weaken an allocentric observational autoshaping account 

(Heyes & Dawson, 1990), because much of the information about features of the 

surroundings of the joystick would not be available during testing. However, Whiten & Ham 

(1992) have suggested that joystick motion could be reliably coded allocentrically despite this 

change in viewpoint, citing evidence that rats are in fact generally rather good at defining 

absolute direction relative to their whole environment (Olton, 1979).

Subsequent work using a bidirectional control procedure has attempted to discount 

allocentric observational autoshaping as a candidate explanation for the basic demonstrator- 

consistent responding effect in rats (Heyes et al., 1992; Heyes, Jaldow, Nokes & Dawson, 

1994). First, Heyes et al (1992, Experiment 1) reported that observer rats showed a bias 

towards responding in the observed direction over their initial three responses. This appears 

to indicate that responding at the beginning of the test session is influenced by the 

observational experience; responding is not initially unbiased, followed by an additional 

secondary reinforcement in the form of (allocentric) "reward-correlated stimuli" for joystick 

pushes in the direction previously demonstrated. However, a tendency for observers to make 

their first response in the direction observed would have constituted more persuasive 

evidence that demonstrator-consistent responding measured after 50 reinforcers did not 

emerge part-way through the test session. Furthermore, effects referred to as observational 

autoshaping need not only gradually emerge through a test session; first response effects have
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been reported (Denny et al., 1988).

Second, the directional responding of rats that had observed conspecific demonstrators 

pushing the joystick manually to the left or to the right for food reinforcement has been 

compared to the responding of further groups of rats for whom automatic movements of a 

joystick to the left or to the right signalled the delivery of inaccessible food (Heyes, Jaldow, 

Nokes & Dawson, 1994). For the manual movement groups, the basic demonstrator- 

consistent responding effect was replicated. By contrast, no evidence for a directional 

preference was found for groups that witnessed a joystick moving automatically either 

without (Experiment 1), or with (Experiment 2), a passive hungry "collector" rat present to 

consume the food that was delivered.

Although the findings of the experiments that have used an automatic joystick appear to 

indicate that observation of a demonstrator manipulating the joystick is necessary for 

demonstrator-consistent responding, they do not indicate that the basic effect is due to 

imitation. Instead, it could be argued that the circumstances in which observers were 

exposed to the automatic movements of a joystick did not create the necessary conditions for 

observational autoshaping to occur. Although the use of passive collectors (Heyes, Jaldow, 

Nokes & Dawson, Experiment 2) probably ensured that the delivery of food was similarly 

salient for observers exposed to automatic movement and manual movement conditions, it 

is doubtful whether the mere presence of a conspecific in the joystick-containing 

compartment could achieve as much increased attention directed to the manipulandum as 

exposure to a rat moving that manipulandum. Demonstrator-consistent responding may have 

only occurred in the manual movement condition because the sight of another rat contacting 

the joystick was needed to make the effects of these movements sufficiently salient (stimulus 

enhancement) for allocentric observational autoshaping to occur.

Fortunately, a third hne of work provides more convincing evidence that allocentric 

observational autoshaping cannot account for demonstrator consistent responding in rats 

tested with a bidirectional control. Observer rats have been found to tend to push the 

joystick in the same direction relative to their bodies as had their demonstrators in a joystick- 

transfer condition in which the joystick was moved between observation and test sessions, 

as well as a standard condition in which the joystick remained in its original position. In the
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Figure 2.3: Plan of the bidirectional control apparatus illustrating the relocation of the 

manipulandum for the joystick-transfer condition. When an observer of a right pushing 

demonstrator (Dem R) also pushed the joystick to its right during a joystick-transfer test 

(Test R), the joystick was caused to move away from the part of the operant chamber to 

which its demonstrator pushed the stick. Adapted from "Imitation in rats: Initial responding 

and transfer evidence." by C.M. Heyes, G.R. Dawson and T. Nokes, 1992, Quarterly Journal 

o f Experimental Psychology, 45B, p. 235, with permission of The Experimental Psychology 

Society.
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joystick-transfer condition, the joystick was moved so that it was free to move in a plane 

perpendicular to the free plane at observation (see Figure 2.3). Behavioural concordance is 

striking for the observers tested under these conditions because the directional preference 

expected if observers were imitating is no longer congruous with that expected had they been 

using allocentric cues. For example, when an observer of right pushing also pushed the 

relocated joystick to its right, the joystick was caused to move away from the location that 

it had been seen to travel towards during its demonstration session. Heyes et al. (1992; 

Heyes, 1993a) have interpreted the results of this experiment as indicating that rats have been 

found to imitate using a bidirectional control procedure.

3.3.3. Remaining Interpretative Problems

Several interpretative problems remain which undermine the conclusion that rats are imitating 

in Heyes and colleagues' bidirectional control procedure.

a) The reliability o f demonstrator-consistent responding effects. Published reports of 

attempts to demonstrate imitation in rats using a bidirectional control procedure have 

provided accounts of a total of nine experiments. Eight of these experiments have yielded 

statistically significant results which suggest that exposure to a demonstration session 

influences observers' directional responding in a manner dependent upon the type of outcome 

which follows each demonstrated response; in seven cases demonstrator-consistent 

responding occurred when the outcome was an appetitive reinforcer (Heyes & Dawson, 

1990; Heyes et al., 1992; Heyes, Jaldow & Dawson, 1994; Heyes, Jaldow, Nokes & Dawson, 

1994), and in one case demonstrator-consistent responding was inhibited when the outcome 

was the omission of an appetitive reinforcer (Heyes et al., 1993). The remaining experiment 

is not consistent with this pattern (Reed et al., 1996). In Reed et al.'s experiment, rats that 

had been reared in isolation were found to respond in the opposite direction to that in which 

their demonstrators had pushed a joystick for food reinforcement.

In fact, the nine published experiments are only a small sample of experiments that have 

applied a bidirectional control test to rats. The first experiment (Heyes & Dawson, 1990) has 

been followed by over 100 further experiments. Many of the unpublished experiments have 

not provided statistically significant effects in either direction. Thus, the question of the
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statistical reliability of the basic effect arises; are demonstrator-consistent responding effects 

in rats tested using the bidirectional control procedure a sampling artefact? One of the 

objectives of the Chapter 5 is to provide an answer to this question.

b) Asymmetric Local Enhancement o f the Joystick. Although the bidirectional control 

procedure "was designed to minimize any effects of local enhancement" (Heyes & Dawson, 

1990, p. 61), such effects have not been ruled out as a putative account for demonstrator- 

consistent responding effects. An observational study of joystick manipulation behaviour has 

revealed that rats tend to deflect a bidirectional joystick using pushing movements in which 

either a forelimb (82% of pushes) or the snout (18% of pushes) is the effector: "The 

prototypical topography consisted of the rat standing facing the pole but slightly to one side, 

and pushing the pole away from the body with the paw adjacent to the pole" (Dickinson et 

al., 1996, p. 301). Therefore, joystick deflections to the left and to the right tend to result 

from rats having made contact with different sides of the joystick. If observers tend to be 

influenced by the side of the joystick that was manipulated by their demonstrator, 

demonstrator-consistent responding might be expected to occur, and the basic effect might 

be attributable to local enhancement.

While a local enhancement account has yet to be put to empirical test, it is possible to argue 

that behavioural concordance in the joystick paradigm is unlikely to have been due to a 

visually mediated local enhancement process. Consider the nature of the visual information 

that is available to an observer during demonstration and test sessions. The viewpoint that 

an observer has of the joystick at test is different from that which it had when observing the 

demonstrator pushing the joystick, by virtue of the positioning of the joystick between the 

two animals during the demonstration session. In order to respond in the same direction as 

its demonstrator by a visually mediated local enhancement process, an observer would, 

therefore, have to represent the side of the joystick which a demonstrator had manipulated 

in a form that is not tied to a specific vantage point. An allocentric representation would 

suffice if the joystick were to remain in the same position, relative to the observers' 

surroundings, for testing (standard conditions), but would no longer be reliable in the 

joystick-transfer condition in which the joystick is moved to a new position (Heyes et al., 

1992).
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Another type of local enhancement process is a more plausible untested alternative 

explanation for the basic bidirectional control effect. Local enhancement effects, as they have 

been traditionally defined, encompass more phenomena than just those resulting from socially 

mediated visual exposure to stimuli or locations. An extensively studied type of local 

enhancement effect is one in which lasting physical products of a demonstrator's behaviour, 

rather than direct observation of its behaviour, results in the increased exposure of a 

conspecific to a specific location or object (e.g., Galef, 1996b; Galef & Kennett, 1987; 

Laland & Plotkin, 1991, 1993). Some form of stable product could be asymmetrically 

deposited onto a joystick during a demonstration session in the bidirectional control 

procedure as a result of the demonstrator pushing the joystick in a single direction. When 

encountering these putative demonstration session products, which might be social odours 

or food deposits, observers could be influenced to make contact with the same side of the 

joystick as had their demonstrator resulting in a demonstrator-consistent responding 

tendency. Because the demonstrators' direction of pushing would be physically marked upon 

the joystick, the direction of pushing would be coded in a viewpoint-free way. Furthermore, 

the influence of these olfactory cues could account for a demonstrator-consistent responding 

bias in the rats serving in the joystick-transfer condition of Heyes et al.'s (1992) experiment 

if the cues were stable enough to remain asymmetrically deposited upon a joystick even after 

relocation of the joystick. This, non-imitative, local-enhancement account of demonstrator- 

consistent responding effects is consistent with evidence that olfaction, rather than vision, 

tends to direct the control of movement in the rat (Schultz & Tapp, 1973; Whishaw & 

Tomie, 1989), and is examined further in Chapter 4.

c) An effect o f exposure to the movements o f the manipulandum? The status of 

demonstrator-consistent responding as a measure of imitation has been questioned because, 

in the bidirectional control procedure, behavioural concordance is identified with types of 

joystick displacement that are recorded automatically without the presence of an investigator 

to observe the movements of the animals (Byrne & Tomasello, 1995). Directional 

concordance was considered by Byrne & Tomasello to be trivial, revealing little about the 

specificity with which observers' movements match those of their demonstrators. Dickinson 

et al.'s (1996) observational study has shown that there is some variability in the topography 

of rats' joystick pushing; while the most commonly used method of moving a joystick is a 

push with a forepaw, some joystick displacements are brought about by rats' snouts.
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Therefore, the use of directionality to define sameness might tend to obscure non

concordance in movements when they are described at a finer level of description. In an 

exchange of views with Byrne and Tomasello on the issue of how matching behaviour should 

be defined, Heyes (1995) has argued that concordance of movements described at the level 

of directionality is sufficient for a demonstration of imitation. The danger with this approach 

is that directionally-consistent responding could be described as an effect of exposure to the 

movements of the manipulandum, rather than the movements of a demonstrator, if a 

mechanism could be postulated which, unlike egocentric or allocentric observational 

autoshaping, could account for demonstrator-consistent responding when the joystick is 

relocated (the Joystick-transfer condition, Heyes et al., 1992).

At least two accounts have recently been proposed for demonstrator-consistent responding 

in the joystick-transfer condition that take this finding to be an effect of exposure to the 

movements of a manipulandum. The following coding process was advanced by Byrne and 

Tomasello:

the joystick itself, and its position relative to a wall (any wall) is used as a 
landmark for orientation. Then...the observer notes the position of the stick 
and how it moves relative to the wire grid wall and then transfers that 
orientation to the joystick in its new position relative to the new wall it is up 
against.

(Byrne & Tomasello, 1995, p. 1419).

Byrne and Tomasello's mechanism is too poorly specified to explain the difference in

behaviour of observers of left and right pushing. As Heyes (1995) noted, joystick movement

was parallel to the nearest wall for observers from both groups. In contrast, Heyes' most

recent interpretation of the findings of the joystick-transfer condition could account for the

difference in directional responding found for observers of left and right pushing

demonstrators, and does so in terms of a sensitivity to the direction of joystick movement

rather than a sensitivity to the pushing movements of a demonstrator:

At minimum, they seem to be using the demonstrator's body, perhaps its 
vertical body axis, as a point of reference defining direction of joystick 
movement, and identifying their own body as being at that reference point on 
test

(Heyes, 1996b, p. 376).

In other words, demonstrator-consistent responding could be explained if observers 

represented the direction of joystick movement, and did so, not in relation to their own 

viewpoint at observation (egocentrically), nor in relation to their surroundings
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(allocentrically), but in relation to the position from which the joystick could be manipulated 

by an agent (agentcentrically).

The foregoing analysis suggests that two conceptually distinct hypotheses remain as putative 

accounts for demonstrator-consistent responding in the bidirectional control procedure, if this 

effect were assumed to be caused by exposure to observable events occurring within a 

demonstration session. According to the imitation hypothesis, the key observed events are 

agentcentric representations of demonstrators' movements. According to the alternative 

hypothesis, the key observed events are agentcentric representations of joystick motion. 

Because the latter possibility might be described as the coding of the affordance of the 

joystick manipulandum, this non-imitative account will, following Tomasello et al. (1987), 

be referred to as the emulation hypothesis.

While these hypotheses can be conceptually distinguished in terms of the content of 

agentcentric representations (body movements vs movements of the joystick), it is less clear 

how they might be ençirically distinguishable within the bidirectional control procedure (see 

Heyes, 1996b). This difficulty in finding differential predictions for the imitation and 

emulation accounts of demonstrator-consistent responding appears to underlie Heyes' 

willingness, in a defence of the bidirectional control procedure as evidence of imitation, to 

propose that the observers were sensitive to the movements of the joystick. Indeed, when 

discussing how imitation should be defined, the empirical accessibility of a psychological 

process identified with imitation was taken to be the primary consideration in the "realist" 

approach advocated by Heyes (see, e.g., Hull, 1984, for a discussion of realist and alternative 

positions in the philosophy of science). One reaction to this problem might be to suggest that 

imitation should be understood to involve a process through which events are represented 

relative to the point of reference of an agent, irrespective of whether the content of these 

representations are movements of the agent or changes in its inanimate world.

Alternatively, if the imitation and emulation hypotheses are, truly, untestable in the 

bidirectional control procedure, the weakness may be with the use of this procedure as a 

research tool rather than with the hypotheses themselves. The reproduction of object 

directed movements and the reproduction of non-object directed movements might be 

mediated by different psychological mechanisms, and this idea is pursued in Chapter 8. If this
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were the case, the emulation hypothesis would be a credible alternative, non-imitative, 

account for demonstrator-consistent responding in the bidirectional control procedure.

4 . D is c u s s io n

4.1. Evidence for Imitation in Animals?

Although refinements have been made to the procedures used to test for imitation, no single 

study was found to provide conclusive evidence for imitation in animals in the literature 

review presented in this chapter. Evidence of imitation was not established by studies in 

which the investigator did not exercise control over the movements presented to observers 

(serendipitous observations, local specific behaviour). Findings from tests that involve the 

manipulation of an object (bidirectional control tests, other two action tests, single action 

tests) were found to be subject to alternative interpretations which were inherent to the 

procedures used. Imitation has not yet been isolated from all other socially mediated effects 

when these procedures have been used. Two studies that have taken an alternative approach 

to the problem of isolating the effects of exposure to an agent's movements from socially 

mediated effects of exposure to the agent's inanimate world, namely the use of target 

movements that do not involve an external manipulandum (Custance et al., 1995; Moore, 

1992), have provided more convincing evidence of imitation. The reported findings of 

neither study were found to be prone to interpretative problems inherent to the numerous 

target action procedures that were employed. The caveats that remained were considered 

to be weaknesses in the execution of these tests, which were minimised by a close inspection 

of the published data. Evidence of imitation appears to have been forthcoming for three 

animals; two chimpanzees (Custance et al., 1995), and a parrot (Moore, 1992).

While accounts of the phylogenetic distribution of imitation either have suggested that great 

apes are alone among mammals in possessing this competence (e.g., Visalberghi & Fragaszy, 

1990; Whiten & Ham, 1992), or have speculated that imitation in great apes and psittacine 

birds are the result of convergent evolution (Moore, 1996), one should not assume, on the 

basis of the conclusions presented above, that only chimpanzees and parrots may have the
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capacity to imitate. Imitation has not been ruled out as the cause of many demonstrator- 

consistent responding effects found for other species, even if non-imitative alternative 

accounts are viable. Furthermore, a test of imitation capable of providing demonstrator- 

consistent responding has rarely been applied to more than one species, and there is little 

consistency in the type of method used across species. Monkeys provide a good example. 

Although suggestive evidence has been found in the form of serendipitous observations (e.g.. 

Ball, 1938), and locale-specific behaviours such as potato washing (e.g., Kawai, 1965), 

monkey subjects have not been subjected to procedures yielding putative imitation effects 

such as: intensive case studies (Custance et al., 1995; Moore, 1992), training to imitate 

(Custance et al., 1995, Miller & Dollard, 1941), or two action tests such as the bidirectional 

control (e.g., Heyes et al., 1992, Whiten et al., 1996). Chapter 7 reports an attempt to 

redress this imbalance. Capuchin monkey subjects were tested using a bidirectional control 

modified from that used by Heyes and Dawson (1990).

4.2. Directional Control Tests compared to other Procedures

The bidirectional control procedure has several features which might make it relatively "well 

suited for the task of analysing, rather than merely demonstrating, [imitation]" (Heyes & 

Dawson, 1990, p. 69), should the outstanding interpretative problems be put to one side. 

When important practical considerations are taken into account, this preparation compares 

favourably with the other currently available tests of imitation in the following respects. 

First, it is the only method, apart from the more clearly flawed simple action tests, in which 

the recording of target movements has been automatised, providing a convenient objective 

method o f classifying concordant and non-concordant movements. Second, bidirectional 

control experiments are relatively quick to carry out, as well as being easy to run; no labour 

intensive treatment of individual animals is involved (c.f., Custance et al., 1995; Moore, 

1992). Third, the use of laboratory species, such as rats or pigeons (e.g., Zentall et al., 

1996), as research subjects is preferable for a research effort that requires more than a single 

experiment. This avoids both the ethical issues associated with the use of great apes (e.g., 

Custance et al., 1995; Whiten et al., 1996; see, e.g., Cavalieri & Singer, 1993), and problems 

in the sustainable availability of naïve observers. Should the interpretative problems that 

remain be resolved, the bidirectional control procedure could potentially provide an 

invaluable non-linguistic model of an imitating system.
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One practical aspect might be lacking in the bidirectional control procedure, hmiting its

usefulness as a tool for the investigation of imitation. This problem was anticipated by the

following comment;

Progress in the study of learning by imitation in animals would obviously be 
greatly facilitated by the identification of an experimental procedure in which 
imitation could be unambiguously and repeatedly demonstrated.

(Galef et al., 1986, p. 191).

The difficulty in repeatedly demonstrating the basic demonstrator-consistent responding 

effect has been described earlier (see Section 3.3.3). This replicability problem suggests that, 

at minimum, the bidirectional control procedure is fairly insensitive as test of imitation. It 

might not be sufficiently sensitive to be of practical use for the analysis of imitation. This 

issue is confronted in Chapter 5. Attempts to make the bidirectional control procedure more 

sensitive are described in the next chapter. Chapter 3, and in Chapter 6.
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CHAPTER

3
The NDR bidirectional control test:

Some parametric manipulations

In Chapter 3, the results of three experiments are reported which address the replicability 

problem introduced in Chapter 2, Section 3.3.3. These experiments were carried out with 

the aim of establishing procedural factors which affect the extent to which observers' 

direction of responding is influenced by observing the responses of a demonstrator. 

Establishing such procedural factors could potentially allow a modified procedure to be 

designed that would detect putative imitation effects more sensitively, and with greater 

replicability across experiments.

The non-differential reinforcement (NDR) test was adopted in these experiments because it 

is the most common experimental procedure employed when a bidirectional control design 

has been used to investigate imitation in rats in both published (Heyes & Dawson, 1990; 

Heyes, Dawson & Nokes, 1992; Heyes, Jaldow & Dawson, 1994; Heyes, Jaldow, Nokes & 

Dawson, 1994; Reed et al, 1996), and unpublished experiments (see Chapter 5 for a 

quantitative review). In a typical NDR test, observer rats are exposed to a demonstrator 

pushing a joystick for food reinforcement in a single direction followed by a test in which 

responses in either direction are reinforced. If observer rats tend to imitate the responses 

made by their demonstrator, those from a group which are exposed to a demonstrator 

reinforced for left responses would be expected to make a greater proportion of left 

responses on test than observers from a group that are able to observe a demonstrator 

reinforced for right responses. Such a group difference in proportion of left responses made 

during a test session is referred to in this chapter, and elsewhere in this thesis, as a 

demonstrator-consistent responding bias. Elsewhere (Chapters 2 and 4), it is argued that a 

demonstrator-consistent responding bias is not necessarily due to imitation.
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A common approach was used in all of the experiments reported in this chapter to investigate 

factors influencing the sensitivity with which a demonstrator-consistent responding bias may 

be detected when a NDR test is used. In each of these experiments, observers were either 

given demonstration and test sessions using the "conventional" procedure, identical to that 

in which observers have been shown to respond proportionately more in the same direction 

as their demonstrator in several published experiments (e.g., Heyes & Dawson, 1990; Heyes, 

Dawson & Nokes, 1992), or were subjected to a procedure in which one or two parameters 

were different. Assuming, first, that demonstrator-consistent responding is the result of 

response learning by observation, the parameters that were manipulated were chosen through 

a consideration of existing findings of research on visually mediated social learning, and 

hypotheses that might procure support from the literature on asocial response learning.

E x p e r im e n t  1: M a g a z in e  t r a in in g  a n d  t o n e s  

ACCOMPANYING FOOD DELIVERY

The two parameters manipulated in Experiment 1, were the amount of magazine training 

given to observers in preparation for their demonstration and test sessions, and the presence 

of a tone during food pellet delivery. In the conventional procedure, observer rats are 

magazine trained in each of 4 daily sessions. Also, throughout magazine training, 

demonstration, and test sessions, all occurrences of a food pellet delivery are accompanied 

by a tone. Two of the eight groups of observers in Experiment 1 were subjected to this 

conventional procedure, one being exposed to a left pushing demonstrator and the other a 

right pushing demonstrator.

Extended magazine training might reduce the strength of imitative learning in the NDR 

procedure. During magazine training, food is delivered to the magazine tray independent of 

responses made by the observer. There is some evidence for both pigeons (Welker, 1976) 

and rats (Oakes, Rosenblum and Fox, 1982) that noncontingent delivery of food can retard 

subsequent instrumental conditioning for food reinforcement. If prior experience of non

contingent arrival of food also inhibits learning that an observed response leads to the arrival 

of food, then a larger demonstrator-consistent responding bias might be expected to occur
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in groups o f observers prepared with fewer magazine training sessions than is the case in the 

conventional procedure.

Similarly, presentation of a tone during each food pellet delivery, which occurs throughout 

the conventional procedure, may not provide the optimal conditions for imitative learning. 

The pairing of tones and food during observers' magazine training might be expected to 

disrupt their formation of an association between an observed response and food during a 

demonstration session because, throughout observers' experience, tones have had a perfectly 

predictive relationship with food delivery (c.f., Williams, Preston & de Kervor, 1990). 

However, it could also be argued that conventional magazine training might be expected to 

result in tones acquiring secondary reinforcing properties that might facilitate demonstrator- 

consistent responding. The effects of tone presentation during demonstration sessions for 

conventionally prepared observers has already been investigated in experiment that employed 

a NDR test (Heyes, Jaldow & Dawson, 1994, Experiment 1 and 2). In these experiments, 

observers magazine trained with a tone presented during the delivery of each food pellet were 

found to respond in the same direction as their demonstrator if their demonstrator's responses 

were followed by simultaneous presentation of tone and food, but not if they were followed 

by food alone, tone alone, or neither of these events. These findings suggest that tones may 

not acquire sufficient secondary reinforcing properties through conventional magazine 

training to result in a demonstrator-consistent responding effect. Although the same findings 

also suggest that food alone is not sufficient for demonstrator-consistent responding, this 

interpretation may not extend to observers magazine trained without tones. If tone 

presentation during demonstration sessions disrupts imitation, then a larger demonstrator- 

consistent responding effect might be expected to occur in groups of observers for which 

tones never accompany food delivery than groups trained and tested in the conventional 

manner.

All observers were tested the joystick-transfer test (Heyes, Dawson & Nokes, 1992) because 

it was thought to have the potential to yield a larger demonstrator-consistent responding 

effect than a standard test by reducing any influence of observational autoshaping, a non- 

imitative social learning process. During a demonstration session in either the joystick- 

transfer or standard procedures, observers have an opportunity to form a representation of 

the joystick moving, as it crosses the animal's visual field in one direction. Observational
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autoshaping would be considered to have occurred if, during the test session, observers 

tended to reproduce the same direction in which the joystick travelled across its visual field 

(Denny et al, 1988; see Chapter 2, Section 3.3.2.). In the bidirectional control procedure, 

observational autoshaping would be expected to result in a tendency to respond in the 

opposite direction to that demonstrated. It is possible that observational autoshaping does 

occur in the bidirectional control procedure, but that its influence is overcome by a stronger 

influence to respond in the demonstrator-consistent direction due to imitation or some other 

process. A Joystick-transfer test is likely to reduce any demonstrator-inconsistent bias due 

to observational autoshaping because, unlike a standard test, a joystick-transfer test involves 

moving the joystick to a new location between the demonstration and test sessions. The 

context in which the joystick may be seen by a rat encountering it in a new location (side 

panel) would be less like its appearance during the demonstration session (wire mesh in front 

of stick and open compartment behind it) than if it was encountered in the original location 

(wire mesh and open compartment behind it).

Method

Subjects

A total of 48 male hooded Lister rats, obtained from Harlan Olac Ltd. (Bicester, Oxon.), 

were approximately 5 months old when they served as subjects. Of these, 16 had served as 

observers in an earlier study, and were assigned to the role of demonstrators in the present 

experiment. The other 32 were experimentally naïve, and served as observers. Throughout 

the duration of the experiment they were housed in groups of four (all demonstrators, or 

observers from the same cell of the design) in moulded plastic and metal hanging cages (54 

X 32 X 21 cm). All animals had free access to water, and were maintained at 90% of their 

free-feeding body weights.

Apparatus

The animals were trained and tested in four similar operant chambers which were those that 

had previously been used by Heyes and collègues (e.g., Heyes et al., 1992), and illustrated
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Figure 3.1: Diagram of the apparatus during a demonstration session, illustrating an 

observer (right) facing its demonstrator (left) which is in the test compartment. The 

magazine tray is located in the centre of the front panel of the test compartment. Adapted 

from "A demonstration of observational learning in rats using a bidirectional control." by 

C.M. Heyes and G.R.Dawson, 1990, Quarterly Journal o f Experimental Psychology, 42B. 

Adapted with permission of The Experimental Psychology Society.
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in Figure 3.1. For each chamber, the front panel (where the magazine tray is located), 

ceiling, and side panels were constructed from sheet metal, painted matt black; the back panel 

was made from clear Perspex; and the floor was constructed from a bare metal grid. Along 

with the food dispensing assembly, each chamber was situated in a sound-attenuated wooden 

housing.

Each chamber was divided into two, approximately equally sized, compartments, a test 

compartment and an observation compartment, by a wire mesh partition. In the test 

compartment, which was the front half of the chamber, a joystick was suspended 4cm in front 

of the partition, approximately equidistant from the side panels. This distance was chosen 

for two reasons. It was small enough to prevent a rat (demonstrator, or observer at test) 

from being able to cause the joystick to move while positioned between the partition and the 

joystick. This ensured that during a demonstration session the two animals were facing each 

other, and the observer's viewpoint was substantially different from that which would be 

available on test. The joystick was also far enough from the partition to prevent an observer 

rat from reaching it through the partition during observation.

Each joystick was constructed from an aluminium alloy rod, diameter 0.6cm, suspended from 

a low torque potentiometer which acted as a pivot above the roof of the chamber. The rod 

extended down to 2.5cm above the chamber's floor. Upon displacement, the joystick was 

assisted to a vertical equilibrium state through the downward acting force of a brass weight 

acting on two lever arms above the pivot. The lower end of the joystick was free to move 

only in the plane parallel to the partition. Displacements within this plane were recorded by 

the change in the voltage output by the potentiometer, through which a constant electrical 

potential was continually applied. This method of recording displacement permitted variation 

of the criterion distance required for a response to be registered. While demonstrators had 

to move the free end by at least 7.5cm to record a response, 4cm was sufficient for observers.

A food tray was located in the test compartment of each operant chamber centred at the same 

distance from the side panels as the joystick was mounted. This was at the floor level of the 

front panel (behind the back of a rat moving the joystick). It could be internally illuminated 

by a 24 V, 2.8 W bulb. Food tray entries could be measured by a break in a light beam, 

detected by a photocell located at the entrance of the food tray. During each session, each
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operant chamber was illuminated by a jewelled houselight (24V, 2.8W) located in the ceiling 

of the test compartment, 9cm from the joystick. Whenever a subject displaced the joystick 

far enough to record a response, and it was designated to be reinforced by the schedule in 

operation, a 45mg Noyes food pellet was delivered to the food tray, and, where appropriate, 

a tone of 1000 Hz, 90 dB, and 0.2 sec duration was sounded from a loudspeaker located in 

the ceiling of the observation compartment.

The operations of the chamber were recorded (in the case of joystick responses, and tray 

entries), and controlled by a BBC BASIC program supported by a BBC Master computer 

augmented with Spider on-line control language (Paul Fray Ltd.).

Procedure

Each session began with the introduction of an animal to the test compartment, and ended 

(unless otherwise stated) when the 50th food pellet had been collected. The houselight was 

illuminated throughout each session. In contrast with the convention of earlier studies (e.g., 

Heyes & Dawson, 1990), responses were scored in terms of the direction that the joystick 

was moved relative to the animal moving the joystick. This resulted in, for example, right 

movements, which Heyes & Dawson would refer to as "left" movements, moving to the left 

across an observer's visual field. This method of coding the direction in which a 

manipulandum moves is used throughout this thesis^

Three factors, each with two levels, were factorially manipulated between subjects. The 4 

observers living in each of eight housing cages were randomly assigned, as a squad, to one 

of the resulting eight groups.

Demonstrator Training. Equal numbers {n = 8) of the demonstrators were trained, by 

conventional methods, to respond discriminatively either to the left or to the right.

 ̂Heyes & Dawson's scheme, in which movements are coded from the point of view of 
an observer, would be misleading if applied to the Experiments reported in Chapter 7. 
In those experiments, the same movement would be coded as "left" when observers 
watched demonstrations from one viewpoint, but "right" when they watched from 
another viewpoint.

89



Observer training. AU observers received 4 daily sessions of approximately 30 minutes 

duration in which they were confined in the test compartment with the houselight on and the 

joystick removed. This ensured that on the day of testing they would have had an equal 

opportunity to become familiar with the testing context, irrespective of the number of 

magazine training sessions they had received. Half the observers, those assigned to groups 

in which the first coding term was "4" (Groups 4T-L, 4T-R, 4T+L and 4T+R), received 

magazine training in each of these 4 sessions. The remaining observers, those assigned to 

groups in which the first coding term was "2" (Groups 2T-L, 2T-R, 2T+L and 2T+R), 

received magazine training during the final 2 sessions only.

In each magazine training session, 30 food pellets were delivered on a Random Time 60 sec 

schedule. For those observers assigned to groups in which the middle coding term was "T+" 

(Groups 2T+L, 2T+R, 4T+L and 4T+R) a tone was presented of the same type as those 

which would later accompany reinforced joystick responses (observed and made by these 

animals only) at the same time as each pellet was delivered during magazine training. Tones 

were absent during magazine training for observers assigned to groups in which the middle 

coding term was "T-" (Groups 2T-L, 2T-R, 4T-L and 4T-R).

Demonstration and Testing. Before being given access to the joystick for the first time, each 

observer was present in the observation compartment for a "demonstration session" in which 

a demonstrator pushed the joystick and earned 50 reinforcements, with movements in only 

one direction being reinforced. At the end of each demonstration session, the demonstrator 

was removed and the joystick was relocated at a new position 4cm in front of a side panel 

o f the test compartment. Observers were then immediately moved from the observation 

compartment to the test compartment of their operant chamber. At this moment the test 

session had begun, and responses in either direction were reinforced. Reinforced responses 

(made by observers during testing and by observed demonstrators) were accompanied by 

tones only for those observers that had been presented with tones during magazine training 

(Groups 2T+L, 2T+R, 4T+L and 4T+R).

Observers assigned to groups in which the final coding term was "L" (Groups 2T-L, 4T-L, 

2T+L and 4T+L) were exposed to one of the demonstrators that had been trained to push 

the joystick to the left complete a demonstration session in which left responses were
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Figure 3.2: Mean discrimination ratios (responses to the left / responses to the left + 

responses to the right) for all groups from Experiment 1. "2", 2 sessions of magazine 

training; "4", 4 sessions of magazine training; "T-", tone absent during food delivery; "T+", 

tone present during food delivery. Error bars represent SEM.

■ L (Left) 
□ R (Right)

Î2 0 .2  —
Q
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91



reinforced. The reniaining observers, those assigned to groups in which the final coding term 

was "R" (Groups 2T-R, 4T-R, 2T+R and 4T+R), were exposed to a session in which a 

demonstrator made reinforced responses to the right.

Results and Discussion

Two o f the observers were excluded due to an equipment failure during testing. All the 

others made 50 reinforced responses within 40 minutes of testing. The excluded animals had 

been assigned to Groups 4T+L and 4T+R. In all but 9 of the demonstration sessions to 

which the remaining 30 observers had been exposed, the demonstrators showed perfect 

discrimination. Seven of the 9 non-perfect demonstration sessions occurred when the 

demonstrator was performing to observers from the T- groups, under conditions in which 

tones did not accompany reinforced responses. While the pattern of demonstrator errors 

might suggest a confound between the manipulation of the presence of tones during observed 

reinforced responses and the proportion of observed responses that were reinforced, the 

influence of such a confound is likely to have been minimal. No statistical evidence was 

found for a relationship between the frequency of non-perfect demonstration sessions and the 

presence of tone condition under which the demonstrators were serving ( %̂ = 1.84, I d f , N  

= 30, .10 < p  < .20). Furthermore, of the 9 sessions in which demonstrator errors had 

occurred, only a small number of incorrect responses per session were observed by animals 

from the T- groups (M = 2.3, range = 1 - 4, n = 7), which was no more than the number for 

the animals from the T+ groups (M = 3.5, range = 1 - 4, n = 2).

Figure 3.2 displays the group-mean discrimination ratio for each group. Discrimination ratios 

were computed by dividing the number of left responses by the total number of responses 

made in the test session. These data appear to indicate a lack of an effect of observed 

direction under the normal conditions of 4 sessions of magazine training with tones 

accompanying each reinforcer, and under any other combination of quantity of magazine 

training and presence of tone factors. This impression was supported when the data were 

subjected to a three factor analysis of variance (ANOVA) of demonstrator direction x 

quantity of magazine training x presence of tone. This revealed that the only statistically 

significant main effect was that of quantity of magazine training, F(l,22) = 8.41, p  = .008. 

For both demonstrator direction and presence of tone factors, F<1. None of the interactions
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were statistically significant.

The main effect of quantity of magazine training indicates that observers having had 4 

sessions of magazine training (M = 0.67) were more likely to push the joystick to their left 

than those observers provided with 2 sessions of magazine training (M = 0.44). It is possible 

that the way that rats explore an operant chamber is affected by the extent of their magazine 

training experience. As a result of the relocation of the joystick, left responses in the test 

phase of this experiment resulted in the joystick moving towards the front panel of the 

operant chamber, that which houses the magazine tray. A relatively strong left responding 

bias for rats with more magazine training might be due to them making more forceful chance 

contacts with the joystick when approaching the magazine tray, than when travelling away 

from it.

The absence of either a main effect of demonstrator direction or an interaction involving this 

factor indicates that a demonstrator-consistent responding bias was not detected in this 

experiment. This is in contrast to reports of a demonstrator-consistent responding bias in an 

earlier experiment using a joystick-transfer test (Heyes et al., 1992, Experiment 2), and other 

experiments in which the joystick is not moved between demonstration and test session (e.g., 

Heyes & Dawson, 1990). The present results are, however, congruent with many 

unpublished experiments that have failed to detect a demonstrator-consistent responding bias.

The results of Experiment 1 allow no progress to be made in establishing a procedure capable 

of detecting a demonstrator-consistent responding bias more sensitively. The lack of such 

an effect in this experiment provided no indication that a joystick-transfer test may be more 

sensitive than the standard test in which the joystick is not moved, while the left responding 

bias found in animals exposed to 4 sessions of magazine training provided a warning that, 

when a joystick-transfer test is employed, the asymmetry of the surroundings to the joystick 

may result in an overall directional bias that may mask any effects of observed direction. 

Neither of the manipulations designed to moderate the magnitude of an effect of observed 

direction (quantity of magazine training and presence of a signal for reinforcer delivery), were 

found to influence an effect of the direction observed upon observers' direction of 

responding. Although this may have been a consequence of the conditions in which this 

experiment was run (use of a joystick-transfer test, or other unknown factors) not having
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facilitated detection of an effect of observed direction, no evidence was found to suggest that 

a demonstrator-consistent responding bias would be more likely in any future experiments 

employing a procedure modified by removing the tone or altering the amount o f magazine 

training.

E x p e r i m e n t  2 : D e m o n s t r a t o r  P r o f ic ie n c y  I

In Experiment 2, and the other experiments in this thesis employing a bidirectional control 

procedure, the standard test was used. Compared to the joystick-transfer test, the standard 

test involves a shorter delay between the end of a demonstration session and introduction of 

an observer into the test chamber, and is potentially less disturbing to them because they do 

not need to be exposed to the joystick being relocated. The standard test has the further 

advantage that it has been more widely employed in other bidirectional control experiments 

than the joystick-transfer test. Results from the experiments reported here contribute to a 

large corpus of findings using a similar methodology which may be combined and contrasted 

(see Chapter 5).

Experim ent 2 investigated the possibility that the accuracy with which demonstrators 

differentially respond in the reinforced direction may play a role in the magnitude of a 

demonstrator-consistent responding bias. This factor was suggested by the findings of 

experiments reported by Biederman and colleagues on the social learning of a visual 

discrimination problem using pigeons as subjects (Vanayan, Robertson & Biederman, 1985; 

Biederman & Vanayan, 1988). They found that observers exposed, over a number of 

sessions, to a partially trained, non-proficient, demonstrator showed more accurate 

performance than observers exposed to a proficient demonstrator trained to a high criterion 

when trained on a successive (Vanayan et al., 1985) or a simultaneous (Biederman & 

Vanayan, 1988) discrimination task. It is unclear what the mechanism underlying this effect 

might be. The non-proficient demonstrators made more unreinforced incorrect responses 

than the proficient demonstrators, but they also differed from the proficient demonstrators 

in that their performance improved across the demonstration sessions. Either exposure to 

an irrproving animal, or being additionally provided with an opportunity to learn either a non
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target stimulus - no event association (Biederman & Vanayan, 1988) or a non-target - 

negative event (timeout) association (Vanayan et al., 1985) might have contributed to a 

facilitation in observers' discrimination performance.

The research by Biederman et al. suggested that, when tested using the bidirectional control 

procedure, exposure to a non-proficient demonstrator might increase observer rats' tendency 

to respond in the same direction as that reinforced during their demonstration session. In 

Experiment 2, rats were either subjected to conventional conditions (exposed to a trained 

demonstrator being reinforced for responses made in the trained direction, making just a few 

unreinforced responses in the untrained direction), or were exposed to an untrained 

demonstrator that made a relatively high rate of unreinforced incorrect responses and whose 

reinforcement rate increased in the course of the demonstration session. If observing a non

proficient demonstrator facilitated observers' tendency to make the same response that their 

demonstrator had been reinforced for making, then a larger demonstrator-consistent 

directional bias effect would be expected to occur for observers exposed to a non-proficient 

demonstrator than that for the groups exposed to a proficient demonstrator.

Method

The method was identical to that used in Experiment 1, except in the following respects. 

Subjects

The subjects were 48 male hooded Lister rats, obtained from the same supplier, maintained 

under the same conditions, and of approximately the same age as those from Experiment 1. 

Of these, 16 had been trained to be, and performed as, demonstrators in an earlier experiment 

and served as proficient demonstrators. The other 32 were experimentally naïve and served 

as observers. Half of the observers also served, after their test session, as non-proficient 

demonstrators for the remaining observers.
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Procedure

Observer training. All observers received four daily sessions of magazine training. For all 

observers, tones were presented as each pellet was delivered.

Demonstration and Testing. All reinforced responses made by demonstrators and observers 

were accompanied by a tone of the same characteristics as that which was presented during 

magazine training.

Two factors, each with two levels, were factorially manipulated between subjects. Two 

squads of 4 observers living in the same housing cage were randomly assigned to each of the 

resulting four groups {n = 8). The experiment was run in two parts. In the first part, each 

animal in Groups FROF-L and PROF-R were exposed to a demonstration session in which 

a proficient, trained demonstrator was reinforced for only left responses and right responses, 

respectively. The proficient demonstrators were expected to make few unreinforced 

responses in the incorrect direction because the direction of reinforcement during the 

demonstration session was consistent with that reinforced during training.

In the second part of the experiment, observer rats assigned to Groups NONPROF-L and 

NONPROF-R were visually exposed to the differential reinforcement of left and right 

responses respectively. These responses were made by non-proficient demonstrators which 

had already served as observers in the first part of the experiment. The observers from 

Groups PROF-L and PROF-R were selected to become non-proficient demonstrators if they 

had made 50 reinforced responses when tested. The non-proficient demonstrators were 

assigned, where possible, to demonstrate for observers from Groups NONPROF-L and 

NONPROF-R against the directional bias that each animal had established in its test session. 

This was intended to ensure that observers of non-proficient demonstrators would observe 

responses in both directions, and that these responses would include more nonreinforced 

responses than had been witnessed by observers of proficient demonstrators. In order to 

compensate for any shortfall in the number of available non-proficient demonstrators caused 

by observers of proficient demonstrators failing to complete their test session, some non- 

proficient demonstrators performed twice. So that these demonstrators would continue to 

be likely to make unreinforced responses, the direction of reinforcement was reversed for
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Table 3.1: Summary of demonstration sessions for each group from Experiment 2.

Group n

Errors Duration (min) Tray entries

Mdn range Mdn range Mdn range

PROF-L 6 0 0-2 7.6 6.0-8.8 74 63-79

PROF-R 7 0 0-1 7.6 6.3-8.9 74 60-97

NONPROF-L 6 7 0-26 11.2 10.9-12.6 107 103-113

NONPROF-R 5 32 5-44 15.9 13.1-27.0 155 126-283

Note. "PROF", proficient demonstrators (provided with differential reinforcement 
training in the same direction as that reinforced during the demonstration session); 
"NONPROF", non proficient demonstrators (previously exposed to the joystick in only 
one session in which responses in both directions were reinforced); "L", differential 
reinforcement of left responses; "R", differential reinforcement of right responses. *

Table 3.2: Distribution of errors made by the non-proficient demonstrators in Experiment 
2 .

Reinforcer Block

Errors 1 - 10 1 1 -2 0 2 1 - 3 0 3 1 - 4 0 4 1 - 5 0

Mdn 10 0.5 1 0 0
Range 0 - 3 9 0 - 6 0 - 4 0 - 3 0 - 6

Note. Data are for 8 non-proficient demonstrators serving for observers from Groups 
NONPROF-L and NONPROF-R combined. Within session data was not recorded for 3 
animals seen by subjects from Group NONPROF-L.
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their second demonstration session.

Results

One of the trained demonstrators failed to make 50 reinforced responses in a demonstration 

session to an observer from group PROF-L, as did four naïve demonstrators (2 for group 

NONPROF-L, and 2 for group NONPROF-R). The 5 subjects that had been observing these 

demonstrators were not tested. Of the remaining 27 observers, a further 3 (one from each 

of Groups PROF-L, PROF-R, and NONPROF-R) failed to make 50 reinforced responses 

during 40 minutes of testing and were therefore also excluded from the analysis. Thus, for 

the purposes of the analysis that follows, the group sizes were reduced to: Group PROF-L 

= 6, Group PROF-R = 7, Group NONPROF-L = 6, Group NONPROF-R = 5.

Demonstrator performance

A summary of demonstrator performance is presented in Tables 3.1 and 3.2. Table 3.1 

presents a summary of three measures taken over the entire demonstration session for each 

group. As was hoped, the non-proficient demonstrators made more errors (responses in the 

opposite direction to that reinforced during the demonstration session) than proficient 

demonstrators, Mann Whitney, U=9 ,  (ns = 13, 11), p < 0.001. However, observers from 

groups exposed to a non-proficient demonstrator (Groups NONPROF-L & NONPROF-R) 

were also present during a longer demonstration session, in which a demonstrator made more 

tray entries, than observers from groups exposed to a proficient demonstrator (Groups 

PROF-L & PROF-R; distributions do not overlap in both cases).

Table 3.2 presents a summary of the distribution of the errors made by non-proficient 

demonstrators during demonstration sessions to observers from Groups NONPROF-L & 

NONPROF-R combined. The data for the proficient demonstrators, and for the non

proficient demonstrators observed by the first three successful animals from GROUP 

NONPROF-L, were not recorded. The data presented in Table 3.2 indicates that a large 

proportion of errors made during these demonstration sessions were at the beginning of the 

session, and before the 10th reinforcer had been delivered. The demonstrators' performance
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Figure 3.3: Mean discrimination ratios (responses to the left / responses to the left + 

responses to the right) for all groups from Experiment 2. "P ro f, Proficient demonstrator 

(provided with differential reinforcement training in the same direction as that reinforced 

during the demonstration session); "Nonprof, non proficient demonstrators (previously 

exposed to the joystick in only one session in which reponses in both directions were 

reinforced). Error bars represent SEM.
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improved from poor to proficient, as was the case in the earlier experiments using non 

proficient demonstrators reported by Biederman and collègues (Biederman & Vanayan, 1988; 

Vanayan et al., 1985), but the improvement was much more rapid than that in those earlier 

experiments.

Observer Performance

Figure 3.3 presents the group-mean discrimination ratio for each group. Discrimination 

ratios were computed by dividing the number of left responses by the total number of 

responses made in the test session. These data appear to indicate an effect of observed 

direction for observers of proficient demonstrators (Groups PROF-L and PROF-R), but not 

for observers of non-proficient demonstrators (Groups NONPROF-L and NONPROF-R). 

These impressions were tested when the data were subjected to a two factor ANOVA of 

observed reinforced direction x demonstrator proficiency. This revealed a statistically 

significant main effect of observed reinforced direction, F(l,20) = 4.94, p  = .038, but not of 

demonstrator proficiency, F  < 1. The interaction between these factors approached statistical 

significance, F(l,20) = 3.75, p  = .067, suggesting that the effect of observed reinforced 

direction may have been influenced by the proficiency of the demonstrators to which the 

observers were exposed. When this possible interaction was investigated further using simple 

effects, observers of left reinforced demonstrators were found to have made proportionately 

more left responses than observers of right reinforced demonstrators if their demonstrators 

were proficient (Groups PROF-L and PROF-R), F(l,20) = 9.47, p  = .006, but not if the 

demonstrators were non-proficient (Groups NONPROF-L and NONPROF-R), F  < 1.

Discussion

These results fail to extend to an instrumental task the finding that social learning of a visual 

discrimination may be enhanced through the opportunity to observe a non-proficient 

demonstrator (Vanayan et al, 1985; Biederman & Vanayan, 1988). Rats that had observed 

non-proficient demonstrators receiving reinforcement for responses made to the left were not 

found to make proportionately more left responses than those that had observed non

proficient demonstrators receiving reinforcement for responses made to the right. The non
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proficient demonstrators made more responses in the non reinforced direction than proficient 

demonstrators, and their accuracy tended to improve during the demonstration sessions. In 

contrast, rats that had observed a proficient demonstrator making few, if any, incorrect 

nonreinforced responses tended to respond in the same direction as had their demonstrators, 

replicating the finding first reported by Heyes & Dawson (1990).

These findings might suggest that a more sensitive bidirectional test is unlikely to result from 

changing demonstration sessions so that they include additional unreinforced incorrect 

responses and improving discrimination. However, a consideration of the nature of the 

demonstrators' performance in this experiment limits the confidence with which this 

conclusion can be drawn. Non proficient demonstrators did not differ from proficient 

demonstrators exclusively in terms of the number of errors made and the distribution of these 

errors over the demonstration session. They also took longer to complete their 

demonstration session, and made more tray entries during this session, than their trained 

counterparts. Their responses might also have differed qualitatively from that of the 

proficient demonstrators, for example, in movement topography. Influences of 

demonstration session duration, number of tray entries made by demonstrators or movement 

topography on a demonstrator-consistent responding bias in the bidirectional control 

procedure have not been systematically investigated. However, it is possible that any of these 

factors could have resulted in an attenuation of this bias which might have masked any 

facUitative effects of observing unreinforced incorrect responses or improving demonstrator 

performance in the observers of non-proficient observers.

E x p e r im e n t  3: D e m o n s t r a t o r  P r o f ic ie n c y  II

Experiment 3 was designed as a further test of the hypothesis that exposure to demonstrators 

making additional nonreinforced responses in the opposite direction to that reinforced would 

facilitate demonstrator-consistent responding. Specifically, this experiment addressed the 

failure to find any greater tendency to respond in the demonstrator-consistent direction, or 

even a reliable demonstrator-consistent responding bias, in the observers exposed to a non 

proficient demonstrator in Experiment 2, which may have been due to putative qualitative.
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or measured quantitative, differences in the demonstration session behaviour of proficient and 

non-proficient demonstrators other than the number of errors.

A different method of inducing errors in demonstrator performance was employed in 

Experiment 3 which was expected to be less likely to confound the number of errors made 

with other performance variables. All demonstrators in Experiment 3 were pretrained for an 

equal number of training sessions. Half the observers were subjected to a conventional 

procedure in which they were exposed to a demonstrator that had been trained to respond 

in one direction being reinforced for responses made in the same direction as that which was 

trained. These observers were expected to be able to observe few, if any, errors. The 

remaining observers were exposed to a session in which a demonstrator that had been trained 

to push the joystick in both directions was reinforced for responses in just one direction. 

These observers were expected to be able to observe their demonstrator continue to respond 

in both directions, making more responses in the untrained direction than the demonstrators 

trained to respond in a single direction. If observing either improving demonstrator 

performance, or unreinforced incorrect responses per se facilitated observers' tendency to 

make the same response as their demonstrator had been reinforced for making, then a larger 

demonstrator-consistent responding effect would have been expected to occur for observers 

exposed to a demonstrator trained to push the joystick in both directions than for those 

exposed to a demonstrator trained to push the joystick in a single direction.

Method

The method was identical to that used in Experiment 2, except in the following respects. 

Subjects

The subjects were 48 experimentally naïve male hooded Lister rats, approximately 4 months 

of age, and obtained from the same supplier and maintained under the same conditions as 

those from Experiment 1. Of these, 16 were randomly assigned to the role of demonstrators, 

while the rest served as observers.
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Procedure

Demonstrator training. All demonstrators received 15 daily training sessions, each of which 

terminated when 50 reinforcers had been delivered. Each demonstrator was randomly 

assigned to be trained under one of three conditions. Half the demonstrators {n = 8) were 

trained to respond in both directions, finishing their training on a concurrent Variable Interval 

(VIVI) 30 sec schedule. The remaining demonstrators were trained to respond in a single 

direction, finishing their training on a Variable Interval (VI) 30 sec schedule, half {n = 4) 

being reinforced for left responses and half (« = 4) being reinforced for right responses. The 

variable interval for all demonstrators was gradually increased across training sessions. For 

the final 10 training sessions, the variable interval was 30 sec for all demonstrators.

Demonstration and Testing. Two factors, each with two levels, were factorially manipulated 

between subjects. Two squads of 4 observers living in the same housing cage {n = 8) were 

randomly assigned to each of the resulting four groups. Each demonstrator served in two 

demonstration sessions to different observers.

Each observer in Groups PROF-L and PROF-R was exposed to a demonstration session in 

which a demonstrator that had been trained to respond in one direction was reinforced for 

only left responses and right responses, respectively. Because the direction of responses for 

which these demonstrators were reinforced during the demonstration session was consistent 

with the direction reinforced during training, observers in Groups PROF-L and PROF-R were 

expected to observe few errors (unreinforced responses made by their demonstrator in the 

incorrect direction).

Observer rats assigned to Groups NONPROF-L and NONPROF-R were exposed to a 

demonstration session in which a demonstrator that had been trained to respond in both 

directions received differential reinforcement of left and right responses respectively. For the 

first time that they served as demonstrators, half of the demonstrators that were trained to 

respond in both directions demonstrated for Group NONPROF-L, while the remainder were 

demonstrators for Group NONPROF-R. The direction of reinforcement was reversed for 

the second occasion on which they demonstrated (so that the demonstrators would continue 

to be likely to make errors). Thus, half of the observers from Group NONPROF-L were
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Table 3.3: Summary of demonstration sessions for each group from Experiment 3.

Group n

Errors Duration (min) Tray entries

Mdn range Mdn range Mdn range

PROF-L 8 0.5 0-3 6.0 3.9-9.1 68 57-97

PROF-R 5 0 0 6.4 3.8-10.9 66 60-112

NONPROF-L 7 9 0-34 6.5 4.7-8.5 72 58-103

NONPROF-R 7 9 2-31 7.3 3.6-9.0 95 54-153

Note. "PROF", proficient demonstrators (trained to respond in one direction); 
"NONPROF", non proficient demonstrators (trained to respond in both directions); "L", 
differential reinforcement of left responses; "R", differential reinforcement of right 
responses.
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exposed to a demonstrator that had earlier served for Group NONPROF-R, while half of the 

observers from Group NONPROF-R were exposed to a demonstrator that had earlier served 

for Group NONPROF-L. Observers of demonstrators trained to respond in both directions 

(Groups NONPROF-L and NONPROF-R) were expected to be able to observe more errors 

than those which observed a demonstrator which had been trained to respond in a single 

direction (Groups PROF-L and PROF-R).

Results and Discussion

In 3 demonstration sessions, demonstrators failed to make 50 reinforced responses in a 

session (2 for Group PROF-R, and 1 for Group NONPROF-R). The 3 observers that had 

been exposed to these demonstrators were not tested. Of the remaining 29 observers, a 

further 2 failed to make 50 reinforced responses during 40 minutes of testing (one from each 

of Groups PROF-R and NONPROF-L), and were therefore excluded from the analysis. 

Thus, for the purposes of the analysis that follows, the group sizes were reduced to: Group 

PROF-L = 8, Group PROF-R = 5, Group NONPROF-L = 7, Group NONPROF-R = 7.

Demonstrator performance

Table 3.3 presents a summary of three measures (number of errors, session duration, number 

of tray entries) taken over the entire demonstration session for each group. These are the 

same three demonstration session measures that are presented in Table 3.1 for data from 

Experiment 2. As expected, the demonstrators trained to respond in two directions (for 

Groups NONPROF-L and NONPROF-R) made more errors (responses in the opposite 

direction to that reinforced during the demonstration session) than demonstrators trained to 

respond in a single direction (for Groups PROF-L and PROF-R; Mann Whitney, U = 14.5, 

{ns = 14, 13), p < .001). Demonstration sessions for observers in Groups NONPROF-L and 

NONPROF-R did not differ significantly from those for observers in Groups PROF-L and 

PROF-R in either duration (Mann Whitney, U = 88.5, p > .05) or number of tray entries 

made by the demonstrator (Mann Whitney, f/ = 75.5, p > .05).
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Figure 3.4: Mean discrimination ratios (responses to the left / responses to the left + 

responses to the right) for all groups from Experiment 3. "P ro f, proficient demonstrators 

(trained to respond in one direction); "Nonprof, non proficient demonstrators (trained to 

respond in both directions). Error bars represent SEM.
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These findings suggest that, when compared to demonstrators trained to respond only in the 

direction reinforced during the demonstration session, demonstrators trained to respond in 

both directions made more errors, as had the untrained demonstrators in Experiment 2, but, 

unlike those untrained demonstrators, other aspects of their demonstration performance did 

not differ.

Observer Performance

Figure 3.4 presents the group-mean discrimination ratio for each group. Discrimination 

ratios were computed by dividing the number of left responses by the total number of 

responses made in the test session. These data appear to indicate a tendency to respond in 

the same direction as that in which demonstrator responses were reinforced both for 

observers of demonstrators trained to respond in that direction (Groups PROF-L and PROF- 

R), and also for observers of demonstrators trained to respond in both directions (Groups 

NONPROF-L and NONPROF-R). These impressions were tested when the data were 

subjected to a two factor ANOVA of observed reinforced direction x type of demonstrator 

training. This revealed a marginally significant main effect of observed reinforced direction, 

F (l,23) = 3.89, p = .061, but not of type of demonstrator training, F <  1. The interaction 

between these factors was not statistically significant, F  < 1.

These results are consistent with earlier experiments that have provided evidence that 

observer rats tend to respond in the same direction as their demonstrator when tested with 

the bidirectional control procedure. The mean proportion of left responding for rats that had 

observed a demonstrator for which left responses were reinforced was greater than that for 

those animals exposed to a right reinforced demonstrator, although this difference was not 

great enough to achieve the conventional level of statistical significance. However, these 

data did not provide any evidence that the magnitude of a demonstrator-consistent 

responding bias is affected by the provision of an opportunity to observe responses in the 

opposite direction to that which was reinforced during the demonstration session, even when 

other performance factors have been controlled. These findings provide no indication that 

exposing observers to a demonstrator making additional responses in the unreinforced 

direction facilitates demonstrator-consistent responding.
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G e n e r a l  D is c u s s io n

In each of three experiments, observer rats were exposed to a demonstrator being reinforced 

for pushing a joystick in a single direction followed by a test in which responses in either 

direction were reinforced. In each of these experiments, observers were either given 

demonstration and test sessions using a conventional procedure identical to that in which 

observers have been shown to respond proportionately more in the same direction as their 

demonstrator in several experiments (e.g., Heyes & Dawson, 1990; Heyes, Dawson & 

Nokes, 1992), or were subjected to a slightly different procedure. Evidence for a 

demonstrator-consistent responding effect for those observers subjected to conventional 

conditions was lacking in Experiment 1, was marginal in Experiment 3, and was reliable only 

in Experiment 2. Alteration to the conventional procedure was found to influence the 

magnitude of a demonstrator-consistent response bias only in Experiment 2. However, in 

Experiment 2, the demonstrator-consistent responding bias for observers subjected to the 

altered procedure (exposure to an untrained demonstrator) was smaller in magnitude than 

that for those subjected to conventional testing conditions.

These experiments failed to uncover any procedural factors which could be exploited in 

developing a more sensitive bidirectional control procedure for the detection of 

demonstrator-consistent responding in rats. They also illustrate the lack of replicability of 

the conventional NDR procedure: demonstrator-consistent responding reached the 

conventional (5%) level of statistical significance in only one of the three experiments 

reported in Chapter 3. The replicability problem could be addressed, in principle, by 

continuing to assume that demonstrator-consistent responding indicates response learning 

by observation or imitation (as it is more broadly defined in this thesis), while conducting a 

more exhaustive search for parameters that might, on this basis, be expected to be important. 

However, it is doubtful whether slight variations on the basic NDR procedure could improve 

its sensitivity to sufficient extent to be of practical use for the investigation of the mechanism 

of imitation; the disappointing results of the present series of experiments do nothing to 

encourage confidence in the efficacy of continuing in this direction. Instead, three rather 

different approaches were applied to the investigation of bidirectional control tests of 

imitation in rats. In the following three chapters, the assumption that demonstrator-
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consistent responding is mediated by imitation is questioned (Chapter 4), a systematic review 

of unpublished as well as published bidirectional control experiments is presented (Chapter 

5), and preliminary attempts to train rats to imitate using a bidirectional control procedure 

are reported (Chapter 6).
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CHAPTER

4
Non-visual local enhancement 

and demonstrator-consistent responding in rats

In Chapter 4, the results of four experiments are reported which address one of the 

outstanding interpretative problems described in Chapter 2, Section 3.3.3. These 

experiments were designed to investigate whether non-visual local enhancement of parts of 

the bidirectional control apparatus might tend to influence an observer to respond in the same 

direction as had its demonstrator. Demonstrator-consistent responding effects could occur 

if observers tested in the standard NDR procedure had tended to approach the side of the 

joystick pushed by their demonstrators, making chance concordant responses more likely. 

Specifically, it was speculated that observer rats' keen sense of smell might influence them 

to approach physical traces, such as food particles or social odours (secretions of specialized 

glands, urine or faeces; see, e.g.. Brown, 1979), asymmetrically deposited by their 

demonstrators on the side of the joystick that had been pushed, or in the area surrounding 

the joystick. This idea is referred to within this thesis as the odour hypothesis.

While there is ample evidence that rats differentially approach locations that have been 

artificially scented by an investigator with the social odours of a conspecific (e.g.. Brown, 

1975; 1977), these findings do not demonstrate that any odours deposited upon a 

manipulandum merely as a result of instrumental responding would also be sufficient for a 

similar approach preference to occur. However, the results of a series of experiments that 

employed a single action method to investigate the role of vision in the social acquisition of 

a lever pressing response suggest that exposure to demonstration session deposits could be 

sufficient to result in a demonstrator-consistent responding effect (Pallaud & Will, 1977). 

Each rat serving as a subject in these experiments was first confined to one half of an operant 

chamber while their demonstrator pushed a lever for food reinforcement in the other half, 

before being tested in the compartment previously occupied by its demonstrator. Rats from 

groups that had not been able to observe the responses of a demonstrator, having been either
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in the dark (Experiment 2) or behind a screen (Experiment 3) during the demonstration 

session, were found to have similar response rates to those from groups that had been able 

to observe their demonstrator, and these response rates were higher than those o f non

exposed groups that had witnessed a passive demonstrator.

One challenge to the odour hypothesis comes from the findings of bidirectional control 

experiments that indicate that, under certain conditions, rats may either tend to respond in 

the opposite direction to their demonstrators (Reed et al., 1996) or inhibit demonstrator- 

consistent responding (Heyes et al., 1993). These effects suggest that rats do not invariably 

approach any putative deposits left by their demonstrators. Nonetheless, they can be 

accom m odated by the odour hypothesis. In Reed et al.'s experiment, a demonstrator- 

inconsistent responding effect was found for isolation-reared rats. This effect would be 

partially accounted for if social experiences mediate odour preferences. Social isolation has 

been shown to reduce the tendency to approach conspecific odours in group-reared male rats 

(Brown, 1985). In Heyes et al.'s experiment, observers that had been trained to push a 

joystick in one direction were subjected to an extinction test after having been exposed to a 

demonstrator making non-reinforced responses (food reinforcement had been withheld from 

these demonstrators for the first time). Observers made fewer extinction responses if they 

had been exposed to non-reinforced responses in the same (Group SAME), compared with 

the opposite (Group DIFFERENT), direction to that pretrained. This finding could be 

explained as a result of animals from Group SAME having been more highly exposed to 

repellant odours from their frustrated demonstrators than those from Group DIFFERENT. 

There are numerous findings that suggest that rats avoid the social odours left by a frustrated 

rat, whether or not they have previously experienced frustration themselves (e.g., Collerain, 

1978; Collerain & Ludvigson, 1977; Ludvigson, McNeese & Collerain, 1979; see also review 

by Schultz & Tapp, 1973).

E x p e r i m e n t  4 : D e m o n s t r a t io n s  in  t h e  d a r k

In Experiment 4, whether observers were able to view their demonstrator responding was 

manipulated to test whether lasting effects of a demonstration session might be sufficient to
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produce demonstrator-consistent responding effects. Half the observers were tested 

following the conventional procedure; groups of observers were exposed to a demonstrator 

responding either to the left or to the right in a demonstration session illuminated by a 

houselight. When tested, these animals had both received visual access to the direction in 

which their demonstrator responded during the demonstration session, and, through being 

tested in the same chamber as their demonstrator, access to any lasting products of the 

demonstration session asymmetrically deposited in the test compartment. Following Pallaud 

and Will (1977), further groups of observers were exposed to a demonstration session in 

which both animals were in the dark throughout; demonstrators responding either to the left 

or to the right. On test, these animals were also exposed to the putative products of a 

demonstration session, but had not been earlier provided with visual information about the 

direction that the demonstrator had manipulated the joystick. If demonstrator-consistent 

responding effects result only from observers imitating their demonstrators, only observers 

from groups provided with visual information would be expected to tend to respond in the 

same direction as had their demonstrator. In contrast, the odour hypothesis predicts that 

demonstrator-consistent responding biases would be expected to occur in the present 

experiment, irrespective of whether visual information had been provided to observers.

Furthermore, if physical products of a demonstration session were sufficient to result in a 

demonstrator-consistent responding effect, and these products were reasonably long lasting, 

then products from earlier demonstration sessions might also be expected to have an 

influence on the observers' direction of responding. This hypothesis was tested by 

manipulating the order in which the observers were tested, such that the direction in which 

the joystick had been pushed by the demonstrators that had previously occupied observers' 

test compartments was systematically varied.

Method

Subjects and Apparatus

The subjects were 40 male hooded Lister rats, obtained from the same supplier, maintained 

under the same conditions, and of approximately the same age as those from Experiment 1.
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Of these, 8 had been trained to be, and performed as, demonstrators in an earlier experiment. 

The other 32 were experimentally naïve, and served as observers.

The animals were trained and tested in the same four operant chambers that had been used 

in Experiments 1-3. However, the experimental room in which these chambers was situated 

was blacked out for the course of Experiment 4; E could not see anything in the room after 

light adaptation.

Procedure

The demonstrators and observers were prepared for testing in the same way as those that 

served in Experiment 3, except that, in preparation for an earlier experiment, equal numbers 

(n = 4) of the demonstrators had been trained, by conventional methods, to respond 

discriminatively either to the left, or to the right. These demonstrators were given two 

sessions of top-up training prior to serving in Experiment 4.

Demonstration and Testing. The observers were subjected to the conventional NDR 

procedure, as described in Experiment 1, with the following exceptions.

Regardless of the subjects' group assignment, demonstration sessions commenced and were 

ended in darkness. Just before the demonstration session was started, and with the observers 

already in place, demonstrators were introduced into the test compartments in complete 

darkness; no light entered the operant chamber from the blacked out experimental room and 

the houselights within the operant chambers were switched off. At the end of each 

demonstration session, and with the house light again off, demonstrators were removed from 

the test compartments in darkness. This procedure ensured that no animals were able to 

observe a demonstrator manipulate the joystick either before or after a demonstration session.

Three factors, each with two levels, were factorial manipulated between subjects. The 4 

observers living in each of eight housing cages were randomly assigned to one of the 

resulting eight groups. The location of putative lasting effects of demonstration sessions laid 

down by the demonstrator to which the subject had been exposed was manipulated in the 

following manner. Observers assigned to groups in which the last coding term was "L"
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(Groups li-(L)-L, li-(R)-L, dk-(L)-L and dk-(R)-L) were present in the observation chamber 

while one of the demonstrators that had been trained to push the joystick to the left 

completed a demonstration session in which left responses were reinforced. The remaining 

observers, those assigned to groups in which the last coding term was "R" (Groups li-(L)-R, 

li-(R)-R, dk-(L)-R and dk-(R)-R), were exposed to a session in which right responses made 

by one of the right trained demonstrators were reinforced.

Whether observers had visual access to the direction that its demonstrator had pushed the 

Joystick was also manipulated. Observers assigned to groups in which the first coding term 

was "li" (Groups li-(L)-L, li-(L)-R, li-(R)-L and li-(R)-R) did have visual access to their 

demonstrator during the demonstration session. The houselight was illuminated at the 

beginning of the demonstration session, and was switched off when the final reinforcer had 

been collected. In contrast, the houselight remained off during the demonstration session for 

observers assigned to groups in which the first coding term was "dk" (Groups dk-(L)-L, dk- 

(L)-R, dk-(R)-L and dk-(R)-R) so that these animals were not able to observe their 

demonstrator responding.

An additional manipulation was the location of any lasting effects of the demonstration 

session prior to the one to which the observer had been exposed. This was carried out by 

balancing the order in which the animals were tested, such that the direction in which the 

immediately preceding demonstrator had pushed the joystick was independently varied. 

Observers assigned to groups in which the middle coding term was "(L)" (Groups li-(L)-L, 

li-(L)-R, dk-(L)-L and dk-(L)-R) had demonstration and test sessions immediately after an 

observer that had been exposed to a left responding demonstrator had been tested. Observers 

assigned to groups in which the middle coding term was "(R)" (Groups li-(R)-L, li-(R)-R, dk- 

(R)-L and dk-(R)-R) followed the testing of an observer that had been exposed to a right 

responding demonstrator.

Results and Discussion

Six of the observers failed to make 50 reinforced responses during 40 minutes of testing and 

were excluded from the analysis. These animals had been assigned to the following groups: 

2 from Group li-(L)-R, and 1 from each of Groups li-(R)-R, dk-(L)-L, dk-(L)-R and dk-(R)-
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Figure 4.1: Mean discrimination ratios (responses to the left / responses to the left + 

responses to the right) for all groups from Experiment 4. "li", demonstration session 

illuminated; "dk", demonstration session in the dark; "(L)", previous demonstrator pushed 

to the left; "(R)", previous demonstrator pushed to the right; L, exposure to left 

demonstration; R, exposure to right demonstration. Error bars represent SEM.
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L. In all but 2 of the demonstration sessions to which the remaining 26 observers had been 

exposed, the demonstrators showed perfect discrimination. In the remaining demonstration 

sessions, to observers from Groups ü-(R)-L and dk-(R)-L, the demonstrators made only one 

response in the untrained and unreinforced direction.

Figure 4.1 displays the group-mean discrimination ratio for each group. Discrimination ratios 

were computed by dividing the number of left responses by the total number of responses 

made in the test session. These data appear to indicate that, in this experiment, manipulation 

o f the direction of demonstrator responding to which observers were exposed was not 

sufficient to result in demonstrator-consistent responding; the discrimination ratios for 

observers from groups that had been exposed to left pushing demonstrators (Groups li-(L)-L, 

li-(R)-L, dk-(L)-L and dk-(R)-L) do not appear to have tended to be greater than those from 

groups that had been exposed to right pushing demonstrators (Groups li-(L)-R, li-(R)-R, dk- 

(L)-R and dk-(R)-R). This appears to have been the case both for those groups in which 

observers had been exposed to their demonstrator in the dark, and for those groups in which 

observers had additionally had visual access to the responses made by their demonstrator.

However, the data illustrated in Figure 4.1 do suggest that manipulation of the direction of 

responding of the demonstrator that had served in the previous demonstration session may, 

under certain circumstances, influence observers' direction of responding. For those 

observers in groups exposed to a demonstration session in the dark, a stronger left preference 

appeared to have occurred if they had followed the testing of an observer that had been 

exposed to a left pushing demonstrator (Groups dk-(L)-L and dk-(L)-R) than if they had 

followed observers exposed to right pushing demonstrator (Groups dk-(R)-L and dk-(R)-R). 

This type of demonstrator-consistent responding effect did not appear to be present for those 

groups in which observers were able to view their demonstrators' responses.

These impressions were supported when the data were subjected to a three factor ANOVA 

of exposed-demonstrator's direction x availabihty of visual information x previous- 

demonstrator's direction. This revealed no main effects of exposed-demonstrator's direction 

or availability of visual information, both Fs < 1. However, those observers in groups 

following the testing of an animal exposed to a left pushing demonstrator tended to make 

more left responses than those observers in groups that had followed the testing of an animal
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exposed to a right pushing demonstrator, F(l,18) = 4.60, p  = 0.046. This main effect of 

previous-demonstrator's direction should be interpreted in light of the only interaction which 

approached statistical significance, that between previous-demonstrator's direction and 

availability of visual information, F(l,18) = 3.57, p  = .075. When this interaction was 

examined further with simple effects, this demonstrator-consistent responding effect was 

found to be confined to observers from groups that had been exposed to their demonstrator 

responding in the dark. Observers fi*om Groups dk-(L)-L and dk-(L)-R tended to make more 

left responses than those from Groups dk-(R)-L and dk-(R)-R, F(l,18) = 8.31, p  = .010, 

while observers from Groups li-(L)-L and li-(L)-R did not differ in directional preference 

from those from Groups li-(R)-L and li-(R)-R, F  < 1.

On the whole, the results of Experiment 4 were disappointing. Observers' directional joystick 

pushing was not found to be influenced by the responding direction of the demonstrator to 

which they had been exposed. This lack of a demonstrator-consistent responding effect was 

found to be just as absent for the groups of observers that had visual access to demonstrated 

responses as it was for the groups of observers that could not observe these responses. 

Testing after exposure to an illuminated demonstration session was expected to result in 

demonstrator-consistent responding, because it was a prediction of the odour hypothesis as 

well as the conventional imitation account of the findings of bidirectional control 

experiments. While these null results do not provide differential support for either 

hypothesis, they are consistent with the suggestion that the bidirectional control procedure 

is not a sensitive measure of putative imitation effects (see Chapters 3,5,  and 6).

One intriguing finding, which has implications for the odour hypothesis, was the novel 

demonstrator-consistent responding effect of previous demonstrator direction. For half the 

observers, those firom groups which were exposed to a demonstration session that occurred 

in darkness, directional responding tended to be consistent with that of the demonstrator that 

had performed in the test chamber one demonstration session earlier. This effect provides 

some support for the odour hypothesis. Demonstration sessions which these observers had 

not been able to witness had an effect on the directionality of their joystick pushing. This 

suggests that detectable physical traces of a demonstration session can result in 

demonstrator-consistent responding, and that these deposits have a relatively long lasting 

influence, vindicating the decision to control running order. However, the failure to find a
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similar effect for the remaining observers, those from groups which were able to watch the 

joystick pushes of their demonstrator, is difficult to interpret. It might suggest that exposure 

to demonstration session deposits and observation of joystick pushing have different types 

of influence upon observers' behaviour which are prone to subtle interactions, but the nature 

o f this interaction is not obvious. Because the results of Experiment 4 encourage further 

investigation of the odour hypothesis, a discussion of the relative roles played by exposure 

to demonstration session products and visual information in producing demonstrator- 

consistent responding effects is postponed until later in this chapter.

E x p e r im e n t  5: M a n ip u l a t in g  p u t a t iv e  d e p o s it s  I

Experiment 5 was designed to investigate further the odour hypothesis by examining the roles 

played by direct exposure to the lasting products of demonstration sessions^ and by visual 

information firom the observed direction of joystick movement. In this experiment, all groups 

of observers were exposed to a demonstrator responding either to the left or to the right in 

a demonstration session illuminated by a houselight. All groups of observers were then tested 

in the test compartment of a different operant chamber in which another demonstrator had 

recently pushed the joystick, either to the left or to the right, during a demonstration session 

concurrent with the one to which the observer had been exposed. Switching observers to a 

different operant chamber for testing permitted the location of the products of demonstration 

sessions to be manipulated independently of observed direction. As in Experiment 4, the 

testing order was arranged so that the pushing direction of the demonstrators that had 

previously occupied observers' test chambers was also independently manipulated.

The odour hypothesis and the conventional imitation account predict the occurrence of 

different patterns of results in Experiment 5. According to the imitation account, visual

^Because the results of Experiment 4 suggest that a demonstration session leaves some 
physical trace, demonstration session deposits are taken to exist even though their 
existence has yet to be objectively established. Similarly, for convenience of expression, 
"manipulation of demonstration session deposits" is preferred to "manipulation of the 
direction in which the joystick had been moved by a demonstrator prior to testing", 
although it is acknowledged that no tests were carried out to confirm that the former had 
been achieved.
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information in the form of the observed direction of joystick pushing is the primary influence 

upon observers'joystick pushing movements. Thus, the imitation account predicts that visual 

access to the direction in which a demonstrator has pushed a joystick would result in a 

tendency for observers to push the joystick in the same direction, and the intended 

manipulations of demonstration session deposits would have relatively minimal, or non

existent, effects upon the directionality of observers' joystick pushing. According to the 

odour hypothesis, by contrast, demonstration session deposits are the primary source of a 

demonstrator-consistent responding bias, and any additional effects of visual information had 

yet to be elucidated. Thus, the odour hypothesis predicts that the intended manipulations of 

demonstration session deposit location would result in demonstrator-consistent responding 

tendencies, and remained neutral with respected to the predicted influence of visual exposure 

to a demonstration session.

Method

Subjects and Apparatus

The subjects were 40 male hooded Lister rats, obtained from the same supplier, maintained 

under the same conditions, and of approximately the same age as those from Experiment 4. 

As was the case in Experiment 4, 8 had been trained to be, and performed as, demonstrators 

in an earlier experiment, while the other 32 were experimentally naïve and served as 

observers. The apparatus were identical to those used in Experiment 4, except that the 

experimental room in which they were located was no longer blacked-out.

Procedure

The demonstrators and observers were prepared for testing in the same way as those in 

Experiment 4 with the exception that the observers' 4 daily magazine training sessions were 

alternately located in the operant chambers used for demonstration and testing, beginning 

with the one used for demonstration, in order that the subjects would have encountered both 

chambers prior to testing.
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For each observer, testing came immediately after exposure to a demonstration session using 

the same procedure as that employed in Experiment 4 except in the following respects. 

Demonstrators were not introduced into the test compartment in absolute darkness because 

all observers had visual access to their entire demonstration session; operant chamber 

houselights were on from just before the demonstrator was introduced until the session 

ended. After its demonstration session, each observer was immediately put in the place of 

a demonstrator from a different operant chamber for its test session.

Three factors, each with two levels, were factorial manipulated between subjects. Each 

observer was randomly assigned to one of the resulting eight groups, with the constraints that 

the 4 observers living in each housing cage were to be tested concurrently and each was to 

be assigned to a different group. This ensured that the time of testing for the observers from 

each group was evenly balanced through the day of testing.

The direction in which observers had visual access to a demonstrator pushing the joystick 

was manipulated in the following manner. Observers assigned to groups in which the first 

coding terms was "Left" (Groups Left-(L)-L, Left-(L)-R, Left-(R)-L and Left-(R)-R) were 

present in the observation chamber while one of the demonstrators that had been trained to 

push the joystick to the left completed a demonstration session in which left responses were 

reinforced. The remaining observers, those assigned to groups in which the first coding term 

was "Right" (Groups Right-(L)-L, Right-(L)-R, Right-(R)-L, Right-(R)-R), were exposed 

to a session in which right responses made by one of the right trained demonstrators were 

reinforced.

The location of any lasting effects of a recent demonstration session was manipulated in the 

following way. Each observer was moved to be tested in the test compartment of a different 

operant chamber, containing any deposits recently left by a different demonstrator from the 

one that they had been able to observe. This "depositing" demonstrator had performed a 

demonstration session at the same time as the one that the observer had seen, and the 

depositing demonstrator had simultaneously served as an observed demonstrator for a 

different observer. Observers assigned to groups in which the final coding term was "L" 

(Groups Left-(L)-L, Left-(R)-L, Right-(L)-L and Right-(R)-L) were moved to a test 

compartment in which a demonstrator had responded to the left. The observers assigned to
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Figure 4.2: Mean discrimination ratios (responses to the left / responses to the left + 

responses to the right) for all groups from Experiment 5. "Left", observed left; "Right", 

observed right; "(L)", previous-depositing-demonstrator pushed to the left; "(R)", previous- 

depositing-demonstrator pushed to the right; L, recent-depositing demonstrator pushed to 

the left; R, recent-depositing demonstrator pushed to the right. Error bars represent SEM.
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groups in which the final coding term was "R" (Groups Left-(L)-R, Left-(R)-R, Right-(L)-R 

and Right-(R)-R) were tested in an operant chamber in which the last demonstrator had 

responded to the right.

The location of any, long lasting, deposits from the demonstration session that had occurred 

prior to the one to which observers were exposed was manipulated using a similar method 

to that employed in Experiment 4. Observers assigned to groups in which the middle coding 

term was "(L)" (Groups Left-(L)-L, Left-(L)-R, Right-(L)-L and Right-(L)-R) were tested 

in a chamber in which the previous depositing demonstrator had responded to the left. The 

previous depositing demonstrator for observers assigned to groups in which the middle 

coding term was "(R)" (Groups Left-(R)-L, Left-(R)-R, Right-(R)-L and Right-(R)-R) had 

responded to the right.

Results and Discussion

Five of the observers failed to make 50 reinforced responses during 40 minutes of testing and 

were excluded firom the analysis. One of these animals had been assigned to each of Groups 

Left-(L)-L, Left-(L)-R, Right-(L)-L, Right-(R)-L, and Right-(R)-R. In all but 2 of the 

demonstration sessions for the remaining 27 observers, the demonstrators showed perfect 

discrimination. In the remaining demonstration sessions, to observers from Groups Left-(L)- 

L and Right-(R)-L, the demonstrators made only one response in the untrained and 

unreinforced direction.

Figure 4.2 displays the group-mean discrimination ratio for each group. Discrimination ratios 

were computed by dividing the number of left responses by the total number of responses 

made in the test session. These data appear to suggest that each manipulation influenced 

observers' directional joystick pushing. Visual information made available during the 

demonstration session that observers had an opportunity to observe appeared to have 

influenced the observers to push the joystick in the opposite direction to that in which the 

demonstrator had responded; observers from groups that had been able to observe left 

pushing demonstrators (Groups Left-(L)-L, Left-(L)-R, Left-(R)-L and Left-(R)-R; M  = 

0.41) seemed less likely to respond to the left than those from groups that had been able to 

observe right pushing demonstrators (Groups Right-(L)-L, Right-(L)-R, Right-(R)-L, Right-
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(R)-R; M  = 0.64). Direct exposure to the lasting products of recent demonstration sessions 

appeared to result in a tendency for observers to respond in the same direction as had the 

demonstrator which had left those products; observers from groups that had been tested in 

an operant chamber in which a left pushing demonstrator had just completed a demonstration 

session (Groups Left-(L)-L, Left-(R)-L, Right-(L)-L and Right-(R)-L; M  = 0.60) seemed 

more likely to respond to the left than observers from groups tested in an operant chamber 

Just vacated by a right pushing demonstrator (Groups Left-(L)-R, Left-(R)-R, Right-(L)-R 

and Right-(R)-R; M  = 0.44). Finally, as in Experiment 4, physical products of earlier 

demonstration sessions appeared to be sufficiently long lasting to influence observers' 

directional preference; observers from groups tested in an operant chamber occupied, one 

demonstration session earlier, by a left pushing demonstrator (Groups Left-(L)-L, Left-(L)-R, 

Right-(L)-L and Right-(L)-R; M  = 0.62) seemed generally more likely to respond to the left 

than those observers ft-om groups for which the earlier demonstrator had pushed to the right 

(Groups Left-(R)-L, Left-(R)-R, Right-(R)-L and Right-(R)-R; M  = 0.43).

These impressions were supported when the data were subjected to a three factor ANOVA 

of observed-demonstrator direction x recent-depositing-demonstrator direction x previous- 

depositing-demonstrator direction. This revealed statistically significant main effects of 

observed-demonstrator direction, F(l,19) = 5.62, p  = .029, and previous-depositing- 

demonstrator direction, F(l,19) = 5.72, p  = .027, and a marginally significant main effect of 

recent-depositing-demonstrator direction, F(l,19) = 3.13, p  = .093. None of the interactions 

were statistically significant.

These findings are more consistent with the odour hypothesis than the conventional imitation 

account. First, as predicted by the odour hypothesis, the manipulations intended to vary the 

location of demonstration session products were the primary source of any demonstrator- 

consistent responding bias for the rats that served as observers in this experiment; both recent 

deposits and older deposits tended to result in influences to push the joystick in the same 

direction, relative to the direction of the depositing demonstrators' joystick pushing. The 

marginal effect which was found for recent deposits is bolstered by the finding for older 

deposits because the probability that both of these effects were false positives, which just 

happened to occur in the same direction, is very small {p = .005, even with an inflated 2-tail 

of .1 per effect).
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Second, the finding that visual information, when manipulated independent of the location 

of products of demonstration sessions, leads to a demonstrator-inconsistent responding effect 

indicates clearly that the rats in this experiment were not imitating. Instead this result is 

consistent with the occurrence of a different visually mediated social effect: egocentric 

observational autoshaping (Denny et al., 1988, Experiment 7; see also Chapter 2, Section 

3.3.2). Observers in the present experiment may have been influenced by the behaviour of 

the demonstrator that they had an opportunity to observe, resulting in a tendency to cause 

the joystick to move in the same direction, across their own visual field, as they had earlier 

seen it pass during the demonstration session. The odour hypothesis can accommodate this 

finding because, in contrast to the imitation account, it did not make specific predictions 

regarding the role of visual information in the bidirectional control procedure.

These findings are also of interest because they appear to indicate the simultaneous operation 

of processes resulting in opposing influences on directional responding, and this has several 

implications for the findings from other bidirectional control experiments. First, the mean 

effect size for demonstrator-consistent responding should be less than that expected through 

the operation of either process alone. Not only is the mean directional preference for the 

groups less likely to differ, but greater variability would be expected within each group if 

individual differences among observers affects the process by which they are most influenced. 

Thus, opposing influences upon observers' directional responding may contribute to the lack 

of sensitivity of the bidirectional control procedure. Second, the conflict between these 

influences also generates hypotheses about the conditions through which demonstrator 

consistent responding should occur. Conditions which should result in stronger visually 

mediated effects would be expected to result in relatively strong observational autoshaping, 

and a tendency for demonstrator-inconsistent responding, while conditions which should 

result in a stronger asymmetry in the location of products of demonstration sessions should 

result in a relatively strong influence of those products and a greater likelihood of 

demonstrator-consistent responding. This idea is considered further in the general discussion 

of this chapter.
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Figure 4.3: Mean discrimination ratios (responses to the left / responses to the left + 

responses to the right) for all groups from Experiment 6. "Left", observed left; "Right", 

observed right; "(L)", previous-depositing-demonstrator pushed to the left; "(R)", previous- 

depositing-demonstrator pushed to the right; L, recent-depositing demonstrator pushed to 

the left; R, recent-depositing demonstrator pushed to the right. Error bars represent SEM.
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E x p e r i m e n t  6: M a n i p u l a t i n g  p u t a t i v e  d e p o s i t s  n

The results of Experiment 5 cast doubt upon rats' capacity to imitate when tested in the 

bidirectional control procedure. In Experiment 6, the method used in Experiment 5 to 

manipulate, independently, the location of lasting products of demonstration sessions and the 

visual information from the observed direction of joystick movement was replicated in an 

attempt to corroborate these findings.

Method

The method was identical to that used in Experiment 5, except in the following respects. 

Subjects

The subjects were 40 male hooded Lister rats, maintained under the same conditions, and of 

approximately the same age as those from Experiment 5. The demonstrators were the 8 rats 

that had served as demonstrators in Experiment 5. The other 32 animals, which served as 

observers, were experimentally naïve and were obtained from Merck Sharp and Dohme 

Neuroscience Research Centre (Harlow).

Results and Discussion

Four of the observers failed to make 50 reinforced responses during 40 minutes of testing and 

were excluded from the analysis. One of these animals had been assigned to each of Groups 

Left-(L)-R, Left-(R)-L, Right-(L)-R and Right-(R)-L. In all but 4 of the demonstration 

sessions seen by the remaining 28 observers, the demonstrators showed perfect 

discrimination. Of the remaining demonstration sessions, 2 observers from each of Groups 

Left-(R)-R and Right-(R)-L were able to observe only one unreinforced response in the 

untrained direction.

Figure 4.3 displays the group-mean discrimination ratio for each group. Discrimination ratios 

were computed by dividing the number of left responses by the total number of responses

126



made in the test session. These data do not appear to provide support for the findings of 

Experiment 5. Visual information made available during the demonstration session that 

observers had an opportunity to observe appeared to have little influence on observers' 

directional preferences; the discrimination ratios for observers from groups that had been able 

to observe left pushing demonstrators (Groups Left-(L)-L, Left-(L)-R, Left-(R)-L and Left- 

(R)-R; M  = 0.56) did not appear to have been consistently higher than those for the groups 

that had been able to observe right pushing demonstrators (Groups Right-(L)-L, Right-(L)-R, 

Right-(R)-L, Right-(R)-R; M  = 0.48). In contrast to the findings of Experiment 5, direct 

exposure to the lasting products of recent demonstration sessions appeared to result in a 

tendency for observers to respond in the opposite direction to that of the demonstrator that 

had left those products; observers from groups that had been tested in an operant chamber 

in which a left pushing demonstrator had just completed a demonstration session (Groups 

Left-(L)-L, Left-(R)-L, Right-(L)-L and Right-(R)-L; M  = 0.43) seemed less likely to 

respond to the left than observers from groups tested in an operant chamber just vacated a 

right pushing demonstrator (Groups Left-(L)-R, Left-(R)-R, Right-(L)-R and Right-(R)-R; 

M  = 0.62). The physical products of earlier demonstration sessions appeared to be 

sufficiently long lasting to influence observers' directional preference in the same way as the 

products of more recent demonstration sessions; observers from groups tested in an operant 

chamber occupied, one demonstration session earlier, by a left pushing demonstrator (Groups 

Left-(L)-L, Left-(L)-R, Right-(L)-L and Right-(L)-R; M  = 0.43) seemed generally less likely 

to respond to the left than those observers from groups for which the earlier demonstrator 

had pushed to the right (Groups Left-(R)-L, Left-(R)-R, Right-(R)-L and Right-(R)-R; M  

= 0.61).

These impressions were supported when the data were subjected to a three factor ANOVA 

of observed-demonstrator direction x recent-depositing-demonstrator direction x previous- 

depositing-demonstrator direction. This revealed no main effect of observed demonstrator 

direction, F(l,20) = 1.40, p  = .25, but statistically significant main effects of recent- 

depositing demonstrator direction, F( 1,20) = 6.01, /? = .024, and previous-depositing- 

demonstrator direction, F(l,20) = 5.31, p = .032. None of the interactions were statistically 

significant.
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The lack of an effect of visual information failed to provide further support for the finding 

of Experiment 5 which suggested that rats engage in egocentric observational autoshaping, 

rather than imitation, as a result of their observational experience in the bidirectional control 

procedure. However, the odour hypothesis is not unduly weakened by this failure to find an 

effect o f visual information because a role for observational autoshaping is not a strong 

prediction of the odour hypothesis, and this "null" effect also provides no evidence that rats 

have the capacity to use visual information in order to imitate. The bidirectional control 

procedure may be an insensitive measure of visually mediated social effects.

The finding that the lasting products of demonstration sessions, whether deposited in a recent 

or earlier demonstration session, tended to result in a demonstrator-inconsistent directional 

bias is worthy of more extensive discussion, because it is in direct contrast to the findings 

o f Experiment 5, and is consistent with neither the odour hypothesis nor the conventional 

imitation account of demonstrator-consistent responding in the bidirectional control 

procedure. This contrast in the findings of Experiments 5 and 6 might appear to undermine 

the validity of the effects found in both replications. It also appears to undermine the odour 

hypothesis as an explanation for the demonstrator-consistent directional bias that has been 

found in experiments which did not attempt to dissociate the effects of information about the 

direction of joystick movement available to observers through observation of the behaviour 

of a demonstrator from the effects of exposure to the location of physical products of the 

demonstration session. Both points will be discussed in turn.

The finding that the lasting products of demonstration sessions had contrasting effects in 

Experiments 5 and 6 does not undermine the validity of these effects. Within this experiment, 

as had also been the case in Experiment 5, both recent deposits and older deposits tended to 

influence observers to respond in the same direction, relative to the direction of the 

depositing demonstrator's direction of responding, as would be expected if the influence of 

both types of deposit were due to the same mechanism. These effects are mutually 

supportive: Again, the probability of two false positive findings having occurred in the same 

direction is very small {p = .005, with a 2-tail a of .1 per effect). Irrespective of whether the 

direction of the findings are the same between experiments, the probability of having obtained 

these two types of effect in the same direction within both of a pair of experiments is 

vanishingly small (p = .000025, based on the previous calculations). Therefore, taken
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together, the results of Experiments 5 and 6 strongly suggest that deposits of demonstration 

sessions has a significant influence on the directional bias shown by observers.

The contrast in the deposit effects of Experiments 5 and 6 does, however, raise questions 

about the role that products of demonstration sessions may have played in determining the 

directional preference of observers in these, and previous, experiments that have used the 

bidirectional control procedure. It is remarkable to have found conflicting effects in two, 

superficially identical, experiments, presumably as a result of the operation of the same type 

of mechanism in both experiments. In each case in which observers' directional responding 

bias was found to tend to be consistent with that of depositing demonstrators, the observers 

had not been visually exposed to the demonstration session which had influenced their 

behaviour. Thus, it would appear that observers' olfactory perception of asymmetrically 

deposited physical traces is still the most plausible account for these effects. The odour 

hypothesis might be able to account for these discordant findings if observers from 

Experiment 5 had a tendency to approach these physical cues, while those from Experiment 

6 had a tendency to avoid these physical cues. A tendency to avoid the side of a joystick 

which was contacted by a demonstrator would be likely to result in a decreased likelihood 

of chance concordant responses, and a (depositing) demonstrator-inconsistent responding 

tendency. An avoidance of deposits might be expected if the deposits smelled relatively 

unpleasant.

A difference in the subject populations of Experiments 5 and 6 suggests a possible cause for 

the proposed explanation of the different effects of demonstration session deposit: an 

approach to odour tendency in Experiment 5 and an avoidance of odour tendency in 

Experiment 6. This was the only difference in procedure between replications. In 

Experiment 5, both the demonstrators and the observers were obtained from the same 

supplier, and that supplier, Harlan Olac, was the one that has been used for the majority of 

the earlier bidirectional control experiments. The observers used in Experiment 6 were 

acquired from a different supplier, Merck Sharpe and Dohme, from those used in Experiment 

5 and the earlier bidirectional control experiments and, perhaps more importantly, these 

observers were from a different supplier to that from which their demonstrators originated, 

contrary to all previous bidirectional control experiments. It has been suggested that "in a 

settled group [of rats], there is a 'colony odour', which enables a male to distinguish a
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member o f his own family or group from strange rats" (Barnett, 1967, p. 91). There are 

many potential causes of such a colony odour, such as differences in housing conditions and 

diet, differences in familiarity and differences in biological relatedness (Brown, 1979). In 

particular, there are findings that have shown that male rats prefer the odour of familiar male 

or female cagemates to unknown rats (Krames & Shaw, 1973), and that mammals tend to 

approach the social odours of other mammals that are more highly related to themselves, 

preferring the odour of the same sub-species, to that of other sub-species, to that of other 

species (reviewed by Brown, 1979). While, in Experiment 5, Harlan Olac observers may 

have tended to approach the social odours of other Harlan Olac rats that had served as 

demonstrators, the Merck Sharpe and Dohme rats that had served in Experiment 6 may have 

avoided the social odours of their Harlan Olac demonstrators, the odour being characteristic 

to a different (and possibly less familiar and less related) colony. A net avoidance of the 

odour of an unfamiliar colony might occur either because it is repellant, or because it is less 

preferable to the residual social odour left by observers from the same colony in other parts 

of a chamber.

E x p e r i m e n t  7 : M a n i p u l a t i n g  p u t a t i v e  d e p o s i t s  I I I

Experiment 7 was designed to examine further the odour hypothesis, by attempting both to 

provide additional evidence that demonstration session deposits influence directional 

responding in the bidirectional control procedure, and to provide support for the colony 

odour account for the difference in findings fi"om Experiments 5 and 6 that is outlined above. 

In this experiment, the location of lasting products of demonstration sessions and visual 

information from the observed direction of joystick movement were independently 

manipulated by replicating the method that had been used in Experiments 5 and 6. In 

addition, the supplier from which the observers had been obtained was further manipulated, 

while the supplier fi"om which the demonstrators had been obtained was kept constant. Half 

the observers, like those serving in Experiment 5, were fi*om the same supplier as that of their 

demonstrators. The remaining half of the observers, like those serving in Experiment 6, were 

fi*om a different supplier to that of their demonstrators. If colony differences influenced the 

effect of demonstration session deposits in Experiments 5 and 6, the observers that had been
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obtained from the same supplier as that of their demonstrators would be expected to respond 

in the same direction as that of their depositing demonstrators, replicating the findings of 

Experiment 5, while the observers that had been obtained from a different supplier to that of 

their demonstrators would be expected to respond in the opposite direction to that of their 

depositing demonstrators, replicating the findings of Experiment 6.

Method

The method was identical to that used in Experiments 5 and 6, except in the following 

respects.

Subjects

The subjects were 72 male hooded Lister rats, 40 obtained from Harlan Olac Ltd (Bicester, 

Oxon), and 32 obtained from Merck Sharpe and Dohme Neuroscience Research Centre 

(Harlow). Of the 40 obtained from Harlan Olac, 8 had served in another experiment and 

were trained, by conventional methods, to push the joystick either to the left {n = 4) or to the 

right (rt = 4). All the remaining rats were experimentally naïve and served as observers. All 

the rats were approximately the same age, and were maintained under the same conditions 

as those in Experiment 5, except that the observers obtained from Merck Sharpe and Dohme 

were approximately 8 months old, and housed in groups of 3 (one cage contained a rat from 

the laboratory stock which did not serve in this experiment).

Procedure

All the observers from Merck Sharpe and Dohme (MSD) were tested on one testing day. 

Three weeks later, all the observers from Harlon Olac (Olac) were tested on a second testing 

day. Observers from different suppliers were tested on separate days to prevent deposits left 

by earlier tested observers from a different supplier having an unplanned influence upon 

observers' behaviour.
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Figure 4.4: Mean discrimination ratios (responses to the left / responses to the left + 

responses to the right) for MSD observers from Experiment 7. "Left", observed left; "Right", 

observed right; "(L)", previous-depositing-demonstrator pushed to the left; "(R)", previous- 

depositing-demonstrator pushed to the right; L, recent-depositing demonstrator pushed to 

the left; R, recent-depositing demonstrator pushed to the right. Error bars represent SEM.

Left-(L) Left-{R) Right-(L) Rlght-(R)
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Figure 4.5: Mean discrimination ratios (responses to the left / responses to the left + 

responses to the right) for Olac observers from Experiment 7. "Left", observed left; "Right", 

observed right; "(L)", previous-depositing-demonstrator pushed to the left; "(R)", previous- 

depositing-demonstrator pushed to the right; L, recent-depositing demonstrator pushed to 

the left; R, recent-depositing demonstrator pushed to the right. Error bars represent SEM.
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Four animals from each supplier were randomly assigned to each of the eight groups that had 

been used in Experiments 5 and 6, with the constraint that the 4 observers tested concurrently 

were assigned to different groups. Each squad of 4 Olac observers were housed together, 

while squads of MSD rats were housed in two neighbouring cages.

Results and Discussion

Nine of the observers acquired from MSD failed to make 50 reinforced responses during 40 

minutes of testing and were excluded from the analysis. These animals had been assigned to 

the following groups: 3 from Groups Left-(R)-L, 2 from Group Right-(L)-R, and 1 from each 

of Groups Left-(L)-L, Left-(L)-R, Left-(R)-R and Right-(L)-L. In all but 6 of the 

demonstration sessions that the remaining 23 MSD observers saw, the demonstrators showed 

perfect discrimination. Of the remaining demonstration sessions, 2 observers from each of 

Groups Left-(R)-L and Left-(R)-R, and 1 observer from each of Groups Left-(L)-L and 

Right-(R)-L were able to observe their demonstrator make no more than four responses in 

the untrained, and unreinforced, direction.

Four of the observers acquired from Olac were also excluded from the analysis because they 

had failed to make 50 reinforced responses during 40 minutes of testing. One of these 

animals had been assigned to each of Groups Left-(L)-L, Left-(R)-R, Right-(L)-L and Right- 

(R)-R. In all but 2 of the demonstration sessions that the remaining 28 Olac observers saw, 

the demonstrators showed perfect discrimination. Of the remaining demonstration sessions, 

1 observer from each of Groups Left-(R)-L and Left-(R)-R was able to observe their 

demonstrator make no more than two responses in the untrained, and unreinforced, direction.

The group-mean discrimination ratios for each group of MSD rats are presented in Figure 

4.4, and for each group of Olac rats in Figure 4.5. Discrimination ratios were computed by 

dividing the number of left responses by the total number of responses made in the test 

session. These data do not appear to provide any evidence to suggest that either visual 

information or the location of demonstration session deposits influenced observers' direction 

of responding, nor do they appear to indicate that the effect of demonstration session 

deposits is dependent upon the supplier from which the observers had been obtained.

134



These data were subjected to a four factor ANOVA of observed-demonstrator direction x 

recent-depositing-demonstrator direction x previous-depositing-demonstrator direction x 

observer-type. This revealed no statistically significant main effect of observed-demonstrator 

direction, F  < 1, failing to provide evidence in support of the occurrence of either imitation 

or observational autoshaping. None of the other main effects were significant, Fs < 1. Nor 

were any of the interactions were statistically significant, including the two predicted two 

way interactions between recent-depositing-demonstrator direction x observer-type, F(l,35) 

= 2.00, p = 0.166, and between previous-depositing-demonstrator x observer-type, F  < 1.

The lack of statistically significant findings in this experiment means that it did not provide 

any further support for the odour hypothesis. First, these null results failed to provide 

support for the colony odour interpretation of the different directions in which deposit effects 

occurred in Experiments 5 and 6. However, while the predicted interactions involving 

observer-type did not achieve conventional levels of statistical significance, it should be 

noted that both were in the anticipated direction. Differences in mean discrimination ratio 

were in agreement with a (depositing) demonstrator-consistent bias when observers and 

demonstrators were from the same supplier (Olac observers), and a (depositing) 

demonstrator-inconsistent bias when observers and demonstrators were from different 

suppliers (MSD observers) for both recent deposits (Olac- L, M = 0.58, Olac-R, M  = 0.52; 

MSD-L, M  = 0.48, MSD-R, M  = 0.57), and older deposits (Olac- L, M = 0.59, Olac-R, M  

= 0.51; MSD-L, M 0.51, MSD-R, M  = 0.54).

Second, effects of demonstration deposits on observers' directional responding were not 

replicated. In one subsequent experiment. Experiment 7A, which was also conducted with 

the objective of demonstrating these effects (and is included in the meta-analysis reported in 

Chapter 5), effects of demonstration session deposits also failed to reach statistical 

significance. In this experiment, the method employed in Experiments 5, 6 and 7 was 

repeated, but all the rats were from the same supplier (Olac). In an attempt to ensure that 

the social odours of demonstrators would be relatively attractive to the observers in this 

experiment, observers were highly familiar with their demonstrators (c.f., Krames & Shaw, 

1973), having lived together in the same housing cage for approximately 4 months. 

However, although effects of deposits were not found in Experiments 7 or 7A, effects of 

visual exposure to the joystick pushing of a demonstrator were not found either. Thus, these
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"null" findings do not differentially support either the odour hypothesis or the imitation 

account for demonstrator-consistent responding in the bidirectional control procedure.

G e n e r a l  D i s c u s s i o n

Five experiments, four of which are reported in full in this chapter, examined the roles played 

by visual information and putative demonstration session deposits in mediating observers' 

directional responding in the bidirectional control procedure. These experiments were 

designed to test the conventional imitation account for demonstrator-consistent responding 

against an alternative account based upon non-visual local enhancement of parts of the testing 

apparatus. According to this alternative account, the odour hypothesis, observers' direct 

exposure to residuals deposited during demonstration sessions, rather than their observation 

of joystick pushing movements, could have resulted in a tendency for demonstrator- 

consistent responding in the experiments that have previously been interpreted as providing 

evidence of imitation. Because effects were found to suggest that both deposits, and 

observation, influence directional responding, this discussion will consider, in turn, the 

implications of each type of effect for the interpretation of bidirectional control experiments.

Deposit Effects

All five experiments tested whether exposure to demonstration sessions deposits could result 

in a tendency for demonstrator-consistent responding that was independent of any effects of 

observational experience. In three of the five experiments (Experiments 4, 5 and 6) evidence 

was found that demonstration session deposits influenced observers' direction of responding. 

In two of the three experiments in which an effect of demonstration session deposits was 

found (Experiments 4 and 5), this influence resulted in a tendency to respond in the same 

direction as the depositing demonstrator, while in Experiment 6 this influence resulted in a 

tendency for observers to respond in the opposite direction as had their depositing 

demonstrator.
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Any effects of deposit are of potential embarrassment to the imitation account, because the 

possibility of non-visual influences has been overlooked by this conventional interpretation 

o f demonstrator-consistent responding. The imitation account might accommodate these 

findings by suggesting that they constitute a nuisance factor: although demonstration session 

deposits have an important additional influence on directional responding, rats may also be 

influenced to push a joystick in the same direction, relative to their bodies, as they had 

witnessed a demonstrator move the joystick relative to its body. Any future experiments 

using the bidirectional control procedure to investigate imitation would need to carefully 

control for potential effects of demonstration session deposits.

The burden for the odour hypothesis, which postulates that deposits should consistently 

influence observers towards demonstrator-consistent responding, is to explain why deposit 

effects have come and gone in the present experiments, and why they sometimes result in 

demonstrator-inconsistent responding. First, the poor replicability of deposit effects might 

be due to these deposits having a modest influence upon observers rats' behaviour. Although 

it was proposed (in the discussion of the results of Experiment 5) that contrasting 

observational effects and effects of exposure to demonstration session deposits could 

contribute to the poor replicability of demonstrator-consistent responding effects in the 

bidirectional control paradigm, this may not be the whole story. Both types of influence may 

individually have small effect sizes. If the effect sizes for demonstration session deposits 

were small, statistically reliable effects of deposit would not be expected to be demonstrable 

in every replication of a procedure designed to manipulate the location of these cues.

Second, demonstrator-inconsistent deposit effects could be interpreted within the framework 

o f the odour hypothesis if the effects of deposits are subtle, and depend upon conditions 

which affect rats' odour preference. Many factors which influence rats' tendency to approach 

an odour (see, e.g.. Brown, 1979, for a review), and could potentially determine whether 

deposits lead to demonstrator-consistent or demonstrator-inconsistent responding biases, are 

likely to have been overlooked in attempts to use the bidirectional control procedure to 

investigate imitation. One such factor could be a colony difference between the observers 

and demonstrators which served in Experiment 6, the experiment in which demonstrator- 

inconsistent effects occurred. This position was advanced in the discussion of Experiment 

6, and examined in Experiment 7. While the "null" effects of Experiment 7 did not provide
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evidence to support this explanation for different directions of deposit effect, they also did 

not discredit a colony difference interpretation for the contrasting results of Experiments 5 

and 6. It should also be noted that Experiments 6 and 7 were exceptional, relative to other 

bidirectional control experiments, in having used observers which had come from a different 

source to the demonstrators.

Observational Effects

Four experiments (Experiments 5, 6, 7 and 7A) examined whether visual exposure to a 

demonstration session would result in a tendency for demonstrator-consistent responding, 

that was independent of any effects of demonstration session deposits. An effect of 

observation was found in only one of these experiments (Experiment 5), and, in this 

experiment, observers were found to respond in the opposite direction to that in which their 

demonstrator had responded in the demonstration session that they were able to observe. 

This result could be described as egocentric observational autoshaping, a non-imitative, 

visually mediated, social effect in which an observer was influenced to push the joystick in 

the same direction, relative to its visual field, as the joystick had been seen to move during 

a demonstration session (see Chapter 2, Section 3.3.2).

Primarily, the imitation account is charged with the responsibility to explain any observational 

effects, because, unlike the odour hypothesis, its central premise is that observers are 

influenced by observing a demonstration. The poor replicability of observational effects can 

be interpreted as a consequence of a small effect size, vision having only a modest influence 

upon observer rats' behaviour, along similar lines to the argument advanced on behalf of the 

odour hypothesis to explain the poor replicability of deposit effects. However, the direction 

of this observational effect is harder for the imitation account to explain: Why did these 

socially reared observers, like the isolated rats tested by Reed et al. (1996), tend to push a 

joystick in the opposite direction to that of their demonstrators? If, adopting the imitation 

account, putative deposits are to be treated as merely a nuisance factor, a demonstration that 

visual information results in a tendency for observers to push the joystick in the same 

direction, relative to their bodies, as had their demonstrator, in an experiment which is 

designed to dissociate observational and deposit effects, is required should the bidirectional 

control procedure be continued to be used as a test of imitation. In four such experiments,
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no evidence consistent with imitation was forthcoming, and some evidence consistent with 

the occurrence of a simpler visually mediated effect was found.

The finding that observation of a demonstration session might result in observational 

autoshaping, a demonstrator-inconsistent responding effect, rather than a demonstrator- 

consistent responding effect (imitation or emulation), might help to explain the results of 

several bidirectional control experiments that have been difficult for the imitation account to 

accommodate. If demonstrator-inconsistent responding biases found in experiments which 

did not attempt to dissociate the effects of observation and deposits were the result of non

visual local enhancement, it is possible that observational autoshaping is the only type of 

observational effect that occurs in the bidirectional control procedure. This would predict 

that in many experiments the influences of observation and exposure to demonstration session 

deposits might be in opposition, and cancel each other out. However, testing conditions 

which should favour visually mediated effects over olfactory mediated effects would be 

expected to result in relatively strong observational autoshaping, and a tendency for 

demonstrator-inconsistent responding. Isolated rats that have been found to tend to push a 

joystick in the opposite direction to that of their demonstrator (Reed et al., 1996) may have 

been prone to a relatively strong observational autoshaping influence because social isolation 

had reduced their tendency to approach deposit cues (Brown, 1985). Socially reared rats 

that have been found to push the Joystick in the opposite direction to that of their 

demonstrator after exposure to six demonstration sessions (C. Heyes & E. Jaldow, unpub.) 

may have been prone to a relatively strong observational autoshaping influence because they 

had been provided with more than one demonstration in which visually mediated social 

learning could occur.

Conclusions

While the findings of the experiments reported in Chapter 4 may be, on balance, more 

consistent with the odour hypothesis than the imitation account, further research would be 

required in order to provide a convincing explanation for demonstrator-consistent responding 

in the bidirectional control procedure. Many issues remain to be resolved by the odour 

hypothesis, such as the nature and location of deposits, the conditions which influence the 

effects of deposits, and the role played by deposits during the joystick-transfer test. Similarly,
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interpretative issues remain to be addressed by the imitation account. In particular, a 

demonstration of demonstrator-consistent responding when steps have been taken to control 

for non-visual local enhancement is required, and the possibility that visual exposure to 

demonstration sessions results in a demonstrator-inconsistent responding bias should be 

investigated. The odour hypotheses remains a plausible alternative account for putative 

imitation effects produced by the bidirectional control procedure.
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CHAPTER

5
The sensitivity of bidirectional control tests:

A meta-analysis

Chapter 5 presents a meta-analytic synthesis of a large sample of the experiments that have 

employed a bidirectional control procedure in attempts to show demonstrator-consistent 

responding in rats. This meta-analysis was conducted in order to provide a quantitative 

evaluation of the problem of the poor replicability of demonstrator-consistent responding 

effects. Two possible implications of a lack of replicability, that were outlined in Chapter 2, 

are examined further in Chapter 5. First, the statistical reliability of the putative imitation 

effect might be questionable; it was proposed earlier that demonstrator-consistent responding 

effects could be a sampling artefact. Second, it was suggested in Chapter 2 that bidirectional 

control tests might not be sufficiently sensitive to be of practical use in the investigation of 

imitation; the magnitude of the basic demonstrator-consistent responding effect might be 

relatively small, even if the effect is statistically reliable. This meta-analysis also serves as a 

quantitative review of unpublished as well as pubUshed bidirectional control experiments, 

complementing the review of published experiments that was offered in Chapter 2. The 

unpublished experiments include, among others, all those which were conducted during the 

author's PhD studentship, irrespective of whether they are reported in full elsewhere in this 

thesis.

A meta-analysis en^loys statistical techniques which permit the results of several quantitative 

studies to be combined or contrasted in a systematic fashion. Meta-analytic techniques have 

been particularly useful in providing quantitative summaries of applied research in areas in 

which the reported effects of an intervention are small and variable. These summaries can 

provide guidance to policy makers. For example, meta-analyses have been influential in 

determining the likely efficacy of psychotherapy outcomes (Smith & Glass, 1977), and the 

effects of class size in education (Glass, Cahen, Smith & Filby, 1982). Experimental 

psychology research findings have less often been reviewed in this way, probably because
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research paradigms that tend to have been adopted are those which yield larger effect sizes. 

However, experimental findings investigating both mood state-dependent memory (Ucros, 

1989), and the effects of mental practice on motor skill learning (Feltz & Landers, 1983), 

have been integrated using meta-analytic techniques.

Bangert-Drowns (1986) has described five distinguishable types of meta-analytic method. 

The method adopted in Chapter 5 falls into Bangert-Drowns' "combined probability method" 

category, exemplified by Rosenthal & Rubin's (1978) meta-analysis of interpersonal 

expectancy effects'^. The focus of the combined probability method is consistent with the 

objectives of the present meta-analysis, which is "to estimate a treatment effect and the 

reliability of this finding" (Bangert-Drowns, 1986, p. 391). The statistical techniques 

involved in the combined probability method are straightforward and have been summarised 

by Rosenthal (1991). On the one hand, the magnitude of a treatment effect can be estimated 

by treating each conceptually independent experimental finding (e.g., each attempt to 

demonstrate demonstrator-consistent responding) as a unit of analysis, computing an effect 

size estimator for each study finding, and averaging these effect sizes. On the other hand, the 

reliability of this finding is typically estimated by the Stouffer method, which is a technique 

for the combination of the probabilities yielded by the statistical test applied to each study 

finding. The evaluation of reliability by the combined probability method can be conceived 

of as the pooling of data from all the experiments. Therefore, the unit of analysis for 

reliability is the research subject rather than the study. By producing "one large experiment" 

through the combination of the results from many smaller ones, the effective sample size is 

increased, resulting in greater statistical power.

"^Some categories of meta-analysis place an emphasis upon the exploration of between 
study variation in effect size in order to specify factors ("moderator variables") which 
influence the magnitude of a research finding. The adoption of such an approach 
might have revealed parameters which affect the sensitivity of bidirectional control 
tests (c.f.. Chapter 3). However, this was generally not possible in the present case 
because, for the majority of unpublished experiments, insufficient procedural 
information was recorded to enable the consistent coding of potential moderator 
variables.
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Method

Sample o f study effects

Experiments were only included if they assessed observer rats' tendency to respond in the 

same direction as their demonstrator after visual exposure to a demonstration session in 

which there was a contingency between demonstrated responses and an outcome. 

Documentation for experiments for which this criteria was met, for at least some of the 

groups of observers, was retrieved from a set of records maintained at University College 

London which describes the bidirectional control experiments conducted by Heyes and 

associates. This set of records included all those for experiments conducted by the author 

during his PhD studentship, and all those that were available for experiments conducted by 

other investigators from the first bidirectional control experiment (Heyes & Dawson, 1990, 

conducted in December 1988) until the end of 1995^ Thus, the sample of experiments that 

were included covered the first seven years of research using the bidirectional control 

procedure, and the selection of these experiments was not biased to include only published 

findings. This avoids "the file drawer problem": When only published findings are retrieved, 

the average effect size is often an overestimation of the magnitude of an effect because 

publication biases favour statistically significant findings (see, e.g.. Smart, 1964; Smith, 

1980).

Some experiments that were conducted in the surveyed time range could not be included. 

One experiment did not meet the criterion that observers were to be exposed to a 

demonstration session in which an outcome was contingent upon demonstrators responses 

(JS36, published as Heyes et al., 1993). In JS36, demonstrator-consistent responding was 

found to be inhibited when observed joystick pushes were followed by the omission of an 

appetitive reinforcer. Five further experiments could not be included because insufficient 

information was documented: In two of these cases (JS9a, IS 14) no data were present in the 

experimental record, and in each of the remaining three cases (JS9, JS34, JS38) there was

^The experiment reported by Reed et al. (1996) met these criteria, but was not 
included because it came to my attention after completing the meta-analysis. 
Experimental records were not available for four study numbers (IS 15, JS30, JS31 & 
JS69), but it is unclear whether these studies were conducted.
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not sufficient procedural information to interpret the data which were available. In addition, 

one experiment (JS72) was excluded because the investigator reported a serious bias in the 

equipment.

A total of 103 experiments remained. Several of these experiments examined demonstrator- 

consistent responding more than once. In some cases, the whole sample of rats was 

subjected to more than one test. For example, in JSl (Heyes & Dawson, 1990) observers 

were subjected to a NDR test first, followed by a Reversal test, and then an Extinction test. 

When the animals' treatment in preceding tests was counterbalanced for each test, the results 

o f each test were treated here as being conceptually independent evaluations of a 

demonstrator-consistent responding tendency. However, for the majority of cases in which 

demonstrator-consistent responding was examined more than once, the direction in which 

a demonstrator pushed the joystick was one factor in a between subjects factorial design; i.e., 

different animals were tested under different conditions. For the meta-analysis, each 

comparison was treated as being conceptually independent, although they occurred within 

the same experiment. Thus, an experiment such as JS32 (Heyes et al., 1992, Experiment 2) 

in which groups of observers were exposed to either a left pushing or a right pushing 

demonstrator, but were tested either with the joystick in its original position (standard 

condition) or in a new position within the test chamber (joystick-transfer condition), 

contributed two estimations of the magnitude of a demonstrator-consistent responding effect, 

one for each type of testing condition. Therefore, the units of analysis that were averaged 

for the estimation of effect size were the evaluations of demonstrator-consistent responding 

that can be considered to be conceptually independent (see also Ucros, 1989, for the 

application of a similar approach). These units of analysis are described within this chapter 

as "study effects". A total of 165 study effects were yielded from the 103 experiments 

selected for consideration. Three of these study effects were excluded from the meta-analysis 

because they did not meet the minimal inclusion criteria: observers were not visually exposed 

to a demonstration session in which there was a contingency between demonstrated 

responses and an outcome^. Therefore, 162 study effects remained.

^The excluded study effects came from the following experiments: JS40 (reported as 
Heyes, Jaldow & Dawson, 1994; no outcome condition), JS65 (unpub.; non
contingent food delivery during demonstration), and MG 18 (Experiment 4, this thesis; 
demonstrations in the dark condition)
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Table 5.1: A summary of types of bidirectional control designs

Short code and 
Description

Group
Names

Reinforced Direction 

Pre-
Treat Treat Test DV Prediction

NDR
Non Differential LEFT L Both L/(L+R) LEFT
Reinforcement test RIGHT R Both > RIGHT

DR
Differential SAME L L D+/(L+R) SAME
Reinforcement test R R >D IFF

DIFF R L
L R

REV
Reversal test NEW L R R D-I-/(L+R) NEW

R L L >O LD
OLD L L R

R R L

EXT
Extinction test SAME L L 0 D+/(L+R) SAME

R R 0 >D IFF
DIFF L R 0

R L 0

TRAN
Transfer test following conditional discrimintation training.
Procedures reported in full in Chapter 6.

offB
Shift from baseline LEFT Both L Both L/(L+R)pre LEFT

RIGHT Both R Both - L/(L+R)post > RIGHT

NoTrain_X
Extinction test LEFT L 0 L/(L+R) LEFT
without pretraining RIGHT R 0 > RIGHT

Notes. For each group tested under each type of design the following information is 
presented: The direction of joystick pushes for which an observer would be reinforced before 
(Pre-treat) and after (Test) being exposed to a demonstration session; the demonstrated 
direction (Treat); the dependent variable (DV); and the predicted direction of a difference 
between group means expected for demonstrator-consistent responding.
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Recorded variables

For each study effect, several variables were recorded which described the background to the 

experiment and several procedural characteristics. The following information could typically 

be ascertained for each study effect: the date, number of subjects in each group, type of 

design employed, and experimenter that conducted the experiment^. Other factors which 

have varied between experiments, such as the number of sessions of magazine training and 

the age of the observers, were not recorded because they could not be determined with any 

certainty from the sparse records kept for the majority of the unpublished experiments (see 

Footnote 4). Table 5.1 presents a summary of the various types of design that have been 

used in association with the bidirectional control procedure. Each of the study effects fell 

into one of these seven categories of design.

Further data were recorded for each study effect which summarised the extent, and reliability, 

of any demonstrator-consistent responding tendency. This took the form of two additional 

variables. Reliability was summarised by the significance level yielded when the study effect 

was evaluated using a independent t test, represented as the one-tailed standard ilormal 

deviate {z score) associated with the exact p value. The magnitude of the effect, which unlike 

reliability is not sensitive to sample size, was summarised by Hedges' g (Hedges, 1982). This 

effect size estimator is the difference between the means of two treatment groups, 

standardised by being divided by an unbiased estimation of the population variance (the 

pooled standard deviation):

^The majority of study effects could be credited unambiguously to one of five 
investigators (Gardner, Heyes, Jaldow, Mitchell, or Nokes). The remaining study 
effects were assigned to a miscellaneous "Others" category, which included several 
study effects contributed by other investigators (typically student projects), and 
further study effects which could not be credited unambiguously to a single individual 
(but who was most likely to have been Dawson, Heyes or Jaldow).
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Table 5.2: Distribution of effect sizes (g) for the complete sample of study effects

Stem Leaf

E x tre m e s - 1 0 . 7 ,  - 2 . 6 ,  - 2 . 5 ,  - 2 . 0

- 1 s 7
- 1 f 4
- 1 t 22
- 1 * 11
- 0 89
- 0 s 6 7 777777
- 0 f 4 4 4 4 4 4 4 5 5 5 5 5
- 0 t 2 2 2 2 2 3 3 3 3 3 3 3 3 3
- 0 ★ 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 ★ 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1
0 t 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 3
0 f 4 4 4 4 4 4 4 4 4 4 4 4 5 5
0 s 6 6 6 7 7 7 7 7 7 7 7 7
0 88899
1 * 1111
1 t 223333
1 f 4 4 4 4 5 5 5
1 s
1 • 89

E x tre m e s 2 . 2 ,  2 . 4 ,  2 . 4 ,  2 . 6 ,  3 . 0 ,  5 . 2 ,  5 . 5

Table 5.3: Statistics for the complete sample of effect sizes (g)

Maximum 5.50
Quartile 3 (Q^) .66
Median {Q2) .12
Quartile 1 ( g j -.31
Minimum -10.70

.75(& -6 i) .73
SD 1.30

unweighted Mean .19 (95% Cl = -.02, .40)
weighted Mean“ .22

k (number studies) 162.00
N  (total number of observers) 2113.00
n (median number of observers per study) 13.00

proportion positive sign^ .59
Z of proportion positive 2.10 (p = .033, two-tailed)

Combined Stouffer Z 4.30 {p = .00003, two-tailed)
‘'weighted by total number of animals per study effect.
^For 2 studies, g = 0.00, so k=  160
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Results and Discussion

The reliability o f demonstrator-consistent responding, and the 

distribution of effect sizes

Table 5.2 and 5.3 summarise the effect sizes for the complete, somewhat heterogeneous, 

sample of study effects. Effect sizes are greater than zero when there is a demonstrator- 

consistent responding tendency, and less than zero when there is a demonstrator-inconsistent 

responding tendency. In Table 5.2, all 162 effect sizes are represented in the form of a stem- 

and-leaf display which illustrates the distribution of these effect sizes. Table 5.3 displays 

statistics summarising these data. The discrepancy between the value of .75 (g j  - Qi) and 

SD (.8 and 1.3, respectively) suggests that these effect sizes are not normally distributed, 

because the quantity of .75 {Qj - Qj) is similar to that of SD when the distribution of a set of 

scores is normal (Rosenthal, 1991). This might be because the distribution is a little bimodal. 

In addition to the clear frequency peak for effect sizes that are approximately zero (mode = 

0.05, 20 cases), there appears to be a second, smaller, peak for larger effect sizes (mode = 

1.45, 7 cases). This suggests that the effect size of a demonstrator-consistent responding 

tendency might be influenced by more than just random error, and that certain testing 

conditions might result in a relatively large demonstrator-consistent responding effect. An 

evaluation of whether either the type of experimental design employed, or the identity of the 

experimenter has moderated the magnitude of these effect sizes is presented in a later section 

of this chapter.

The stem-and-leaf display presented in Table 5.2 indicates that there is a number of quite 

extreme values. For example, the maximum effect size (5.5; JSl ,  NDR test, reported as 

Heyes & Dawson, 1990) is 4.1 standard deviations from the (unweighted) mean, while the 

minimum effect size (-10.7; JSl 1, unpub.) deviates by 8.4 standard deviation units. In terms 

of number of subjects, the size of the studies yielding the 11 effect sizes categorised in the 

stem-and-leaf display as extreme values were small; the average number of observers 

employed in these studies {Mdn = 8) was small relative to that for the complete sample {Mdn 

= 13). In general, effect sizes for smaller scale studies are thought to be representative of the 

true population effect size less often than those for larger scale studies (see, e.g., Rosenthal,
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1991).

Apart from the mode, measures of the central tendency of these effect sizes suggest that the 

population treatment effect for bidirectional control experiments is a weak demonstrator- 

consistent responding tendency. The unweighted mean, weighted mean, and median effect 

sizes all provide different estimations of the population treatment effect, but aU are in 

agreement that this is small and positive. The difference between the weighted mean (M^= 

.22) and the unweighted mean {M ^  . 19) arises because the former takes the size of the study 

(number of observers) into account. Because smaller scale studies were found to be a more 

variable estimator of a demonstrator-consistent responding effect, the weighted version is 

probably the preferable type of mean in this situation. In comparison to these means, the 

median effect size {Mdn = .12) was found to be small. In contrast to the mean, the median 

is fairly unaffected by the second peak that occurred for larger effect sizes. Thus, the median 

more faithfully represents the central tendency of the main part of the distribution.

The large variability within this sample of effect sizes limits the confidence with which the 

average effect size, measured by any of the indices of central tendency, is taken to represent 

the true extent of a demonstrator-consistent responding effect. Only slightly more than half 

(59%) of effect sizes were in the positive direction, and their standard deviation was large 

relative to the average effect size. This is illustrated by the 95% confidence interval which 

was calculated for the unweighted mean (based upon the number of effect sizes, not the 

number of observers), and found to range from -.02 to .40. The confidence interval could 

be thought of as the precision with which one may pinpoint the population effect size, and 

be confident that this claim would be correct on 95% of occasions in which this was 

attempted for a different random sample of 162 effect sizes drawn from the same theoretical 

population. Thus, the population effect size for demonstrator-consistent responding cannot 

be precisely located with any certainty, and a true effect size of 0.00 cannot be ruled out as 

being unlikely (at the 5% level).

Nonetheless, a demonstrator-consistent responding tendency was found to be statistically 

reliable using the two of types of significance tests most commonly employed in meta

analyses (Rosenthal, 1991). The first of these tests is the vote counting method advocated 

by Hedges and Olkin (1980). Under the null hypothesis, 50% of the effect sizes should be
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Figure 5.1: Boxplot of effect size by the seven categories of experimental design. Boxes 

contain the 50% of effect sizes between Quartiles 1 and 3; the central bar represents the 

median; whiskers extend to the highest and lowest values, excluding outliers and extreme 

values; outliers (circles) are between 1.5 and 3 box lengths from the box. Three extreme 

values (more than 3 box lengths from the box), which are not illustrated, were produced by 

the NDR test (-10.7, 5.2, 5.5). "NDR", non differential reinforcement test; "DR", differential 

reinforcement test; "REV", reversal test; "EXT", extinction test; "TRAN", transfer test 

following conditional discrimination training; "offB", shift from baseline; "NoTrain_X", 

extinction test without pretraining.
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positive (suggesting demonstrator-consistent responding), and 50% of the effect sizes should 

be negative (suggesting demonstrator-inconsistent responding). In fact, as was noted above, 

59% of the effect sizes were positive. Using the binomial test, this proportion was found to 

have been unlikely to have resulted from chance alone, Z = 2.1, p = .033. Thus, any 

numerical difference between groups means found for a bidirectional control experiment is 

more likely to be in accordance with a demonstrator-consistent responding tendency than a 

demonstrator-inconsistent responding tendency.

A different approach was taken for the second significance test. Rather than testing for 

significance on the basis of 162 study effects, this approach takes the subject as the unit of 

analysis (7V= 2113). When the findings of the sample of study effects were combined using 

the Stouffer method (see, e.g., Rosenthal, 1991), observers' tendency to respond in the same 

direction as that of their demonstrator was found to be highly significant, Z = 4.3, p < 

.00003. This result suggests that a demonstrator-consistent responding tendency occurs in 

bidirectional control tests which is detectable when data is pooled to approximate a large 

sample of observers. The discrepancy in the confidence with which the Stouffer and vote 

counting methods indicate a demonstrator-consistent responding tendency could be 

accounted for if bidirectional control tests are not sensitive enough to reliably establish 

demonstrator-consistent responding effects with the sample sizes that have typically been 

used. The sensitivity of bidirectional control tests is examined in a later section.

Exploring a moderating role for either design type or experimenter

Figure 5.1 displays a boxplot of effect sizes by the seven categories of experimental design. 

This indicates that by far the most commonly used design was the NDR test (« = 123 effect 

sizes), followed by the DR {n = 14) and Extinction (« = 11) tests. Of these most used 

designs, the average effect size for the Extinction test was greatest {Mdn = .36), although it 

was not much larger than that for either the NDR {Mdn = .16) or the DR {Mdn = .12) tests, 

given the variability of the effect sizes. The less frequently used experimental designs 

resulted in smaller average effect sizes. However, no evidence was found to suggest that 

the magnitude of an effect size was influenced by design type, Kruskal-Wallis, ^ (6 )  = 4.4, 

p = .62. Consequently, it may not be concluded from this comparison of the sensitivity of 

different types of design that any particular type of design is especially sensitive and should
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Figure 5.2: Boxplot of effect size by experimenter. Boxes contain the 50% of effect sizes 

between Quartiles 1 and 3; the central bar represents the median; whiskers extend to the 

highest and lowest values, excluding outliers and extreme values; outliers (circles) are 

between 1.5 and 3 box lengths from the box; extreme values (asterisks) are more than 3 box 

lengths from the box. Two outliers (5.2, 5.5) from the "Others" category, and one extreme 

value (Heyes, -10.7) are not presented illustrated.
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be used in any future efforts to demonstrate demonstrator-consistent responding using the 

bidirectional control method.

A boxplot of effect size by experimenter is presented in Figure 5.2. Figure 5.2 indicates that 

the largest average effect size occurred for the catchall "others" category {Mdn = .45), 

although effect sizes were also most variable for this category. There was very little 

difference in the average effect size for the other five categories for which the identity of the 

experimenter was unambiguous (ranging from Heyes, Mdn = .15, to Mitchell, Mdn = -.15). 

When differences in effect size across the six experimenter categories were examined using 

a Kruskal-Wallis test, no evidence was found to suggest that the magnitude of an effect was 

affected by the experimenter conducting the experiment, % (̂5) = 7.0, p  = .22. Therefore, the 

experimental findings reported in the present thesis are unlikely to be especially "bad" (small 

average effect size).

Re-estimation of effect size for a homogeneous subsample of study 

effects y and the sensitivity o f bidirectional control procedures

The final part of this meta-analysis provides an assessment of the sensitivity of the 

bidirectional control method. It has already been shown that demonstrator-consistent 

responding is statistically significant. Thus, in principle, such an effect is detectable. 

However, the low proportion of reliable demonstrator-consistent responding effects in the 

experiments under review might indicate that bidirectional control tests are not especially 

sensitive: A demonstrator-consistent responding effect may tend not to be measurable in 

practice, at least when samples of a modest size are employed. In order to examine the 

sensitivity of bidirectional control methodology, the following steps were taken. First, a 

homogeneous sample of study effects was isolated from the initial sample. It was intended 

that, as well as being more homogeneous than the overall sample, this subsample should be 

representative of the paradigmatic procedure conventionally used in attempts to demonstrate 

imitation in rats through the use of a bidirectional control method. Second, the true effect 

size for this conventional procedure was estimated by averaging the effect sizes for the 

subsample. And third, a power analysis was conducted to assess the sensitivity of this 

procedure.
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Table 5.4: Permitted procedural manipulations and excluded testing conditions for the 
homogeneous subsample.

Permitted
Manipulations

Amount of magazine training 
(number of sessions, number of pellets per session)

Previous experimental experience of observers 
Housing conditions of observers

(with demonstrators, without demonstrators)
Habituation of observers to observation context 
Size of joystick deflection necessary to register response 
Requirement for demonstrator to hold the joystick 

in a deflected position to register a response 
Type of joystick

(weights, spring loaded, elastic bands, magnetic; various lengths) 
Type of demonstrator training
Demonstrated response - reinforcer intervals of .25sec or less

Excluded Joystick-transfer test (3 locations)
conditions Depositing demonstrator responded in opposite direction

to observed demonstrator 
Demonstration - test delay (Ihr, 24hr)
Multiple demonstration sessions
Shortened demonstration session (20 reinforced responses) 
Lengthened demonstration session (100 / 150 reinforced responses) 
Demonstrated response - reinforcer interval 1 sec or greater 
Demonstrated response followed by food alone (tone absent)
Demonstrated response followed by tone alone (food absent)
Different orientation of animals during demonstration 

(observer watched over demonstrator's shoulder)
Female demonstrators 
Non-proficient demonstrators
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Table 5.5: Distribution of effect sizes (g) for the homogeneous subsample of study effects.

Stem Leaf

E x tr em es - 1 0 . 7

- 1 7
- 1 ★ 124
- 0 555679
-0 ★ 0 0 1 1 1 1 1 1 1 2 2 2 2 3 3 4 4

0 ★ 0 0 0 0 0 1 2 2 2 2 3 3 3 3 3 4 4 4 4 4
0 5 6 7 7 7 7 8 8 9 9
1 * 1 2 2 3 3 4 4 4 4
1

E x tr em es

9

2 . 4 ,  2 . 6 ,  3 . 0 ,  5 . 2 ,  5 . 5

Table 5.6: Statistics for the homogeneous subsample of effect sizes (g)

Maximum 5.50
Quartile 3 (g^) .82
Median {Qj) .27
Quartile 1 (Ôi) .21
Minimum -10.70

7 5 (& -6 .) .80
SD 1.80

unweighted Mean .30 (95% Cl = -.11, .71)
weighted Mean“ .35

k (number studies) 73.00
N  (total number of observers) 942.00
n (median number of observers per study) 13.00

proportion positive sign .62
Z of proportion positive 1.90 (p = .061, two-tailed)

Combined Stouffer Z 4.40 ip = .00003, two-tailed)

Weighted by total number of animals per study effect.
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The subsample of study effects was constrained as follows, in order that it may be 

representative of paradigmatic testing conditions. In the conventional bidirectional control 

procedure (e.g., Heyes & Dawson, 1990), magazine trained observer rats are exposed to a 

single demonstration session in which a demonstrator makes 50 responses in a single 

direction, before being exposed to the joystick and subjected to a NDR test. Each 

demonstrated response is followed with the presentation of a tone, and the delivery of food 

to the demonstrator. Only studies which employed these procedural features were selected. 

In addition, study effects were excluded from the new sample if they utilised some of the 

more rarely used testing conditions, such as the joystick-transfer test. However, some minor 

procedural variations were permitted. Table 5.4 details the permitted procedural 

manipulations, and excluded testing conditions, for the homogenous subsample.

A total of 73 study effects were found to satisfy the above criteria, and their effect sizes are 

summarised in Table 5.5 and 5.6 in a similar manner to those for the complete sample. 

Although the unweighted mean, weighted mean and median of these effect sizes all provided 

different estimations of the population treatment effect for a conventional NDR experiment, 

all three are in agreement that this is approximately .3, slightly higher than the equivalent 

estimations for the entire sample of study effects. The weighted mean {M^ = .35) estimates 

this to be of greater magnitude than either of the other two measures of central tendency 

presented in Table 5.4 (M„ = .30, Mdn = .27), and is probably the most preferable measure 

because it takes size of study into account. However, the large variability in this sample of 

effect sizes limits the certainty with which the weighted mean, or any other of these measures 

of central tendency, can be taken to represent the size of the population effect. Again, this 

can be illustrated by the 95% confidence intervals around the unweighted mean (-.11 to .71). 

These confidence intervals not only indicate that a small demonstrator-inconsistent 

responding bias cannot be ruled out, they also indicate that a population effect size as large 

as .71 cannot be taken to be unlikely (at the 5% level). The upper confidence interval is 

important in an evaluation of the sensitivity of the conventional NDR procedure because it 

effectively specifies the largest effect size which might be attributed to a demonstrator- 

consistent responding tendency measured in this way, and, thus, the most favourable state 

of the world for this procedure which is, statistically, tenable.
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Table 5.7: Results of power analysis for the conventional bidirectional control procedure.

Estimate of effect size 8
Power
(16 per group)

n per group 
(for 80% power)

Best
(weighted mean) .35 16% 130

Most favourable, yet plausible
(upper 95% confidence interval) .71 49% 33

157



Both the best estimate (weighted mean), and the most favourable yet plausible estimate 

(upper confidence interval), of the population effect size were subjected to power analysis. 

Results of these power analyses which indicate the sensitivity of the conventional NDR 

procedure are summarised in Table 5.7. Two measures of sensitivity are provided in Table 

5.7. The first of these is the power when the sample size for a study (number of observers) 

was fixed to the highest commonly used value (16 per group). With this modest sample size, 

the best estimate of the power associated with the conventional NDR procedure was found 

to be 16%; an experimenter would be expected to be able to reject the null hypothesis, 

correctly, once in every six or so experiments conducted with this sample size. In the most 

favourable of situations, this expected hit rate rises to one in two. The second measure of 

sensitivity provided in Table 5.7 is the number of subjects which a power analysis indicated 

would be required in order to detect a given effect size with a reasonable level of power 

(conventionally set to 80%). When the upper confidence interval was used as an estimate 

of true effect size, power analysis was found to recommend the use of 33 observers per 

treatment group in order to detect demonstrator-consistent responding with this level of 

sensitivity using the conventional NDR procedure. This is equivalent to a recommendation 

to run studies twice as large as the largest studies conducted to date. However, for the 

weighted mean, the best estimate of population effect size, 130 observers per treatment 

group was the recommended sample size. In order to detect demonstrator-consistent 

responding with a reasonable level of sensitivity, it would appear that the conventional NDR 

bidirectional control procedure requires unmanageably large sample sizes.

The findings of this meta-analysis of the results of the first seven years of experiments using 

the bidirectional control procedure may be summarised as follows. Initially, the statistical 

reliability of a demonstrator-consistent responding tendency was established; published 

demonstrator-consistent responding effects do not appear to be merely a sampling artefact. 

However, power analyses based upon estimations of the population effect size for the 

conventional bidirectional control procedure revealed that this is not an especially sensitive 

research tool. Furthermore, no evidence was found that the strength of a demonstrator- 

consistent responding tendency was influenced by either the type of bidirectional control 

design, or the person conducting the experiment. On the basis of these findings, it would 

seem that the bidirectional control method is not sufficiently sensitive to be of practical use 

in the investigation of imitation.
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CHAPTER

6
Attempts to train

demonstrator-consistent directional responding in rats

In Chapter 6, the results of two experiments are reported which applied a training 

methodology to the problem of establishing demonstrator-consistent responding effects in 

rats tested within a bidirectional control procedure. The rationale for adopting a training 

methodology follows from the re-analysis of earlier training studies that was presented in 

Chapter 2. In Chapter 2, it was proposed that experimental findings that appear to indicate 

a trained tendency for animals to match observed behaviours (e.g., Church, 1957a, 1957b; 

Miller & Dollard, 1941; Solomon & Coles, 1954; Stimbert, 1970) have been prematurely 

dismissed as having resulted from a non-imitative process (matched dependent behaviour). 

It was further proposed that training studies might evaluate a competence to imitate more 

sensitively than procedures that are primarily designed to measure, or "trap" (Heyes, 1993b), 

a spontaneous tendency to imitate. Thus, the experiments reported in this chapter, in contrast 

to those employing the NDR procedure (see Chapter 5), might have the potential to detect 

demonstrator-consistent responding with sufficient sensitivity to be of practical use as a test 

of imitation.

E x p e r i m e n t  8 : t r a i n i n g  s t u d y  I

The procedure which was adopted in Experiment 8 was comprised of two phases: 

acquisition, during which rats were subjected to a type of conditional discrimination training, 

and a transfer test, which followed the end of the acquisition phase. During acquisition 

training, observer rats were subjected to a series of response discrimination problems. Each 

response discrimination problem was a single differential reinforcement (DR) session in which 

joystick pushes in only one direction were reinforced. The direction of responding that was
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reinforced alternated across daily training problems.

Observers were also presented with a series of demonstration sessions during acquisition 

training, one immediately preceding each response discrimination problem. In these 

demonstration sessions, the joystick could be observed to be pushed only in a single 

direction, and this demonstrated direction was related, consistently, to the direction which 

would be reinforced during the DR session that followed. Thus, the observed direction of 

joystick pushing could potentially have served as a conditional cue indicating the direction 

of joystick pushing which would be reinforced. Half of the observers (Group SAME) were 

trained to make demonstrator-consistent responses. For them, the observed direction was 

the same as that which was reinforced during the response discrimination problem that 

followed. The remaining observers (Group DIFF) were trained to make demonstrator- 

inconsistent responses. For these animals, the observed direction was different to that which 

was reinforced during the response discrimination problem that followed.

One final response discrimination problem, which immediately followed the end of acquisition 

training, constituted a transfer test. There were two transfer treatments. These differed in 

the extent to which exposure to a demonstration session would continue to provide a reliable 

cue to the direction of responding reinforced in the final problem. For the "DIRECT" 

condition, a predictive relationship was maintained, while for the "REVERSED" condition 

the contingency between the direction of observed and reinforced responses was switched 

for the transfer test.

The acquisition training phase of Experiment 8 was based on the general approach that was 

developed by Miller & Dollard (1941). In both procedures, rats were trained by the 

differential reinforcement of behaviour which was either the same or different to that of a 

demonstrator. The comparison between Groups SAME and DIFF was maintained in 

Experiment 8 in order to examine any potential facilitation of training for Group SAME 

which might arise from a spontaneous, untrained, tendency to reproduce observed 

movements (see Chapter 2, Section 2.2). If the observed direction of responding had simply 

become a discriminative stimulus influencing the timing of joystick responses in either 

direction, and observers were not sensitive to the correspondence between their own 

responses and those which were observed, a difference would not be expected to occur
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between Groups SAME and DIFF in the rate of improvement over problems.

The method adopted in Experiment 8 differed from that used by Miller & Dollard, not only 

in the use of a transfer test to provide evidence of a trained tendency for demonstrator- 

consistent responding®, but also in a number of procedural respects. One notable procedural 

change resulted from the different apparatus that was used for the two experiments. In Miller 

and Dollard's experiment, observers were permitted to make only one response after each 

demonstration, and it was this single response that was differentially reinforced. However, 

in Experiment 8, observers were differentially reinforced for responses made in short sessions 

which followed a demonstration because the free-operant bidirectional control procedure, 

unlike Miller and Dollard's T-maze, was unsuited to the restriction of observers to the 

execution of only a single response.

A second procedural difference was that in Experiment 8 conditional discrimination training 

was incorporated within a serial response reversal procedure. For each observer in this 

experiment, the direction of responding that was differentially reinforced was alternated 

across daily training problems, while in Miller and Dollard's procedure the reinforced arm 

changed according to an irregular sequence. Although observers might be expected to be 

able to use the direction that was reinforced on the preceding problem as a reliable cue to the 

direction reinforced on their present problem when problems are changed in a fixed 

alternating sequence, the findings of experiments investigating the learning of serial reversals 

of a visual discrimination suggests that when reversals take place between daily problems, 

rats are unlikely to be able to exploit such a cue (Mackintosh, McGonigle, Holgate & 

Vanderver, 1968).

The transfer test provides a means of examining a trained tendency for demonstrator- 

consistent responding that is not contaminated by any improvement due to serial response 

reversals. Transfer groups' mean performance should not tend to differ as a result of 

improvement due to serial response reversal because they each were provided with an 

equivalent amount of reversal training. However, if observers had acquired a tendency to

®Here, a trained tendency for "demonstrator-consistent" behaviour should be taken to 
include a trained tendency for demonstrator-inconsistent behaviour too.
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make directional responses on the basis of information provided by demonstration sessions, 

then those subjected to a DIRECT transfer test would be expected to make fewer 

unreinforced responses than those subjected to a REVERSED transfer test. Following 

Mackintosh et al. (1968), the number of unreinforced responses (or "errors") can provide two 

measures of improvement in performance, and the transfer treatment might be expected to 

have an influence on either or both measures. These measures are the total number of errors 

within a problem, which is thought to be primarily an indicator of changes in within-problem 

behaviour, and the number of errors before the first correct response or "initial errors".

Method

Subjects and Apparatus

The subjects were 24 male hooded Lister rats, obtained from the same supplier, maintained 

under the same conditions, and of approximately the same age as those from Experiment 1. 

O f these, 8 served as demonstrators, and had performed the same role in an earlier 

experiment. The other 16, which served as observers, had been magazine trained and 

subjected to a NDR test for imitation using similar apparatus to those used in the present 

experiment, but no attempt had been made to train them to reproduce observed movements. 

The apparatus were identical to those used in Experiment 1.

Procedure

Each observer was first provided with two daily "top-up" magazine training sessions, in each 

of which 20 food pellets were delivered on a RT 60 sec schedule, in order to familiarise them 

with the operations of the operant chamber in which they would be trained and tested. On 

the following day, the joysticks were introduced into the operant chambers and the observers 

received a single NDR session in which a total of 50 responses, in either direction, were 

reinforced. This session was intended solely to measure observers' directional preferences 

which may have become established during their previous exposure to a joystick, and was not 

preceded by an opportunity to observe demonstrator responses. Observers' directional 

preferences were used to assign the animals to groups, as described below. The observers
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were then provided with 13 response discrimination problems, one each day, with each 

problem preceded by exposure to a demonstration session in which a demonstrator was 

rewarded for responses in a single direction. Each response discrimination problem 

comprised a single differential reinforcement (DR) session that was terminated when 50 

remforcers had been delivered. The direction reinforced was alternated across problems, thus 

resulting in 12 reversals.

The first problem, and the first 11 reversals which followed, constituted acquisition training. 

Transfer performance was assessed during the final reversal. Throughout each observer's 

acquisition training, a consistent relationship was maintained between the observed direction 

of demonstrator responding and the direction of responses that were reinforced on the DR 

session that followed. This was achieved by exposing observers to demonstrators trained to 

respond to the left and to the right alternately. The direction in which observers' joystick 

responses were reinforced on the first problem was counterbalanced; half the observers 

received reinforcement for joystick responses to the left, while right responses were 

reinforced for the rest of the observers. Where possible, animals were assigned to 

counterbalancing treatments against their directional preference. For example, observers for 

which right responses were reinforced during their first problem tended to have made more 

left responses than right responses in the NDR session.

Two factors, each with two levels, were factorially manipulated between subjects, resulting 

in four groups. Observers were assigned to groups, and rehoused into home cages containing 

4 animals from the same group, immediately after the single NDR session which assessed 

their directional preferences. The relationship between the observed direction of 

demonstrator responding and the direction of responses that were reinforced on the DR 

session that followed was manipulated between subjects. For those observers assigned to 

groups in which the first coding term was "SAME" (Groups SAME-DIRECT and SAME- 

REVERSED), the direction reinforced during demonstration sessions and DR sessions was 

alternated in phase; observers' left responses were reinforced in sessions that followed 

exposure to a left responding demonstrator, and right responses were reinforced in sessions 

following exposure to right responses. For the remaining observers, those assigned to groups 

in which the first coding term was "DIFF " (Groups DIFF-DIRECT and DIFF-REVERSED), 

the direction reinforced during demonstration sessions and DR sessions was alternated out
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of phase; observers' left responses were reinforced in sessions that followed demonstration 

o f right responses, and right responses were reinforced after left responses were 

demonstrated. Observers' directional preference data were also used to match, as far as was 

possible, the tendency of animals assigned to the SAME and DIFF treatments to respond in 

the direction reinforced for the first problem. The mean proportion of responses in the 

direction to be reinforced on the first response discrimination problem made by observers 

assigned to each group (with standard deviations in parentheses) were: Group SAME = 0.40 

(0.17) and Group DIFF = 0.37 (0.11).

The reliability with which the observed direction of demonstrator responding predicted the 

direction of responses that were reinforced on the transfer test session was also manipulated 

between subjects: Half the observers that were subjected to each of the acquisition training 

treatments were randomly assigned to each transfer testing treatment. For half the observers, 

a predictive relationship continued for the transfer test; SAME acquisition groups continued 

to receive a demonstration of the direction which would be reinforced on test, while for DIFF 

acquisition groups the test session was preceded by a demonstration of the opposite direction 

of joystick movement. These observers were assigned to groups with the second coding term 

"DIRECT" (Groups SAME-DIRECT and DIFF-DIRECT). For the rest of the observers, 

which were assigned to groups with the second coding term "REVERSED " (Groups SAME- 

REVERSED and DIFF-RE VERSED), a misleading relationship between the direction 

demonstrated and that which would be reinforced on test was introduced for the transfer test. 

Thus, for the first time, SAME acquisition groups were provided with a demonstration of 

responses in the opposite direction to that which would be reinforced on test, and DIFF 

acquisition groups were able to observe responses in the same direction to that which would 

be reinforced on test.

Results and Discussion

Acquisition

Throughout their acquisition training, observers received demonstration sessions in which 

there was a high level of discriminatory responding. The mean number of the 12
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Figure 6.1: Mean total errors (number of responses in the unreinforced direction) per 

reversal for both groups from Experiment 8. "SAME", observers rewarded for making the 

same responses as their demonstrators; "DIFF", observers rewarded for making a different 

response to that of their demonstrators.
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demonstration sessions in which observers were exposed to perfect discrimination was 10.6, 

and no observer received less than 9 perfect demonstration sessions. In the 22 remaining 

demonstration sessions, demonstrators made a mean of 1.3, and no more than 3, responses 

in the untrained and unreinforced direction.

Figure 6.1 displays the group-mean total errors per reversal for Groups SAME and DIFF, 

with the unusual data from one animal removed. The total errors measure was the total 

number of responses made in the unreinforced direction by an observer. Although initial 

inspection of the data revealed a great deal of variance in total errors, the 5 most unusual 

observations (2.59 ^ \Z\ £ 3.69) were found to have been due to one animal assigned to 

Group SAME. Therefore, total errors made by this animal were excluded from all analyses 

of total errors, and from the data presented in Figure 6.1. Also, data from both levels of the 

counterbalancing variable were collapsed for Figure 6.1 because there was no indication that 

the direction reinforced during the initial problem influenced the pattern of total errors.

Figure 6.1 suggests that total errors tended to decline across sessions, although there 

appeared to be no clear difference between Groups SAME and DIFF. Total errors also 

appeared to oscillate with a period of 2 reversals; mean total errors were greater during odd 

numbered reversals for Group SAME, and during even numbered reversals for Group DIFF. 

To test these impressions, data from the first 10 reversals were considered to have come from 

5 blocks of two reversals (i.e., each block contains one odd and one even reversal), and then 

subjected to a four factor mixed ANC VA of acquisition group x initial direction reinforced 

X  reversal block x position within blocks (i.e., 1st or 2nd reversal within a reversal block). 

This revealed a main effect of reversal block, F(4,44) = 5.11, p  = .0018, but no main effects 

of: acquisition group, F (l, 11) = 2.04, p = .1809, initial direction reinforced, F ( l , l l )  = 1.51, 

p = .2450, or position within blocks, F  < 1. The effect of reversal block suggests that the 

acquisition training resulted in an improvement in within-problem performance across 

reversals, but does not indicate whether this resulted only from the serial response reversal 

training, or whether observational experience played a role.

The only interactions which reached statistical significance involved the position within 

blocks factor. They were those between reversal block and position within blocks, F(4,44) 

= 3.56, p  = .0134, and between acquisition group and position within blocks, F ( l , l  1) = 5.52,
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Figure 6.2: Mean initial errors (number of responses in the unreinforced direction until the 

first response in the reinforced direction) per reversal for both groups from Experiment 8. 

"SAME", observers rewarded for making the same responses as their demonstrators; "DIFF", 

observers rewarded for making a different response to that of their demonstrators.
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p -  .0386. Only the latter interaction, which suggested the nature of the reversal-pair 

oscillations was dependent upon acquisition group membership, was examined further using 

single effects^. For Group SAME, more total errors tended to be made during odd reversals 

than during even reversals, F (l,6) = 6.17, p  = .0475. Although the mean number of total 

errors made by Group DIFF was less during odd reversals than during even reversals, this 

difference did not reach statistical significance, F(l,7) = 1.71, p  = .2324. The effect of 

position within blocks for those animals assigned to Group SAME could be explained as an 

overall directional preference for the direction reinforced during even numbered reversals. 

An animal's preference for one direction might occur as a result of incomplete reversal across 

problems. However, a preference for the direction reinforced during even numbered 

reversals is not equivalent to a preference for a direction absolutely defined, e.g., "left". This 

is because the direction reinforced on the initial problem was counterbalanced. Therefore, 

for half the observers from Group SAME the direction reinforced on even numbered 

reversals was "left", while for the remainder this was "right". Nevertheless, that such a 

preference should depend on acquisition group is difficult to interpret, and may be due to 

sampling error.

Since there was no reliable interaction between acquisition group and reversal block, this 

analysis of total errors provided no evidence to suggest that the observers were sensitive to 

the correspondence between observed responses and those which they executed themselves.

Figure 6.2 displays the group-mean initial errors per reversal for Groups SAME and DIFF. 

The initial errors measure was the number of responses in the unreinforced direction made 

by an observer from the start of a session until the first response was made in the reinforced 

direction. Initial inspection of these data revealed that there was also a great deal of variance 

in initial errors, but neither the animal excluded for the analysis of total errors nor any other 

animal consistently contributed the most unusual observations so no animal was excluded

^The interaction between acquisition group and position within blocks was in the same 
direction throughout the ten reversals that were subjected to analysis. In contrast, the 
nature of the interaction between reversal block and position within blocks was unclear. 
The latter interaction involved total errors for both acquisition groups combined.
Because there appeared to be a tendency for a cross-over interaction between acquisition 
group and order within blocks, it would be inappropriate to interpret an effect which is 
based upon the averaging of data from both acquisition groups.
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Figure 6.3: Mean total errors (number of responses in the unreinforced direction) during 

transfer for all groups from Experiment 8. "SAME", observers rewarded for making the 

same responses as their demonstrators; "DIFF", observers rewarded for making a different 

response to that of their demonstrators; "Direct", contingeny maintained; "Reversed", 

contingency switched. Error bars represent SEM.
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from the data presented in Figure 6.2 or the analysis of initial errors that follows. Again, the 

data from both levels of the counterbalancing variable were collapsed for Figure 6.2, because 

there was no sign that the direction reinforced during the initial DR session influenced initial 

errors.

Figure 6.2 illustrates a large extent of variability in mean initial errors, with no clear pattern 

of treatment differences. When initial errors were subjected to a four factor mixed ANOVA 

of acquisition group x initial direction reinforced x reversal block x position within blocks, 

no statistically significant differences were found for any factor (acquisition group, F<1; 

initial direction reinforced, F(l,12) = 2.69, p  = .1266; reversal block, F<1; order within 

blocks, F(l,12) = 1.42, p  = .2567) or in te ra c tio n T h u s , the analysis of initial error data 

provided no evidence for an improvement in performance at the beginning of training 

problems across reversals, nor evidence to suggest that observers were sensitive to the 

correspondence between observed responses and those that they themselves executed.

Transfer

One observer's demonstrator faded to complete 50 reinforced responses in the demonstration 

session that preceded its transfer test session. The transfer test data from this observer, 

which was the rat from Group SAME-DIRECT that had been excluded from the analysis of 

total errors during acquisition, was excluded from the following analyses. Perfect 

discrimination occurred in all but 3 of the 15 completed demonstration sessions. In the 

remaining 3 sessions, 1 observer from each of Groups SAME-REVERSED and DIFF- 

RE VERSED could have observed its demonstrator make one unreinforced response, and 

another observer, from Group DIFF-DIRECT, was exposed to four unreinforced responses.

Figure 6.3 displays the group-mean total errors made on the transfer test problem by 

observers from each group. The mean number of total errors for DIRECT transfer groups 

was clearly less than those for REVERSED transfer groups only in the half of the design in 

which the acquisition treatment was DIFF. The data for the whole sample were subjected

'°A similar absence of effects was found when this analysis was repeated with the data 
from the outlier (on the basis of total errors) animal excluded.
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Figure 6.4: Mean initial errors (number of responses in the unreinforced direction until the 

first response in the reinforced direction) during transfer for all groups from Experiment 8. 

"SAME", observers rewarded for making the same responses as their demonstrators; "DIFF", 

observers rewarded for making a different response to that of their demonstrators; "Direct", 

contingeny maintained; "Reversed", contingency switched. Error bars represent SEM.
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to a 3 factor ANOVA of test condition x acquisition group x initial direction reinforced which 

revealed no statistically significant main effects (test condition, F -  1.46, p = .2654; 

acquisition group and initial direction reinforced, Fs < 1) or interactions.

Re-inspection of the acquisition training data suggested that the total errors made at the end 

of training by the transfer testing groups may not have been equal. To examine further the 

potential confounding role of performance at the end of training, total error data on the test 

session were subjected to an analysis of covariance (ANCOVA) with test condition and 

acquisition group as factors and the total errors made on reversal 10 as a covariate^'. While 

this confirmed that neither of the treatment effects nor their interaction were statistically 

significant (test, F(l,10) = 1.34, p  = .2744, acquisition and interaction, Fs<l), total errors 

on the tenth reversal was not found to covary with total errors during the test problem either, 

F (l,10) = 1.67, p = .2248. Therefore, the transfer test failed to provide evidence, as 

measured by within session performance, that demonstrator-consistent responding resulted 

from acquisition training, but the foregoing analysis suggests that a better procedure for 

subject assignment to transfer conditions would have been to match animals on the basis of 

their performance at the end of training.

Figure 6.4 displays the group-mean initial errors made during the test session by observers 

from each group. The difference in the mean number of initial errors between direct and 

reversal transfer groups can be seen, in Figure 6.4, to be in the predicted direction, and of a 

similar magnitude, for groups exposed to both types of acquisition training. However, there 

was also considerable variance within groups. When these data were subjected to a 3 factor 

ANOVA of test condition x acquisition group x initial direction reinforced, no statistically 

significant main effects (all Fs < 1) or interactions were found.

The influence that observers' level of performance at the end of acquisition training may have 

had on their transfer test session performance was evaluated for initial errors in a similar 

manner to the analysis performed on total errors. When initial errors made on the transfer 

test session were subjected to an ANCOVA, with test condition and acquisition group as

‘ ‘Reversal 10, rather than reversal 11, was used as the covariate because the test problem 
took place on reversal 12, and total errors were earlier found to be influenced by whether 
the reversal was odd or even.
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factors, and the initial errors made on reversal 10 as a covariate, initial errors on reversal 10 

was found to covary with initial errors made on the test session, F (l,1 0 )=  12.17,/? = .0058, 

but neither of the factors (testing, F<1, acquisition, F(l,10) = 1.27, p  = .2855), nor their 

interaction (F<1) were statistically significant.

In summary, the results of Experiment 8 provided no evidence that the observers were 

sensitive to the correspondence between observed and executed movements, nor that, as a 

consequence of training, they came to use information from their demonstration sessions in 

any other way. Although evidence was found for improvement in within-problem 

performance across reversals, as measured by total errors, this could have been due to serial 

response reversal training and information from demonstration sessions need not have played 

a role. However, the finding that there was some oscillation of total errors across reversals 

suggests that complete, or a consistently high level of, reversal may not have occurred 

throughout training. In addition, the random assignment of subjects to independent transfer 

conditions did not control for variation in the level of performance reached at the end of 

training, which was shown, in the case of initial errors, to account for some of the variance 

in initial errors during transfer.

E x p e r i m e n t  9 : T r a i n i n g  s t u d y  I I

Experiment 9 was designed as a further attempt to provide evidence for a demonstrator- 

consistent responding effect through the use of a training-to-imitate approach. The 

procedure adopted in the present experiment differed from that used in Experiment 8, both 

in terms of the differential reinforcement sessions included for each problem, and the type of 

transfer test used.

Two changes were made to the procedure through which differential reinforcement training 

was administered during each reversal problem, in order to ensure that a relatively high level 

of discriminative responding had been reached prior to reversal. One of these changes was 

the introduction of a penalty for responses in the unreinforced direction. If, in Experiment 

8, observers had shown some tendency alternate, i.e., to follow a response in one direction
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with a response in the opposite direction, a fairly high level of reinforcers could be obtained 

for each problem, irrespective of the direction that was currently being reinforced. This 

might result in a response unit comprising responses in both directions becoming associated 

with reinforcement. To prevent alternation in their experiment. Miller & Dollard punished 

incorrect responses by striking rats' faces. In other maze experiments, rats have been 

punished for making incorrect responses by being constrained for a period of time in a goal 

arm where no food is available. In Experiment 9, unreinforced responses were punished by 

a short "time-out" period in which responses in neither direction were reinforced.

The other change made to the differential reinforcement training provided for each problem 

was that a criterion of 80% of responses in the reinforced direction, over 50 consecutive 

responses, had to be met before reversal to a new problem. This is comparable to the 90% 

accuracy reversal criterion used by Mackintosh et al. (1968). If, on any training session, this 

criterion was not reached, further daily differential reinforcement sessions were provided 

within the same problem.

Transfer was assessed in Experiment 9 following a within subjects design, rather than the 

between subjects procedure used in Experiment 8. The relationship between the observed 

and reinforced direction of responding, which remained the same throughout training, was 

changed for all the animals for the transfer test. Animals' performance during transfer was 

compared to their own performance at the end of the acquisition phase. If, during training, 

subjects' directional responding had tended to become influenced by the demonstration 

sessions that they had observed, the direction of responding demonstrated immediately prior 

to their final reversal problem would be expected to influence them to respond in the opposite 

direction to that reinforced in the transfer test. Therefore, more errors would be expected 

during the transfer problem than at the end of training. In order to control for any non-social 

factors which might have resulted in a deterioration in performance from the end of training 

to transfer, a control group was included in the design. The demonstration sessions with 

which this control group were provided did not bear a consistent relationship, across 

problems, to the direction of responding which would be reinforced in the differential 

reinforcement sessions which followed. The performance of observers assigned to this group 

was not expected to change between the end of training and the transfer test.
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Method

The method was identical to that used in Experiment 8, except in the following respects. 

Subjects

The subjects were 32 male hooded Lister rats that had previously been magazine trained and 

subjected to a NDR test for imitation using the apparatus used in the present experiment. Of 

these rats, 8 were randomly assigned to the role of demonstrators, while the rest served as 

observers. The demonstrators were trained, by conventional methods, to push the joystick 

either to the left {n = 4) or to the right (« = 4).

Procedure

Top-up magazine training sessions were not provided before observers' directional 

preferences were assessed, again with the use of a single, non-social, NDR session. This was 

because observers had already been magazine trained in the operant chambers used in the 

present experiment, and did not need to be familiarised with the operations of novel 

chambers.

After observers had been assigned to conditions on the basis of their directional preferences, 

and had been rehoused in home cages containing 4 animals from the same group, they were 

each subjected to a series of ten alternating response discrimination problems which resulted 

in nine reversals. The first problem, and the first eight reversals which followed, constituted 

acquisition training. Transfer performance was assessed on the final reversal.

For every problem, all responses in the unreinforced direction resulted in a "time-out" period 

of 5 sec in which the houselight was off and responses made in either direction were not 

reinforced. A time-out period of 5 sec was chosen because it was approximately the same 

duration as the average interval between responses made by a proficient demonstrator. Thus, 

time-outs were expected to result in a greater loss of potential reinforcements when observers 

rapidly alternated their direction of responding.
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All reversals occurred between days, but they occurred only if the discrimination problem 

presented on the previous day had been learned to a criterion of 40 responses in the 

reinforced direction over any 50 consecutive responses from the same session. Normally, 

reinforcement was available for responses in the correct direction, and data recorded, for the 

first 50 responses made by an observer in a DR session. However, if, after 50 responses had 

been made, 10 or fewer responses were required to reach criterion, the session was extended 

until criterion had been reached, or until a maximum of 10 additional responses had been 

recorded. All DR sessions immediately followed a demonstration session, even if the session 

was not the first DR session for a new problem.

Each observer was assigned to one of three observational training groups. Groups SAME, 

DIFF and RAND. In the initial NDR directional preference test, the mean proportion of 

responses in the direction to be reinforced on the first response discrimination problem made 

by observers assigned to each group (with standard deviations in parentheses) were: Group 

SAME = 0.20 (0.32), Group DIFF = 0.19 (0.18) and Group RAND = 0.20 (0.22). The 

treatment of Groups SAME and DIFF was similar to that of Groups SAME-REVERSED 

and DIFF-REVERSED, respectively, in Experiment 8. Thus, throughout acquisition training 

observers from both these groups experienced a consistent relationship between the direction 

of demonstrator responding and the direction reinforced on the DR session that followed, and 

this relationship was switched for the transfer test.

For group RAND, there was no consistent relationship, throughout acquisition training and 

reversal testing, between the demonstrated direction and the direction that would be 

reinforced in the DR session that followed. Instead, for some of the problems Group RAND 

was treated in the same way as Group SAME, and for the rest of the problems Group RAND 

was treated like Group DIFF. Observational treatment was only altered between problems; 

observers were consistently subjected to demonstrations of the same direction of joystick 

response for each of the DR sessions required to reach criterion for a problem. The first 

eight problems that each of these observers received were treated as two blocks of four 

problems. In each block, one problem was administered for each observational treatment 

(SAME or DIFF) and reinforced direction (left or right) combination. There are four 

possible sequences in which each of these combinations appears once. The sequence of 

observational treatments to be administered for each block was randomly selected from each
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of these four alternatives, with the constraint that, on their initial problem, 2 observers from 

group RAND assigned to each level of the counterbalancing factor would be subjected to 

each observational treatment. On the ninth problem, the observational treatment was the 

same as that on the initial problem, and, on the tenth problem, one observer from each pair 

was randomly assigned to each of the observational treatments.

Results and Discussion

Two observers, both from Group SAME, failed to make 50 responses within the first 30 

minutes of 3 consecutive DR sessions from the first response discrimination problem. Both 

of these animals were excluded from the experiment after their third failure to complete a 

session.

The remaining observers required a variable number of DR sessions to complete acquisition 

training, each of which was preceded by a demonstration session. The mean number of 

demonstration sessions that observers received during acquisition training was 29 (range = 

14 to 42). The mean percentage of these demonstration sessions in which observers were 

exposed to perfect discrimination was 87%, and none of these animals was able to observe 

perfect demonstrator performance in less than 62% of their demonstration sessions. In the 

remaining, non-perfect, demonstration sessions (total number = 82), demonstrators made a 

median of 1, and no more than 12, unreinforced responses in the untrained direction.

During the demonstration session that preceded the first DR session of the final, transfer, 

response discrimination problem, all but 3 of the observers were exposed to perfect 

discrimination performance. In the remaining 3 sessions, 1 observer from each of Groups 

SAME, DIFF and RAND had the opportunity to observe their demonstrator make one 

unreinforced response in the untrained direction. Of the 22 observers subjected to the 

transfer test, 19 required more than one session to learn this final response discrimination to 

criterion. From a total of 23 demonstration sessions that preceded subsequent transfer DR 

sessions, observers had an opportunity to observe a total of only 8 responses in the untrained 

and unreinforced direction. These 8 demonstrator errors were distributed across 5 

demonstration sessions to 3 different observers ( 1 from each of Groups SAME, DIFF and 

RAND).
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Figure 6.5: Mean total errors (number of responses in the unreinforced direction) per 

reversal by counterbalancing groupings from Experiment 9. "LEFT", observers rewarded 

for making left responses during Reversal 0; "RIGHT", observers rewarded for making right 

responses during Reversal 0.
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Figure 6.6: Mean total errors (number of responses in the unreinforced direction) per 

reversal for each acquisiton group from Experiment 9. During Reversal 9, the transfer 

problem, contingencies were switched for Groups SAME and DIFF. "SAME", observers 

rewarded for making the same responses as their demonstrators; "DIFF", observers rewarded 

for making a different response to that of their demonstrators; "RAND", reinforced direction 

was not contingent upon the direction of demonstrators' responding.
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Analyses of observers' response discrimination performance, for both acquisition and transfer 

problems, is first reported for the total error measure before similar analyses for the initial 

error data.

Observers' total errors

For each response discrimination problem, total errors were the total number of responses 

in the unreinforced direction made by an observer over all of the DR sessions that were 

required to reach criterion. Initial inspection of the total error data revealed that there was 

a great deal of between subject variability, but that none of the observers were consistently 

responsible for the more unusual scores. There also appeared to be a possible difference 

between levels of the counterbalancing variable, the direction reinforced during the first 

problem, although this did not appear to interact with any of the other factors. For the sake 

of clarity, the same total errors per reversal data are presented twice (Figures 6.5 and 6.6), 

grouped by acquisition treatment and by counterbalancing condition separately.

Figure 6.5 displays group-mean data for both of the counterbalancing groups with levels of 

the acquisition grouping factor collapsed. Figure 6.5 indicates that the mean number of total 

errors on the first problem was greater for the groups for which left responses were 

reinforced than for groups for which right responses were reinforced, but that for eight out 

of the nine reversals which followed, group-mean total errors for groups for which left 

responses were reinforced was less than those for which right responses were reinforced.

Figure 6.6 displays group-mean total errors per reversal for each of the acquisition groups, 

with levels of the counterbalancing variable collapsed. Figure 6.6 appears to indicate that 

total errors tended to decline across the eight reversals which constituted acquisition training, 

but that there was no clear differences between Groups SAME, DIFF, and RAND. Figure 

6.6 also suggests that the total errors made on the ninth, transfer, reversal did not tend to be 

greater than those made at the end of acquisition training for any of the acquisition groups.

To test these impressions the total error data were subjected to two ANOVAs. First, to 

examine acquisition performance, total errors were subjected to a three factor mixed
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ANOVA of acquisition group x initial direction reinforced x reversal. This revealed main 

effects of reversal, F(7,l 12) = 4.70, p  = .0001, and direction, F(l,16) = 5.45, p  = .0330, but 

not of acquisition group, F<1. No interactions were statistically significant, including those 

involving direction (ps > .3725). The effect of reversal block suggests that some aspect of 

the acquisition training resulted in an improvement in within problem performance across 

reversals. However, this finding does not indicate whether observational experience played 

a role, or whether this resulted only from exposure to a series of response reversals.

Second, in order to examine transfer performance, a repeated measures factor was used to 

compare the total errors made during the transfer test problem to those made during a 

baseline problem at the end of acquisition training. Because total errors per problem during 

acquisition training did not appear to be a function of whether an odd or even numbered 

reversal had taken place during the problem (as illustrated in Figures 6.5 and 6.6), the final 

problem from acquisition training, reversal 8, was selected to be the baseline*^. When total 

errors were subjected to a three factor mixed ANOVA of acquisition group x initial direction 

reinforced x reversal (baseline / transfer), no statistically significant differences were found 

for any factor (reversal, F(l,16) = 2.36, p  = .1441, acquisition group and direction, Fs< l) 

or interaction. Therefore, this within subjects transfer design failed to provide evidence, as 

measured by within session performance, that demonstrator consistent responding resulted 

from acquisition training.

Observers' initial errors

Initial errors were the number of responses in the unreinforced direction made by an observer 

from the start of the first DR session for a problem until the first response was made in the 

reinforced direction. Preliminary inspection of the initial error data again revealed there to 

be a great deal of between subject variability, and one observer, assigned to Group DIFF, was 

found to have contributed two of the three most unusual observations (Zs = 4.09, 3.40). This 

rat was excluded from subsequent analyses of initial errors.

‘̂ Similar results occurred when reversal 7 (the final problem in which the reinforced 
direction was the same as that reinforced during the transfer test) was used as the baseline 
instead of reversal 8.
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Figure 6.7: Mean initial errors (number of responses in the unreinforced direction until the 

first response in the reinforced direction) per reversal for each acquisiton group from 

Experiment 9. During Reversal 9, the transfer problem, contingencies were switched for 

Groups SAME and DIFF. "SAME", observers rewarded for making the same responses as 

their demonstrators; "DIFF", observers rewarded for making a different response to that of 

their demonstrators; "RAND", reinforced direction was not contingent upon the direction of 

demonstrators' responding.
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Figure 6.7 displays group-mean initial errors per reversal for each of the groups, with levels 

of the counterbalancing variable collapsed and data from the outlier observer excluded. 

Figure 6.7 indicates that, during acquisition training, there was substantial variance in mean 

initial errors, and no clear pattern of differences. A comparison of the group-mean initial 

errors per reversal during the transfer problem with those at the end of training indicated that 

the differences were not in the expected direction. The transfer problem appeared to result 

in an increase for Group RAND only, and a decrease for the only two treatments (SAME and 

DIFF) for which an increase was predicted.

The initial error data were subjected to two ANOVAs. To examine acquisition performance, 

initial errors were subjected to a three factor mixed ANOVA of acquisition group x initial 

direction reinforced x reversal. This revealed no statistically significant differences for any 

factor (reversal, F(7,105) = 1.62, p = .1375, acquisition group, F(2,15) = 1.50, p  = .2545, 

initial direction reinforced, F < 1), or interaction between factors. Thus, this analysis of initial 

error data provided no evidence for an improvement in performance at the beginning of 

training problems across reversals, nor evidence to suggest that observers were sensitive to 

the correspondence between observed responses and those that they themselves executed.

In order to examine transfer performance, initial errors were subjected to a three factor mixed 

ANOVA of acquisition group x initial direction reinforced x reversal, where the reversal 

factor included data from the transfer problem, and the eighth problem as a baseline. This 

revealed a statistically significant difference between acquisition groups, F(2,15) = 3.78, p 

= .0469, but not for either of the other factors, Fs < 1. Re-examination of Figure 6.7 

suggests that the reliable acquisition group effect is likely to be due to between group 

variance in initial errors per reversal during the eighth problem rather that at transfer, an 

interpretation which received some support from the fact that the only interaction which 

approached statistical significance was that between acquisition group and reversal, F(2, 15) 

= 3.59, p = .0533. In order to examine potential group differences in the magnitude and 

direction in shift in initial errors from baseline to transfer, this marginally reliable interaction 

was examined further with simple effects. A tendency for a difference in the number of initial 

errors made on the test and eighth reversal problems was not found for any of the acquisition 

groups (Group SAME, F  < 1, Group DIFF, F(l,6) = 1.93, p  = .2140, Group RAND, F(l,7) 

= 4.53, p =  .0709).
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G e n e r a l  D i s c u s s i o n

Neither Experiment 8 nor Experiment 9 produced any evidence to suggest that observers' 

direction of responding was influenced by the demonstration sessions to which they had been 

exposed. There was no evidence of an untrained sensitivity to the correspondence between 

observed and executed responses, which could have been indicated if the performance of 

Group SAME improved faster during training than that of Group DIFF. Although, in both 

Experiment 8 and Experiment 9, evidence was found for a reduction in total errors across 

reversals, the rate at which these errors declined was not found to be dependent upon 

acquisition group membership in either experiment. Initial errors per reversal made during 

acquisition training were not found to change across reversals in any way in either 

experiment. Therefore, no evidence was found to suggest that the type of procedure used 

in the experiments reported in this chapter is likely to provide an especially sensitive test of 

whether rats exhibit an untrained tendency to be influenced, by some aspect of demonstration 

sessions to which they were exposed, to respond in the same direction as that of their 

demonstrator.

Furthermore, neither experiment generated findings to suggest that a demonstrator-consistent 

responding effect had been acquired as a result of conditional discrimination training. Such 

a putative demonstrator-consistent responding effect was assessed by transfer performance 

when the relationship between the observed and reinforced direction of responding was 

manipulated, either between subjects (Experiment 8), or within subjects (Experiment 9). In 

neither experiment did a contingency switch result in an increase in either initial, or total, 

errors. This failure to find evidence that rats can be trained to respond conditionally upon 

some aspect of their demonstration sessions might suggest that a training-to-imitate approach 

is not suited to the investigation of imitation in rats using a bidirectional control procedure. 

The remainder of this discussion will focus on potential reasons for this failure because the 

primary motivation behind the design of the present experiments was the belief that training 

studies might produce a demonstrator-consistent responding effect of sufficient replicability 

to be exploited in future experiments.
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The failure to find a demonstrator consistent responding effect on a transfer test which 

followed conditional discrimination training in either of the experiments reported in the 

present chapter might be due to several reasons. One possibility, which can be discounted, 

is that it is due to rats' insensitivity to the correspondence between observed and executed 

actions. A representation, in a form which is compatible with the control of action, of 

demonstrated actions is one form of information that observers may potentially be able to 

extract from demonstration sessions. However, this is not the only type of information that 

the observers may have been able to extract from a demonstration session and use as a 

conditional cue. Other types of information include: the identity of the demonstrator 

(different demonstrators were observed to respond to the right, and to the left), the direction 

in which the joystick moved across an observer's visual field, and any physical traces 

deposited during the demonstration session. Demonstrator-consistent responding effects that 

have been demonstrated in standard NDR tests of imitation using a bidirectional control (see 

Chapters 2 and 5 for reviews) provide evidence that observers' directional responding can be 

influenced by some aspect of a demonstration session.

Another possibility is that the information provided by demonstration sessions associated 

with left and right demonstrator responses was not salient enough, or did not have the 

required properties, to act as a cue to influence conditional responding. Following this 

position, a training approach would be unlikely to prove useful for the investigation of 

imitation using rat subjects and a bidirectional control procedure. Again, the findings of the 

present experiments do not provide convincing evidence to support this position. Few of the 

procedural parameters which might be manipulated were explored in these experiments, so 

the procedures which were employed might have failed to present observers with conditions 

ideal for the extraction of a conditional cue, from their demonstration sessions, that might 

influence their directional responding. Furthermore, the relatively long DR sessions given 

to observers in both experiments may have reduced the likelihood that any detected 

conditional cue would be used by the observers; the hungry observers could obtain a 

reasonable quantity of food during each training session even if their behaviour was not 

influenced by a cue. Perhaps if a training-to-imitate approach is to be effectively applied to 

a bidirectional control method, shorter differential reinforcement sessions should be used (and 

more problems) thus modelling more closely the procedure used in maze running 

experiments.
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CHAPTER

7
Testing for imitation in capuchin monkeys: 

A new application for directional control methodology?

In Chapter 7, the results of two experiments are reported which used a directional control 

methodology to look for evidence of imitation in capuchin monkeys. These experiments 

were carried out to examine whether an absence of positive evidence of imitation in monkeys 

might be due, not to monkey's failure to imitate, but to investigators' failure to administer 

tests capable of detecting demonstrator-consistent response tendencies. Systematic 

investigations of imitation that have previously been conducted with monkeys have either 

found no evidence of behavioural concordance, or have produced effects which could have 

been the result of a non-imitative process (for a review, see Visalberghi & Fragaszy, 1990a). 

However, to date, there have been no reports of attempts to administer to monkey subjects 

procedures which have been shown to be capable of providing relatively unambigous 

evidence of imitation in other species. Such procedures include intensive case studies (e.g., 

Custance et al., 1995), and two action tests, such as the bidirectional control procedure 

(Heyes & Dawson, 1990). Therefore, directional control methodology may potentially 

provide the foundation for new, sensitive, tests of imitation, irrespective of any weaknesses 

specific to the bidirectional control procedure introduced by Heyes and Dawson (see 

Chapters 3 to 6).

Capuchins were used because they appear to be monkeys that are suited to some of the 

requirements of imitation. Relative to other New World primates, capuchin monkeys have 

been described as being particularly visually attentive and manipulative (e.g., Parker, 1974; 

Torigoe, 1985; Visalberghi, 1988), and exceptional in their capacity for tool use (e.g., 

Anderson, 1990; Westergaard & Fragaszy, 1987). This would seem to indicate that they are 

well equipped to observe and execute the object manipulations employed in a directional 

control test.
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E x p e r i m e n t  10: I n d i v i d u a l  t e s t i n g

In Experiment 10, capuchin monkeys were individually subjected to a novel directional 

control test that was moddelled on Heyes and Dawson's (1990) bidirectional control 

procedure, but adapted to incorporate features of testing methods that have been used with 

primates (e.g.. Whiten et al., 1996). As was also the case in the original bidirectional control 

procedure, a hungry observer animal was exposed to a demonstration session in which a 

trained conspecific manipulated an object either to the left or to the right in order to gain 

access to food. During these sessions, the observer monkey was face to face with its 

demonstrator. After having been exposed to a single demonstration session, each observer 

was given access to the manipulandum for the first time, from the position previously 

occupied by its demonstrator. If capuchin monkeys were able to imitate, they would be 

expected to tend to move the manipulandum in the same direction, relative to their bodies, 

as had their demonstrator, during a test in which responses in both directions were 

accompanied by the availability of food.

The principal modification that was made to the original bidirectional control procedure was 

the use of a different manipulandum. This manipulandum, the bidirectional food recovery 

apparatus, was a puzzle box which could be opened by lateral movements. Unlike the 

joystick apparatus employed in the rat experiments, this puzzle box could be seen to contain 

food rewards both before, and during, subjects' responses. Making food an integral part of 

the manipulandum was considered to be an important design feature of the artificial fruit 

apparatus to enable comparisons of the imitative capacities of various primate species 

(Whiten et al., 1996). While monkeys are thought to be generally less manipulative than 

apes, they are considered to be at their most most manipulative when provided with hidden, 

or not-directly-accessible, sources of food (Visalberghi, 1988).
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Figure 7.1: The bidirectional food recovery apparatus (bottom) and its location with respect 

to the test and observation cages (top)
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Method

Subjects

The members of two established groups of 6 tufted capuchin monkeys {Ce bus ape lia) served 

as subjects. Each domestic group was housed in an indoor-outdoor cage (1.7 x 1.9 x 2.6 m 

and 1.7 X 3.0 x 2.6m respectively), had free access to water, and was fed a mixture of 

monkey chow and fresh fruit and vegetables once daily after testing.

One adult male monkey from each group was assigned the role of demonstrator; the 

remainder in each group served as observers. Each demonstrator served only for observers 

fi-om their own grouping, and animals from one domestic group observed left responses while 

those from the other group observed right responses. The demonstrator for Group RIGHT, 

Cam (17 years old), was in the same group as five observers: four females - Car ( 11), Ram

(8), Pap (6), and Ron (2); and one male - Gal (5 years old). The demonstrator for Group 

LEFT, Pep (8), was housed with the following five observers: three females - Pip (13), Rob

(9), and Paq (4); and two males - Zap (approximately 15), and Cog (8). All the subjects with 

the exception of the juvenile female Ron had been used in many previous experiments, and 

did not suffer unduly from anxiety when separated from the rest of the group (e.g., 

Visalberghi & Limongelli, 1994; Visalberghi & Trinca, 1989; Vitale, Visalberghi & De Lillo, 

1991). These animals had been tested for their ability to imitate a range of behaviours 

spontaneously in previous studies without success (e.g., nut hammering, Antinucci & 

Visalberghi, 1986; food washing, Visalberghi & Fragaszy, 1990b; pushing food out of a tube 

with a stick, Visalberghi, 1993). However, they had never been trained to imitate and the 

tasks involved in the earlier studies were not similar to the bidirectional food recovery task.

Apparatus

The bidirectional food recovery apparatus is illustrated in Figure 7.1. It was a slim 

rectangular aluminium boxed frame (62 x 57 x 10 cm) which supported a moveable panel of 

plexiglass, with an additional immoveable pane of plexiglass fixed to the side. This assembly 

was securely attached to a wall of a cage (the "test cage") in front of the guillotine doorway

189



leading to a neighbouring cage (the "observation cage"). Whenever the guillotine door was 

opened, there was a clear view through a double glazed plexiglass window (26.5 x 26.5 cm) 

from the observation cage into the test cage, with only the fixed plane of plexiglass accessible 

to an observer's touch.

Below the plexiglass window was a food container. As in the "artificial fruit" apparatus 

(Whiten et al., 1996), this had been constructed from transparent plexiglass so that observing 

and performing animals would be able to see any food that was present. The experimenter 

could deliver food items (a mixture of 1/4 peanut kernels and pieces of sugar candy) into this 

container, from outside the test cage, though a metal tube. The only possible route of access 

to this food from within the test cage was through a rectangular hole (6 x 5.5 cm) in the 

aluminium top of the container. However, entry through this hole was obscured by the "food 

cover", a lower aluminium surface, whenever the apparatus was at rest.

The food cover was attached to the manipulable panel of plexiglass, which, in turn, was 

suspended from a bearing directly above the entrance to the food container. This permitted 

the manipulable panel to move in a single plane parallel to the fixed pane, and allowed the 

food cover to be displaced in two ways: to the left, and to the right. A circular hole 

(diameter 4cm), cut out of the manipulable panel of plexiglass, was intended to be used by 

the subjects as a point of contact in order to facilitate movement of the plexiglass (4.5 cm 

above the entrance to the food container when the manipulable panel was at rest). A 

concentric ring 1cm in thickness was drawn around the hole in black permanent marker to 

make it more salient to subjects. This "ring" manipulandum was also intended to minimise 

variation in the responses of the two demonstrators by making the direction moved, and not 

the place of contact, the principal difference between their movements. In both directions, 

the maximum possible lateral movement of the ring was 10 cm which was just enough to 

completely move the food cover away from the entrance to the food container. Lateral 

movement of the ring of 8 cm or more was chosen to be the response criterion for automatic 

measurement because it lead to the entrance to the food container being opened by a distance 

of 2.5 cm, the minimum required for a subject to insert its hand. Such responses were 

recorded on-line using microswitches connected to a Toshiba T1800 portable personal 

computer situated with the experimenter outside the cages. The edges of the manipulable 

panel remained hidden to observers and demonstrators at all times, because this panel was
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much larger than the size of the window. The panel was also symmetrical and mounted onto 

bearings on its midline to ensure that equivalent work would need to be done to displace the 

food cover in both directions.

A Panasonic G202 VHS-C video camera and character generator was used to record 

demonstration and test sessions onto 30 minute tapes with running session times.

Procedure

The following general procedure was applied to demonstrator and observer monkeys. A 

session began with the introduction of an animal into the test cage. At the beginning of each 

session, the apparatus was baited with a food item.

Discrete responses were considered to have occurred whenever the entrance to the food 

container had been opened by 2.5 cm, as automatically recorded by microswitch closure, 

provided that the animal had allowed the food cover to close after the preceding response. 

Food cover closure was judged observationally during sessions, and corroborated for the 

purposes of data collection later by viewing the videotapes of test sessions.

Demonstrator training: In daily sessions in which 30 food items were available, both 

demonstrators were trained to retrieve food from the apparatus by moving the ring in a single 

direction to open the food container. Cam was trained to move the ring to his right, while 

Pep was trained to move it to his left. In the first two sessions, the food container was 

rebaited after each response; food was continuously available irrespective of the direction that 

the demonstrator had previously moved the ring. In the following sessions a physical device 

was fixed to the apparatus so that it could only be moved in a single direction. For Pep this 

was a rigid steel rod which prevented right responses, while for Cam this was a piece of 

string which prevented left responses. After the rod or the string were no longer necessary 

to maintain the appropriate directional preference and the animal had adopted the desired 

response topography, two final training sessions were provided in which the apparatus was 

baited at 20 second intervals provided that the previous food item had been recovered.
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Observer testing: At least two days before testing was due to start, the group to be tested 

was moved to the indoor-outdoor cage adjacent to the observation cage.

Before they were given any opportunity to manipulate the apparatus, observer subjects were 

provided with a demonstration session; they were individually taken from the group and 

moved to the observation cage, where they were allowed to observe their demonstrator 

recovering 30 food items while opening the food container by moving the ring laterally. The 

food container was rebaited at 20 second intervals, provided that the demonstrator had 

removed a food item and allowed the food cover to return to close the container. Observers 

in Group RIGHT were exposed to Cam opening the food container by pushing the ring such 

that it moved to his right, resulting in the ring moving to the left across the visual field of 

observers. Observers in Group LEFT were exposed to Pep moving the ring to his left so that 

it travelled to the right from their point of view. Immediately after the final food item had 

been recovered, the guillotine door was replaced to obscure the observer's view of the 

apparatus and the demonstrator was removed from the test cage.

Testing commenced as soon as the demonstrator was removed from the test cage and 

replaced with its observer. The test session continued until the observer had recovered 20 

food items, or until 10 minutes had elapsed without the observer making a single successful 

food recovery. This duration was chosen to provide ample time for the animals to begin 

manipulating the apparatus, while not being long enough to lead them to become unduly 

anxious as a result of being separated from the rest of the group. In an attempt to maintain 

interest in the apparatus for those animals that did not manage to recover food quickly, 

further food items were delivered into the food container at 2 minute intervals.

Animals that were unable to recover any food items in this first test were provided with a 

second test 2 days later. Prior to this second test, subjects had a further demonstration 

session. The test session which followed was identical to the previous test session with one 

exception: the first food item was an approximately 3cm long piece of banana, a highly 

preferred food item for these monkeys. This modification was designed to prevent animals 

from failing to recover any food due to a lack of motivation to explore the apparatus.
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Table 7.1: Summary of demonstration sessions witnessed by both groups for the two tests
in Experiment 10.

Total
Responses

Session 
Duration (sec)

Demonstration - 
Test Interval (sec)

Test / Group n M SD Mdn Range Mdn Range

LEFT {Pep)

I 5 54 5 650 582-873 383 179-617

II 5 40“ 6“ 762 603-929 519" 346-654"

RIGHT (Cam)

I 5 65 9 606 586-629 938 293-1140

II 3 59 10 583 583-586 592 358-1205

^In one demonstration session (to Paq), Pep made two responses to the right which are 
included in the total responses for the second test for Group LEFT.

= 4 (Data for one session was not recorded).
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Results and Discussion

Demonstrations

By the end of training, both demonstrators were efficiently opening the food container by 

moving the ring smoothly with their right hand and retrieving food items with their left. This 

hand-use strategy was maintained throughout testing. The demonstrator behaviour that the 

observers were able to witness is summarised in Table 7.1. As Table 7.1 indicates, both 

demonstrators tended to over-respond, making more responses than the number of food 

rewards available. Cam made 110% more responses than the 30 required to retrieve all the 

food items for demonstration sessions to animals from Group RIGHT, while Pep over

responded by 51% in sessions to animals from Group LEFT. Cam's greater over-responding 

is reflected in his short session times (the shortest possible is 540 sec if all food items are 

retrieved within 20 sec of their delivery), and generally shorter times than the more cautious 

Pep. However, both animals always finished their sessions in around 10 to 15 minutes. In 

contrast, there was marked variability in the demonstration-test interval, resulting from 

differences in the time taken to remove the demonstrator and move the observer into the test 

cage. The shortest delay was only 3 minutes, while the longest delay was 20 minutes. 

Importantly, both demonstrators reliably opened the food cover in the trained direction. In 

only one session. Pep's second demonstration to Paq (Group LEFT), were any untrained 

responses made. In this session, only 2 responses were made in the incorrect direction, and 

neither resulted in food recovery.

Observers

It was predicted that observers from Group LEFT would make proportionately more left 

responses in order to retrieve food items than observers from Group RIGHT. Unfortunately 

this prediction could not be tested because only two subjects {Car and Pap), both from 

Group RIGHT, retrieved any food items from the apparatus. Both animals fulfilled the 

session criterion of recovering 20 food items, and a discrimination ratio was calculated for 

each animal by dividing the number of left responses by the total number of responses made 

in the test session. These discrimination ratios revealed that both subjects had a strong bias

194



to respond to the left, the opposite direction to that which was demonstrated {Car, .80; Pap, 

1.00).

It is inq)ossible to determine, on the basis of these data, whether Car and Pap responded in 

the opposite direction to that which was demonstrated because they were influenced by what 

they had observed, or whether such an effect (which might have been described as egocentric 

observational autoshaping, see Chapter 2, Section 3.3.2) would be typical of other monkeys, 

had they responded. Experiment 10 was not a fair bidirectional control test of this sample 

of capuchin monkeys' capacity to imitate because the reliability and the representativeness of 

this mismatch cannot be evaluated on the basis of the data from these two subjects alone. 

Furthermore, without animals from Group LEFT having tended to move the manipulandum 

to the right, an overall preference for left responses cannot be ruled out as an explanation for 

the directional mismatch of the two successful animals.

It might be argued that the disappointingly low number of animals that retrieved food items 

suggests that these animals were not capable of imitation, particularly if it could be shown 

that they were motivated to recover the food items and had observed the demonstrations. 

There is some support for this position. First, there are reasons to suggest that the observers 

were likely to have been motivated to retrieve the food items used in this experiment. The 

mixture of peanut pieces and candy that was mainly used through testing was sufficient to 

maintain a high level of responding from the demonstrators. Furthermore, the observers were 

normally very highly motivated to eat bananas - the food type used on the first trial of the 

second test session.

Second, there is some evidence to suggest that these subjects had tended to pay attention to 

their demonstration sessions. It was possible to estimate the extent to which the observers 

had an opportunity to observe demonstrated responses from the videorecordings of the 

demonstration sessions by using a measure of the relative frequency of these responses in 

which the observer was close to the apparatus. Proximity rates were the percentage of 

demonstrator responses recorded onto video tape in which each observer had been within 

camera shot (an area of approximately 1 m^ around the apparatus) one second prior to each
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Figure 7.2: Mean proximity rates for each group over both tests from Experiment 10. 

Group LEFT observed a left pushing demonstrator, and Group RIGHT observed a right 

pushing demonstrator. Proximity Rates were the percentage of recorded demonstrator 

responses in which the observer had been in the proximity of the apparatus. The dashed line 

at 20% indicates an estimation of the proximity rate expected by chance (see text for further 

details).
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response*^. Mean proximity rates for each group over both tests are presented in Figure 7.2. 

Figure 7.2 also indicates, for illustrative purposes, an estimate of the proximity rates that 

observers might be expected to have had by chance. Assuming that the observers would 

spend the demonstration session on the floor of the observation cage, this was estimated to 

be the ratio of the area in camera shot (1 m )̂ to the area of the floor of the cage (5 m^). This 

is likely to a conservative estimate of chance proximity because these monkeys generally 

spend more than 20% of their time away from the floor (Vitale et al., 1991). The relatively 

high proximity rates for this sample, particularly for the first test, would appear to indicate 

that food recovery demonstrations were salient events for these observers.

The data presented in Figure 7.2 also suggests that Group RIGHT tended to have a higher 

proximity rate than Group LEFT, and that proximity was less on the second test for both 

groups. These impressions were examined by conducting an ANOVA on data transformed 

by raising the proximity rates to the power of 2.7 to stabilise heterogeneity of variance. 

Group RIGHT tended to spend a higher proportion of demonstrated responses in the vicinity 

of the apparatus than Group LEFT, F(l,6) = 10.64, p = .017, and animals' proximity rates 

were lower on the second test relative to the first, F(l,6) = 6.72, p  = 0.041. The interaction 

between these factors was not statistically significant (F<1). The overall decrease in the 

proportion of demonstrator responses for which the observer was in the proximity of the 

apparatus from the first test to the second would appear to suggest that repeated testing may 

result in a decrease in the salience of the demonstrators' behaviour (or operations of the 

apparatus). This result suggests that further testing of these monkeys using the current 

procedure may be unlikely to yield an observational effect such as imitation.

While the case for an inability to imitate is strengthened by the observers' apparent motivation 

to recover food items, and interest in demonstrations, there may be other reasons which may 

have prevented 8 of the 10 subjects from retrieving food from the apparatus. All the

^^Not every demonstration session was captured in its entirety. However, a sufficiently 
large proportion of the demonstrated responses were filmed to render this measure 
reliable as an indicator of what happened throughout each session (98%, first test; 99%, 
second test). Proximity was scored for the second before each response to avoid 
potential over-estimation of opportunities to observe responding. Casual observation of 
the videos had revealed that monkeys sometimes approached the apparatus very rapidly 
after forceful demonstrator responses which resulted in an audible bang.
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monkeys may have been unable to exploit an ability to imitate during testing because they had 

only a transient memory for the demonstrators actions; this memory may have been only 

weakly encoded, and thus decayed during a lengthy demonstration-test interval. Another 

factor which may have prevented monkeys from using any capacity that they might have to 

imitate was that the apparatus had a different appearance from viewpoints in the observation 

and test cages. This difference may have been sufficient to prevent the animals from 

recognising that the object that they were exposed to on test was the same object from which 

they had previously seen a demonstrator remove food. Finally, because the apparatus was 

a novel object for these animals, they may have been sufficiently afraid of it during the test 

phase to subdue any motivation to attempt to retrieve food items. A pre-observation phase 

in which the non-manipulable elements of the apparatus could have been pre-exposed to the 

observers may have attenuated neophobia directed to this object.

E x p e r i m e n t  1 1 : G r o u p  t e s t i n g

In Experiment 11 observers were retested using a procedure which differs from that in 

Experiment 10. This modified procedure was intended to overcome some of the potential 

factors that may have prevented subjects from retrieving food in Experiment 10, and may 

have made that experiment an insensitive bidirectional control test. Only the animals that had 

failed to retrieve food were given further demonstrations of food recovery from the same 

demonstrator. However, this time all the non-retrievers from a domestic group were in the 

test cage with their demonstrator during these sessions, and remained there for a social test 

session until one of the animals had successfully retrieved a number of food items. Social 

testing might be a more sensitive procedure than individual testing for any of the following 

reasons: First, by not requiring observers to be moved to a different cage at the end of a 

demonstration session, demonstration-test intervals might be shortened, ininiinising the 

memory requirement for the task. Second, by allowing observers to witness their 

demonstrator manipulating the food-recovery apparatus from the same side as they would 

confront it at test (i.e., from the test cage), observers may be more likely to recognise that 

they had an opportunity to manipulate the same object as had their demonstrator. Third, by 

accompanying observers with other members of their social group, subjects may be generally
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more manipulative while in the test cage (social facilitation), perhaps through the reduction 

of isolation induced anxiety (Clayton, 1978).

Method

The method was identical to that for Experiment 10, except in the following respects. 

Subjects

The subjects were from the same two domestic groups of capuchin monkeys used in 

Experiment 10. Cam (Group RIGHT) and Pep (Group LEFT) again served as 

demonstrators. The remaining animals, with the exception of the two animals that retrieved 

food in Experiment 10, again served as observers. Group sizes were now 3 (Group RIGHT) 

and 5 (Group LEFT).

Procedure

Before the demonstrator was introduced into the test cage, all the unsuccessful observers 

were moved into that cage, and the apparatus was baited. A test session began when the 

demonstrator was removed from the test cage, immediately after he had retrieved the 30th 

food item of the demonstration session. Test sessions lasted for 10 minutes, during which 

all the observers had free access to the apparatus without being impeded by the presence of 

the demonstrator. If, at the end of a test session, an observer had managed to retrieve 20 

food items, that animal was excluded from the observing group for any subsequent social 

testing. This step was taken to prevent that animal from monopolising access to the 

apparatus during subsequent tests. The procedure for social testing was repeated until only 

a single observer was present. If the lone observer did not recover any food items in its test 

session, the procedure was repeated one final time with members of its social group present 

in the observation cage in an attempt to alleviate anxiety caused by testing in isolation.
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Table 7.2: Food recovery responses made by the observers tested in Experiment 11, and 
a summary of the demonstrations to which they were exposed.

Observer / Group

Demonstration Data“

No. of 
Sessions

Total
Duration (sec)

Total
Responses

Discrimination
Ratio*’

Group LEFT

Pip 1 676 54 1.00

Zap 1.2' 778 64 .98

Paq 1 676 54 .94

Rob 1.2' 778 64 1.00

Cog 1.2' 778 64 .88

Group RIGHT

Gal 1 586 88 1.00

Ram 1 586 88 1.00

Ron 2 1211 189" did not respond

Notes. Observers are listed in the order, within group, in which they completed their test 
session.
“Before observer's first response. ^Discrimination Ratio = no. of left responses / total no. 
of responses. ^Second demonstration session was interrupted after 102 sec when Zap 
began responding. ^Includes one left response in the second session.
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Results and Discussion

Demonstrations

The left hand side of Table 7.2 summarises the demonstrator behaviour that each observer 

had the opportunity to observe before recovering its first food item. Four observers, two 

from Group RIGHT and two from Group LEFT, were exposed to a single demonstration 

session; three observers, all from Group LEFT, were exposed to an additional partially 

complete demonstration session before one of these animals. Zap (the dominant male in that 

group), begun recovering food and monopolising access to the apparatus; and one observer 

from Group RIGHT was exposed to two demonstration sessions. As in Experiment 10, both 

demonstrators tended to make more responses than the number of food items recovered. 

Again, the level of over-responding was greater for Cam (Group RIGHT, 193%) than for 

Pep (Group LEFT, 80%; figures for first session). However, for both demonstrators, this 

level of over-responding was higher than that in Experiment 10 (i.e., more than 2 standard 

deviations from the mean for the second test). An increase in the general activity of the 

demonstrators during group demonstrations, relative to individual demonstrations, is 

consistent with social facilitation. The session durations for both demonstrators were similar 

to each other, and consistent with those in Experiment 10 (approximately 10 to 11 minutes). 

In only one session. Cam's second to Ron (Group RIGHT), did either demonstrator make any 

responses in the incorrect direction; only one occurred in this session and it did not result in 

food recovery.

Observers

Seven of the eight observers tested in this experiment recovered at least one food item, and 

all of them went on to fulfil the session criterion of 20 food items recovered. A 

discrimination ratio was computed for each successful animal by dividing the number of left 

responses by the total number of responses. These discrimination ratios are presented on the 

right hand side of Table 7.2. It is clear from these data that all of the successful animals 

showed a bias towards left responding.
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The alterations to the procedure used in Experiment 10 may have had the desired effect of 

increasing the likelihood that observers would recover food items when tested, although 

observers' successes may have been wholly or in part due to having had further observation 

and testing opportunities. Nonetheless, there was no evidence for the occurrence of imitation 

in this larger, and more representative, subsample of monkeys that recovered food. In 

opening the food container, 5 of the 7 successful observers strongly preferred to move the 

manipulandum in the same direction as had its demonstrator. However, all the observers that 

responded in the same direction as their demonstrator were in Group LEFT ; the two animals 

from Group RIGHT that were able to recover food also had a preference for left movements. 

Because all successful observers had strong tendencies to make left responses, observers 

from Group LEFT did not tend to make more left responses than those from Group RIGHT 

as would have been expected if these animals had imitated.

These results do not indicate that capuchin monkeys are unable to imitate because two types 

of methodological problem could have reduced the effectiveness of this bidirectional control 

procedure. The first problem concerns the risks associated with drawing inferences from the 

behaviour of small groups of subjects. The 2 demonstrator discordant observers from Group 

RIGHT may not be representative of the behaviour of the theoretical population of capuchin 

monkeys exposed to a right pushing demonstrator. More faith could have been afforded to 

the representativeness of the results of Group RIGHT if they were consistent over a greater 

number of subjects. The number of subjects for Group RIGHT was reduced to 2 because, 

of the 5 monkeys from the same domestic group as the right pushing demonstrator, 2 

observers were not tested because they had successfully recovered food in Experiment 10 and 

one further animal failed to recover any food after two demonstration sessions. To 

compound the problem of the small size of Group RIGHT, a breach of the integrity of the 

observational manipulation for this group may have effectively reduced its size to a single 

subject. As a consequence of the social testing procedure used in this experiment, observers 

were exposed to the performance of those other observers that had managed to recover food 

before them in addition to their demonstrator's behaviour. While this effectively strengthens 

the observational manipulation for Group LEFT, in which all the observers responded in the 

same direction as the demonstrator, it provides a conflicting source of information for the 

second observer to recover food from Group RIGHT, Ram, who was exposed to Gal making 

left responses to recover food.
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The second methodological problem is that the current procedure may, somehow, have 

influenced the observers to respond to the left, and this influence may have suppressed a 

tendency to imitate. There could be a variety of reasons for an influence to respond to the 

left. For example, the use of lateral target movements in this bidirectional control test may 

have been inappropriate for the animals serving in Experiments 10 and 11; perhaps capuchin 

monkeys generally prefer to make movements away from their midline to their left. 

Alternatively, a lack of symmetry in the surroundings of the food recovery apparatus may 

have resulted in a preference to make movements in a particular direction relative to these 

surroundings. For example, the observers' tendency to respond to the left may have been due 

to a preference to move away from the wire mesh, behind which the experimenter was 

situated. A further possibility was that there was a lack of symmetry in the construction of 

the apparatus which resulted in a physical bias in favour of responding to the left. While 

further empirical work would be required to explore the first two possibilities, this final 

possibility may be investigated through an examination of the video-recordings of the test 

sessions from Experiments 10 and 11. If a mechanical bias accounted for the left preferences, 

one might expect that many of the observers would have initiated some right movements 

which were discontinued before the displacement criterion for a response had been met. In 

fact, an exhaustive search of the videos revealed that only three observers made any sub

criterion right responses. In total, only 7 sub-criterion right responses were made by these 

animals.

Another response to the possibility that a left responding bias may have suppressed a 

tendency to imitate is to attempt to measure observers' directional preferences in a bias-free 

way. If the left responding bias of observers had developed during their test sessions, each 

observer's first sub-criterion response would be relatively free of this source of bias. Of the 

9 observers which were successful in either Experiment 10 or 11,2 {Car, Experiment 10; 

Zap, Experiment 11) had opened the food container during the movement in which they had 

first displaced the manipulandum. The direction of the first apparatus manipulation for the 

remaining 7 successful observers plus that for the unsuccessful observer, which achieved 

some sub-criterion movements, was assessed by two independent raters. At the time of 

making their ratings, both were naive to the purpose of the rating exercise, the design of 

Experiments 10 & 11, and the experiments applying the bidirectional control procedure to 

rats. The raters made the same directional judgement for 7 of the 8 observers. Cohen's
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Table 7.3\ Direction of first apparatus manipulation by observers from Experiments 10 
and 11.

Group

Direction of first manipulation

Left Right

LEFT» Zap^ Cog
Pip
Paq

RIGHT Cat^ Pap'^
Gal Ram
Ron

“Raters disagreed on the direction for one observer, Ron (Experiment 11). '’Objectively 
measured by switch closure. T irst manipulation occurred during Experiment 10.
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kappa, a measure of agreement that corrects for chance matches, was high for these 

judgements, K  = 75%. The direction of the first manipulation for those observers for which 

the raters were in agreement, or for which direction had been objectively measured, are 

presented in Table 7.3. This table indicates that, although one third of the subjects had made 

their first manipulation towards the right, demonstrator-consistent observers (n = 5) did not 

reliably outnumber demonstrator-inconsistent observers (« = 4; Fishers exact test, p = 1.00).

G e n e r a l  D i s c u s s i o n

All 9 of the observers from Experiments 10 and 11 that recovered food items had a strong 

tendency to open the food container with left responses. It was impossible to conclude, from 

these results, whether these subjects were capable of imitation; the subjects may have been 

able to imitate, but an overall directional preference may have prevented demonstrator- 

consistent responding from being expressed during testing. While the results of the video 

tape analysis suggested that a design fault within the apparatus was unlikely to have caused 

this directional bias, other possibilities remain. A preference for responses in one direction 

may have been due to asymmetry in the testing environment. Alternatively, capuchin 

monkeys may be predisposed to making movements away from their midline towards their 

left.

A preference for left responses is not the only possible explanation for these data. A bias 

towards left responding is also consistent with the manipulative behaviour that might be 

expected of animals that were influenced by a socially mediated process other than imitation. 

In preferring left responses, 8 of these 9 observers were causing the ring to move 

predominately in the same direction as they had earlier been able to observe it travel, across 

their own visual field, by watching the animal that had most recently been seen to recover 

food. If these results were not caused by an overall preference for the left direction, they are 

more consistent with observational autoshaping than with imitation.

The results of these experiments have have some general implications for directional control, 

and two action tests. They help to illustrate some of the desired features of the target
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movements employed in tests of imitation using these methodologies. One desirable aspect 

o f target movements that has already been discussed is that each movement should have 

approximately the same baseline likelihood of being executed. If the predominance of left 

responses in Experiments 10 and 11 had been due to the observers having had a higher a 

priori probability of executing left responses than right responses, this preference for left 

responses could have suppressed any imitative tendency that they might have had. In the 

conventional bidirectional control procedure, rats generally are as likely to make left 

responses as they are to make right responses in the more symmetrical apparatus used for 

testing. However, a left responding bias was also found in Experiment 3 for rats subjected 

to a joystick-transfer test (after 4 sessions of magazine training). The surroundings to the 

manipulandum during a joystick-transfer test are also not symmetrical.

In directional control and other two action tests, it is also optimal for both target movements 

to have a high baseline probability of occurrence. Such target movements would ensure that 

the majority of the animals tested exhibit some of the behaviour of interest, allowing most of 

the sample to be used to evaluate whether observers tended to make proportionately more 

of the target movement that they had observed than observers of an alternative movement^"^. 

In this aspect, these methodologies are also distinctive from single action tests that have 

traditionally been used in the investigation of imitation. Inter-subject variability in the 

probability of executing a target movment is an important aspect of single action tests (for 

examples, see Chapter 2, Section 3.1), which aim to show that those subjects exposed to a 

demonstration show savings over those subjects not exposed to a demonstration. The 

importance of having relatively high baseline target movements in directional control tests 

is illustrated by the failure to be able to test for imitation in Experiment 10 due to the low 

number of animals that were able to recover food during that experiment. However, this 

condition appears to have been met for joystick pushing in rats, which has a high likelihood 

of occurring, even in animals that had not observed a demonstrator.

The foregoing discussion prescribes that any future research using directional control (or two

Alternatively, allowing most of the sample to be used to evaluate whether 
proportionately more of the observers tended to make the target movement that they had 
observed that observers of an alternative target movement (e.g., Zentall et al., 1996)
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action test) methodology to develop new, sensitive, tests of imitation should ensure that each 

directional target movement has a similar, and high, baseline probability of occurence. It is 

therefore recommended that future work with monkey subjects conducted along similar lines 

should attempt to ensure that the target movements meet these criteria. Left and right target 

movements might have a similar a priori probability of being executed if the surroundings to 

the apparatus were more symmetrical. A pre-exposure phase in which the non-manipulable 

parts of the apparatus are presented to observers might ensure that monkeys are more likely 

to manipulate the apparatus, especially if they are also allowed to retrieve food from the food 

container.

Experiments 10 and 11 may have been cases in which an investigator has failed to administer 

tests which are capable of detecting demonstrator-consistent response tendencies. Until 

monkeys are subjected to a two-action or directional control test in which the execution of 

each target movement is (equally) likely, one is unable to determine whether previous failures 

to find evidence of imitation in monkeys should be attributed to the monkeys, or to the 

investigators.

207



CHAPTER

8
The representation of observed object manipulations in 

humans: verbal codes, body movements, or dynamic 

properties of the object?

Three experiments are reported in Chapter 9. In each, the representation of observed object 

manipulations was investigated within a directional control procedure using adult human 

participants. These experiments were designed to meet two objectives. One objective was 

to evaluate further whether a directional control procedure could provide the basis for an 

animal model of imitation which might help to elucidate the mechanism underlying imitation 

in humans. The other objective was to investigate the applicability of directional control tests 

of imitation to human populations. Directional control tests may prove to be a viable method 

with which to investigate human imitation more directly through experimentation with human 

participants, irrespective of the usefulness of an animal model.

The objective of investigating whether directional control procedures could provide a valid 

animal model for investigating imitation in humans was addressed in two ways. First, doubts 

about the validity of such an animal model would be raised if humans' unique capacity to use 

language were found to mediate their ability to match a demonstrator's movements in a 

directional control procedure. This was examined in Experiment 12. Extrapolation from the 

findings of experiments subjecting non-linguistic animal subjects to a directional control test 

would be tenuous if humans were found to call upon linguistic resources when reproducing 

object manipulations.

Second, evidence to suggest that a process other than imitation is responsible for behavioural 

concordance in humans subjected to a directional control test would not only imply that these 

tests are not applicable to the evaluation of imitation in human populations. Such evidence 

would also indicate that this non-imitative process would be a viable alternative explanation
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Table 8.1: Summary of the findings reported by Smyth et al. (1988) and Smyth & Pendleton 
(1989).

Suppression Task

Remembered Items Articulatory Movement Spatial

Spatial Locations I

Body M ovement I

W ord I (not evaluated)

Note. "I" indicates interference between memory for a type of item and a suppression task. 
This is indicated by an item span that was reliably lower when participants were engaged in 
the concurrent activity than when no additional activity was required. See text for further 
explanation.
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for demonstrator-consistent responding effects found in bidirectional control tests conducted 

on animal subjects. In Chapter 2 (Section 3.3.3), the emulation hypothesis was proposed as 

an alternative, non-imitative, account for demonstrator-consistent responding in the joystick- 

transfer condition of the bidirectional control procedure (Heyes et al., 1992). It was also 

suggested that the emulation account for this effect was conceptually distinguishable from 

the conventional imitation interpretation in terms of the content of agentcentric 

representations (dynamic properties of the joystick, and body movements, respectively). 

Experiments 13 and 14 were designed to test whether humans represent observed object 

manipulations as body movements, or use a different coding strategy.

Some experiments reported by Smyth and co-workers have addressed humans' representation 

of observed behaviours (Smyth, Pearson & Pendleton, 1988; Smyth & Pendleton, 1989). 

These experiments employed a dual task paradigm. In each experiment, adult human 

participants were required to recall several series of observed items in the correct order, both 

under dual task conditions in which the participant also performed a suppression task while 

observing the items, and under single task conditions in which no concurrent activity was 

required. A participant's item span could be measured for each condition by periodically 

increasing the number of items in the sequences until the participant no longer was able to 

recall all of the items in order. A dual task decrement in item span would suggest that 

information processing resources required for performance of the suppression task were also 

required to maintain representations of the items in memory.

The findings of Smyth et al.'s experiments are summarised in Table 8.1. One type of item 

that was investigated in these experiments was body movements which did not involve 

contact with, or manipulation of, objects (e.g., head rotation, knees bend). Reproduction of 

these body movements must involve imitation; behavioural concordance could not occur as 

a result of exposure to events in participants' inanimate world (cf., Custance et al., 1995; 

Moore, 1992; Chapter 2, Section 4.1). The presentation of body movement items has been 

combined with three different suppression tasks: articulatory (reciting "12345" repeatedly), 

movement (self directed movements), and spatial (tapping positions away from the body). 

A dual task decrement was found when participants were required to perform the movement 

suppression task, suggesting that processing resources involved in performing the self 

directed movements interfered with short term memory for the observed movements.
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However, no interference effect was found when presentation of the body movement items 

was combined with the spatial suppression task. By contrast, the opposite pattern of 

interference effects were found when memory for observed behaviours directed at spatially 

distinct locations (pointing at locations in the Corsi blocks task) was investigated. A dual 

task decrement occurred for the spatial suppression task, but not the movement suppression 

task. Thus, a double dissociation was found between the representation of observed non

object-directed movements and the representation of movements directed at positions in 

space. The representation of body movement may thus be characterised by a particular 

pattern of interference effects.

Smyth et al. also found that articulatory suppression did not disrupt memory for either body 

movements or spatial locations. In addition, the movement suppression task, which was 

found to have a specific effect upon the imitation of body movements, was not found to 

interfere with memory for visually presented words.

In order that the dual task interference paradigm used in the experiments reported by Smyth 

and co-workers could also be employed in the present experiments to investigate the 

representation of observed object manipulations, a novel directional control task was 

developed. The novel task was an adaptation of the bidirectional control procedure 

administered to rats. As is the case for the bidirectional control procedure, the task involved 

a joystick comprised of a stick that is constrained to move in a number of directions. 

However, on the basis of the results of a small parametric pilot study, the number of 

movements in which the joystick could move was chosen to be 4 (left and right, and away 

from and towards the viewer). In the pilot study, participants' item spans, and self reports 

of strategies employed to remember the sequences of observed joystick movements, were 

measured when the joystick was constrained to move in 2 ,4  and 8 directions from a vertical 

starting position. The pilot study revealed that both item span, and elaborateness of the 

reported strategy, increased as the number of possible directions of joystick movement 

decreased. Four possible directions were chosen for two reasons. First, this testing 

condition yielded item spans of a size that were most similar to those reported by Smyth et 

al (1988) for whole body movements when no concurrent activity was required. Second, 

some of the extremely elaborate strategies reported under testing with two possible directions 

would be avoided. When only two types of joystick movement were possible, some
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participants reported having attenpted to remember a sequence in terms of runs of the same 

type of movement, rather than the actual items, in order to minimise memory load.

The same overall design was used in each of the experiments reported in this chapter in order 

to compare the similarity of observers' representations of observed joystick manipulations 

with those formed for other types of item. In each experiment, participants' item span was 

measured for observed joystick manipulation items and one other type of item, under both 

single task, and dual task, conditions. The non-joystick item used in each experiment (words, 

body movements, and Corsi block locations) had previously been used by Smyth et al. 

(1988), and the second task used was the one that had previously been found by Smyth et al. 

to interfere with the non-joystick item. If humans tend to represent observed joystick 

manipulations and the non-joystick item used in a given experiment in a similar way, the 

concurrent activity would be expected to result in a similar pattern of interference for the two 

tasks. If, instead, performance on the two tasks tends to be mediated by different types of 

representation, one would expect a different pattern of interference for the two types of item.

E x p e r im e n t  12: V e r b a l  C o d e s

Experiment 12 was designed to examine whether humans tend to remember observed object 

manipulations by rehearsing verbal codes generated for each manipulation during 

observation. If this were the case, one would expect memory for observed joystick 

manipulations, like memory for visually presented words, to be disrupted by concurrent 

articulation. If, however, the representation of observed object manipulations does not draw 

upon linguistic resources, one would expect disruption only for the words.

Method

Participants

Sixteen undergraduate students from University College London agreed to take part in the 

experiment and were paid for their participation. Each participant was naïve to the tasks
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involved.

Apparatus and Stimuli

A Dell 210 Personal computer was used to generate brief low frequency tones (0.4 sec, 60 

Hz).

Joystick manipulation items: The same joystick was used both to present sequences of 

directional manipulations of a single object, and to test for recall of these movements. This 

was a wooden stick (52 cm long) which was supported from below by two pivots, mounted 

one above the other, with perpendicular bisected axes of rotation. Rotation of the top pivot 

allowed the stick to move towards and away from the subject, while the lower pivot allowed 

the stick to move laterally. A plywood template fixed above the pivot, part-way up the 

joystick, constrained the stick so that it could be moved in only 4 directions, in two 

orthogonal planes, from a vertical resting position. These directions were: left, right, towards 

and away from the participant. In each direction, the maximum possible displacement of the 

free end of the stick was 24 cm. The assembly supporting the stick, and constraining its 

movements, was hidden from the participants' view by a loose black fabric tent attached to 

the stick.

Word items: The words used were the same ten two syllable words that had previously been 

used by Smyth et al. These were: cabin, table, hotel, city, doctor, bottle, market, sugar, 

picture, and garden. All the words had been selected for being phonemically dissimilar, 

concrete, and of medium to high frequency. As joystick manipulations were generated 

manually by the experimenter on each trial, the presentation of word items was not 

automated either. Each word was printed in a large sans-serif font (Helvetica, 60pt) on white 

cards (10 x 8 cm) so that they too could be manually presented.

Procedure

Item span was measured for two types of item (joystick manipulations and words) both with 

and without concurrent articulation during presentation of the items. Each participant was
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tested in all of the resulting four conditions. The order in which the types of item were 

presented was counterbalanced; both spans for joystick manipulation items were measured 

before word spans for half the participants, and half the participants were tested with word 

items before joystick manipulations. Within these overall orders, the order in which span was 

measured under single task and under dual task conditions was also counterbalanced.

Each participant was tested individually in a small experimental room, and remained seated 

throughout, facing the experimenter, on the opposite side of a small table. At the beginning 

of testing, each participant was told that they would be required to perform two tasks, and 

perform each of these tasks under two types of condition. They were instructed that each 

task involved a number of trials in which a sequence of items would be presented, which were 

to be immediately recalled in the order of presentation. It was also explained that the number 

of items in each trial would increase until a number of mistakes had been made.

The sequence of items appearing in each trial for each participant was determined before the 

start of the experiment. Following Smyth et al., no word occurred more than once in a given 

word item trial; for each serial position within word item trials, words were randomly 

selected from the set of ten words without replacement of words that had already been 

selected for that trial. The restriction of allowing no more than one presentation of each item 

was not possible for joystick manipulation trials with a sequence of more than four items 

because only four possible directions of joystick movement were used. Therefore, pseudo

random sequences of joystick manipulations were generated with the constraint that no 

direction could be selected for a given position in a sequence if it had appeared in either of 

the two preceding positions in that sequence.

Participants' item spans were measured in the following manner. For each span, participants 

were required to recall, in order, the items that were presented in a series of trials with an 

ascending number of items. Each series of trials began with a two item sequence, and, for 

each sequence length, two trials were administered. If the participant correctly recalled all 

the items in a trial, in the order in which they were presented, in at least one of the trials of 

a given sequence length, the number of items in the following two trials was increased by 

one. When both the trials at a given sequence length were incorrectly recalled, no more trials 

were administered for the measurement of that item span. Item span was defined as being
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the sequence length of the final two (unsuccessful) trials minus 1.

At the beginning of each trial, the participant was given the verbal signal "Ready". Items 

were then manually presented by the experimenter during the onset of a tone at a rate of one 

item per 1.5sec. The tone was presented at this rate throughout the experiment. Participants 

had earlier been instructed that the purpose of the tone was to maintain a steady rate of 

presentation of the items, and that they were not required to recall items at the same rate. 

Immediately after the final item in the sequence for each trial had been presented, the 

participant was given the verbal instruction "Go" which indicated that the recall of the 

sequence of items should begin.

Before the start of each word item trial, the word cards for each word occurring in the trial 

were arranged into a deck, in the order that they were to be presented, with a blank card at 

the top of the deck, and held upright on the table with the blank card facing the participant. 

Each word item was presented by allowing the preceding card to fall, face down, onto the 

table. For each of the joystick manipulation items presented, the joystick was moved from 

the vertical start position in one direction to its full extent, and then moved back to the start 

position. The joystick was gripped by the experimenter's right hand near the top of the stick.

Immediately before they began trials with the joystick, participants were told that recall of 

a joystick manipulation would involve them imitating each movement. It was then explained 

that imitation of a movement involved the movement of the participant's arm in the same 

direction with respect to their body as the direction that they had observed the experimenter's 

arm travel relative to the rest of his body. Participants then were familiarised with imitating 

each type of joystick manipulation by reproducing each single movement immediately after 

it had been demonstrated by the experimenter. Each of the four directions of movement was 

demonstrated and reproduced on three occasions. During familiarisation, these movements 

were presented in three sets of the four movements, in a different random order for each set.

When item span was measured under articulatory suppression conditions, the participant was 

required to recite audibly, and at a rate of approximately 5 digits per second, "12345" 

repetitively during presentation of the items for each trial. Number counting was not 

required during the recall stage of a trial. In each trial, number counting was begun at the
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Figure 8.1: Mean item spans for joystick and word items under single and dual task 

conditions from Experiment 12. Concurrent articulation was required under dual task 

conditions.
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"Ready" signal and before the first item was presented, and was finished when the final item 

in a trial had been presented, as signalled by the instruction "Go". Before the start of the first 

trials to measure span under articulatory suppression conditions, satisfactory number 

counting was demonstrated to the participant. The participant was then given an opportunity 

to practice this style of number counting, to check that approximately the correct rate would 

be reproduced and that the numbers would be audible to the experimenter.

Results and Discussion

For each of the experiments reported in Chapter 9, potential order effects were examined by 

an initial analysis of item span using a "diagnostic" four-factor mixed model ANOVA which 

included both counterbalancing variables (order of tasks, order of concurrent activity 

condition) as well as the two repeated measures factors of primary interest (task, activity). 

If main effects of, or interactions involving, either counterbalancing variable were detected 

using a diagnostic ANOVA, that analysis is reported in lull. If, instead, a diagnostic ANOVA 

revealed no evidence that the order in which the conditions were presented influenced item 

span, then the main analysis that is reported for that experiment is a two-factor repeated 

measures ANOVA of task x activity.

When the item span data from Experiment 12 were subjected to a diagnostic ANOVA, no 

evidence was found for any order effects (F(l,12)s  ̂ 2.45, p  ^.14). Therefore, the sample- 

mean item spans for joystick manipulation and word items under single task and dual task 

conditions are displayed in Figure 8.1. These data appear to indicate that span for word 

items tended to be lower under concurrent articulation conditions than under single task 

conditions, while the effect that concurrent articulation had on span did not appear as 

pronounced for joystick manipulation items. These impressions were supported when item 

spans were subjected to a two-factor repeated measures ANOVA of task x activity. This 

revealed a statistically significant main effect of activity, F(l,15) = 10.35, p  = .006, but not 

of task, F(l,15) = 3.33, p  = .088. The main effect of activity should be interpreted in light 

of the statistically significant interaction between activity and task, F (l,15) = 6.62, p  = .021. 

When this interaction was examined further using simple effects, the dual task decrement 

resulting firom concurrent articulation was found to be restricted to memory for word items; 

item span was found to be lower under dual task conditions than under single task conditions
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for word items, F(l,15) = 16.25, p  = .001, but not for joystick manipulation items, F(l,15) 

= 1.92, p  = .186.

These results replicated the established finding that concurrent articulation disrupts short 

term memory for visually presented words (e.g., Baddeley, Thomson & Buchanan, 1975; 

Smyth et al., 1988). They also provided no evidence that concurrent articulation disrupts the 

short term maintenance of information about a series of observed manipulations of a single 

object. Therefore, short term memory for directions in which an object was moved, in 

common with memory for both body movements not directed at objects and for spatial 

locations indicated by pointing at a number of objects, is not disrupted to the same extent as 

words by concurrent articulation during the visual presentation of the items to be recalled. 

Concurrent articulation has been used to interfere with the labelling of pictorial items (e.g., 

Broadbent & Broadbent, 1981), suggesting that its effects are not restricted to the processing 

of graphemic information. Thus, adult humans appear to have remembered observed 

manipulations of a single object not solely through a process of immediately generating verbal 

labels for each direction of movement, and rehearsing these verbal codes. Instead, the 

observed object manipulations may have been maintained in other non-verbal representational 

forms.

E x p e r im e n t  13: B o d y  m o v e m e n t s

Experiment 12 indicated that observed object manipulations may be represented in working 

memory in a non-verbal form. Other potential forms for representation of this information 

might be body movements (imitation), or dynamic properties of the object (emulation). 

Experiment 13 was designed to examine whether observed object manipulations may be 

represented in a similar way to body movements that are not directed at objects or specific 

locations in the environment. If this is the case, then a similar pattern of disruption would 

be expected to be found when items are presented during the concurrent activity that Smyth 

et al. (1988) had found disrupted the reproduction of series of body movements, but not 

spatial locations or words.
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Method

The design of Experiment 13 was identical to that of Experiment 12 in that, for each 

participant, span was measured under both single task and dual task conditions. Howe\ u  . 

body movement items were used in place of the word items, and the concurrent activity was 

repetitive tapping of parts of the body rather than number counting. The orders in which the 

tasks were presented, and the activity conditions administered, were counterbalanced in the 

same way as in Experiment 12. Other details in which the method differed from that used 

in Experiment 12 are as follows.

Participants

Sixteen undergraduate and postgraduate students from University College London took part. 

They had not previously experienced the tasks that were used in the experiment.

Stimuli

Body movement items: The same set of 10 movements that had been used by Smyth et al. 

(1988) were used as body movement items. All the movements were made from a standing 

position, and none of them were common gestures or involved the manipulation of an 

external object. This set of body movements comprised movements of the neck (neck bend 

with chin moving to the chest, head rotation to the right), arms (left arm raised to a vertical 

position, right arm raised to a horizontal position on the right side, both arms raised to a 

horizontal position in front of the chest, both arms crossed in front of the chest with each 

hand close to the opposite shoulder), and legs (knees bend with the torso remaining in a 

vertical position, left leg raised to the left side, left leg raised to the front with the knee bent, 

small step forward onto a bent right leg).

Procedure

Before commencing measurement of each participant's first body movement span, the 

participant was instructed that correct recall of an item required imitation and was
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familiarised with imitating a sequence of all 10 body movements. Imitation was explained 

as requiring the movement of the same body part as had been moved by the experimenter, 

in the same way relative to the rest of the participant's body as the demonstrated action 

travelled relative to the rest of the experimenter's body. Familiarisation with imitating a 

sequence which included all of the body movement items was achieved using the same 

procedure as that employed by Smyth et al. (1988; Experiments 4 & 5). Each item was 

demonstrated in a random sequence in which each of the ten movements occurred once, and 

immediately reproduced by the participant before the next item was presented. This was 

repeated two further times. The participant was then required to attempt to reproduce the 

entire sequence in the correct order. Errors were corrected until three successive correct 

reproductions of the entire sequence had been achieved.

Body movements trials consisted of random sequences of body movement items in which no 

item occurred more than once. While each body movement item was demonstrated, the 

participant also stood, facing the experimenter. Each item began and finished in a start 

position with the head facing forward, arms resting by the sides of the body, and feet 

together.

When item span was measured under concurrent body tapping conditions, the participant was 

required to tap three body positions with both hands at a rate of approximately 4 touches per 

second. The positions were the top of the head, shoulders, and sides of the hips. Body 

tapping was demonstrated and practised before the first trial under concurrent activity 

conditions.

Results and Discussion

The diagnostic, four factor, mixed model ANOVA upon item span with order of tasks, order 

of concurrent movement tapping, task and activity as factors, and with repeated measures on 

the final two factors, provided evidence of an order effect. Therefore, this is the main 

analysis that is reported. This ANOVA yielded a statistically significant main effect of 

activity, F(l,12) = 13.78, p  = .003, but not for any of the other factors, Fs < 1. An order 

effect was suggested by an interaction between order of tasks and activity, F(l,12) = 4.96, 

p  = .046, which was the only interaction which was statistically significant.
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Figure 8.2: Mean item spans for joystick and body movement items under single and dual 

task conditions from Experiment 13. Body-directed tapping was required under dual task 

conditions.
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Figure 8.2 presents the item span data in a form which illustrates the order effect; group- 

mean item spans for joystick manipulation and body movement items under single task and 

dual task (concurrent body tapping) conditions are displayed. The top graph presents the 

mean item spans for the counterbalancing group in which participants experienced the 

joystick task before imitating body movements, while the means for the group in which 

participants had item spans measured for body movements before joystick manipulations are 

displayed in the bottom graph. Data from subjects that experienced both orders in which the 

concurrent task was presented have been combined in Figure 8.2 because no evidence was 

found for an influence of this counterbalancing variable.

Figure 8.2 appears to indicate that both joystick manipulation and body movement item spans 

tended to be reduced more by concurrent body tapping in those participants tested with the 

joystick task first than those that had been tested with the body movement task first. For 

participants subjected to the joystick task first, group-mean item spans measured under 

concurrent movement conditions were approximately .75 items lower than those measured 

under single task conditions. In contrast, measuring body item spans first resulted in a group- 

mean item span that was less than .5 items smaller under concurrent movement conditions 

than under single task conditions for joystick manipulation items, and no difference between 

these conditions for body movement items.

In order to investigate further the nature of the order effect, while continuing to examine 

whether joystick manipulation items and body movement items differ in the way they are 

affected by performing concurrent movements, item span was subjected to a two-factor, 

repeated measures, ANOVA of task x activity for each of the order of tasks counterbalancing 

groups. The ANOVA for the group in which participants were tested with the joystick task 

first revealed that item spans tended to be smaller under concurrent body tapping than under 

single task conditions, F (l,7 ) = 15.75, p  = .005. Neither the main effect of task, F  < 1, nor 

the interaction between task and activity, was statistically significant. For the group in which 

participants were tested with the body movement imitation task first, the ANOVA did not 

reveal any statistically significant effects, Fs < 1.

These results provided no evidence to suggest that short term memory for observed joystick 

manipulation items differs from memory for observed body movements in the conditions
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under which concurrent body tapping reduces item span. Smyth et al.'s (1988) finding that 

concurrent body tapping interferes with short term memory for visually presented movements 

was partially replicated, but also extended to include observed joystick manipulations as well. 

Data from half of the participants, those that experienced the joystick item span task first, 

indicated that the concurrent activity reduced span for both types of item. Testing with the 

concurrent activity was not found to have resulted in a smaller span than under single task 

conditions for either type of item in the other half of the participants, those which had 

experienced the tasks in the opposite order.

There are at least four explanations for the finding that the order in which the tasks were 

administered influenced the effect that the concurrent activity had on item span. One 

possibility is that the order in which the tasks were administered influenced the way in which 

concurrent body tapping affected item span for only the second type of item. A carry over 

effect from the measurement of spans for the item type that was encountered first to the 

spans for the second type of item might have occurred if participants were affected by some 

form of contrast in the demands of the two tasks. The item spans for the first task that 

participants performed would be free from such a carry over effect. Figure 8.2 indicates that 

span for joystick manipulation items was reduced by concurrent body tapping for the 

participants that performed this task first (top graph), but, for the participants that performed 

the body movement imitation task first (bottom graph), body movement item spans were not 

found to be affected by the concurrent activity condition. In order to explain these data, the 

present account would require both that the transition from the joystick task to the body 

movement task resulted in a potentiation of the reduction of span due to the concurrent 

activity, and that the transition from the body movement task to the joystick task resulted in 

a reduction of the effect of the concurrent activity.

A second potential explanation for the order effect is that the order in which the tasks were 

administered influenced the way in which concurrent body tapping affected item span for 

both item types. This might have been due to participants having tended to adopt a strategy 

for representing the observed movements before, or during, the first task that they 

encountered, and continuing to employ the same strategy when performing the second task. 

Participants' strategies could have been influenced by the instructions preparing them for their 

first task or by their initial experience of performing that task. For the participants who
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performed the body movement task first, there was no evidence for an effect of the 

concurrent activity, so experiencing the joystick task first might have been a necessary 

condition for the expression of such an effect. Therefore, the administration of the joystick 

task first may have potentiated a dual task decrement for both types of item. An alternative 

is that if the body movement imitation task was encountered first, an effect of the concurrent 

activity was prevented from being expressed in the item span data. Administration of the 

body movement task first might have insulated memory for both types of item from 

interference from the concurrent activity.

While both of these two accounts are consistent with the finding that the order in which the 

tasks were administered influenced the effect of the concurrent activity on item span, none 

of them gather further support from a comparison with the results of experiments reported 

by Smyth et al. (1988, Experiments 2,3,4). In each of these experiments, concurrent body 

tapping was found to reduce span for observed body movement items, but evidence for an 

order effect was not found in any of them. Therefore, the findings of Smyth et al.'s 

experiments do not suggest that the detection of a reduction in body movement item span due 

to concurrent body tapping requires a transition from another task, such as the joystick task, 

or that earlier testing with such a task is required to potentiate an interference effect for both 

types of items. Nor do Smyth et al.'s findings suggest that experience of the body movement 

task first results in an insulation against an effect of the concurrent activity for that task, as 

well as some types of other task that might follow.

A third explanation for the order effect that cannot be ruled out is that it is merely due to 

sampling error. The four factor ANOVA that was used to diagnose any order effects 

introduces 9 interactions including either one, or both, of the order factors and either one, 

or both, of the repeated measures factors that were of primary interest. As each of these 

interactions are evaluated with an alpha of .05, the inclusion of these interaction terms into 

the analysis increases the error rate per experiment (PE) by .45. This increase in PE is 

equivalent to expecting evidence suggestive of an order effect (at least one of these 9 

interactions reaching statistical significance) coming through chance in 45 % of the occasions 

in which the present experiment might be run. Furthermore, only a modest sample size {N 

= 16) was ençloyed in Experiment 13. Generally, one may be more confident that a sample 

is representative of the population from which it has been drawn as the size of a sample
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increases.

Whatever the source of the order effect, Experiment 13 provided no evidence that the item 

types differed in the conditions under which they were susceptible to interference from the 

concurrent activity. This implies that observed object manipulations may be represented by 

adult humans in a similar way to observed body movements. Research conducted by Smyth 

and associates has suggested that concurrent body tapping during item presentation disrupts 

memory for body movements, but does not affect performance on word or spatial item types. 

Therefore, observed joystick manipulations, like observed body movements, may be 

represented in a motor-specific format that is distinct from verbal or spatial formats.

E x p e r im e n t  14: D y n a m ic  p r o p e r t ie s  o f  t h e  o b j e c t

Experiment 14 was designed to examine further whether joystick movements are reproduced 

through imitation. An alternative account, the emulation hypothesis, is that sequences of 

observed joystick manipulations could be reproduced through recall of the directions in which 

the joystick was seen to travel. Thus information about joystick manipulations might be 

represented as the dynamic properties of an object, the joystick, rather than the body 

movements which resulted in the joystick moving in various directions. It is possible that the 

dynamic properties of an object are represented in a visuo-spatial form rather than the motor- 

specific form that is indicative of imitation. Therefore, Experiment 14 was designed to assess 

whether participants' performance on the joystick task is similar to that on a standard spatial 

task, the Corsi-blocks task (De Renzi & Nichelli, 1975), in the pattern of interference that 

occurs when a concurrent activity known to disrupt visuo-spatial processing is performed 

during presentation of the items. If this were the case, one would expect memory for 

observed joystick manipulations, like memory for the locations of blocks, to be disrupted by 

a spatial-tapping suppression task. This would suggest that a directional control test may not 

provide a pure measure of imitation. If, however, the reproduction of observed object 

manipulations, like the imitation of non-object-directed movements, does not rely upon 

visuo-spatial resources, one would expect disruption only for the Corsi-block items.
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Method

The design of Experiment 14 was identical to that of Experiment 13 except that Corsi-block 

items were used in place of the body movement items, and the concurrent activity was 

repetitive tapping of positions on an object located away from the body rather than parts of 

the body. In all other respects, the method was the same as that used in the two previous 

experiments with the exception of the following details.

Participants

Sixteen participants were tested. All were postgraduate students from University College 

London. None had previously experienced the joystick or the repetitive tapping task. Three 

participants knew of the Corsi-blocks task before their involvement with the experiment, but 

none of them had previously tried to perform the task.

Apparatus & Stimuli

Corsi-block items: Standard Corsi-blocks were used. These consisted of 9 small wooden 

cube blocks (side = 2cm), fixed in an irregular arrangement to a 20 x 25cm board. The 

blocks and the board were painted matt black and none of the blocks had any distinctive 

features. The experimenter could identify each block by a number that was not visible to the 

participant which was attached to the surface facing him.

Concurrent spatial task: The concurrent spatial task was similar to that used by Smyth et 

al. (1988) which had first been used by Farmer, Berman and Fletcher (1986). It was 

constructed from four square copper resistors (side = 7cm), positioned in a square 

arrangement on a circuit board with 2cm separating each square. Each resistor acted as a 

touch sensitive switch. Touches could be recorded by the personal computer used to present 

tones.
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Figure 8.3: Mean item spans for joystick and Corsi-block items under single and dual task 

conditions from Experiment 14. Spatial tapping was required under dual task conditions.
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Procedure

Participants remained seated throughout the measurement of Corsi-block and joystick item 

spans. Before beginning the measurement of each participant's first Corsi-block span, the 

participant was instructed that correct recall of an item required touching the same block that 

the experimenter had touched. As an example of the procedure, one 2 item sequence was 

presented to the participant, and correct recall of this sequence was demonstrated. For each 

item presented, the experimenter moved his right hand from a starting position on his side of 

the Corsi-blocks to one of the blocks, touched it with his fingers, and returned his hand to 

the starting position. For both Corsi-block spans measured for each participant, trials 

consisted of random sequences of block items in which no item occurred more than once and 

the first trial included three items.

When spans were measured under dual task conditions, the participant was required to tap 

each square in turn, in repetitive clockwise circuits, as quickly as possible. The spatial task 

was demonstrated, and practised for 1 minute, before the first dual task trial. So that 

participants would be able to direct their attention to the visually presented items, direct 

visual guidance of their hand movements was phased out after approximately 10 sec of the 

practice session. They were instead asked to view the monitor of the personal computer 

which provided feedback on the tapping performance by indicating each time that contact 

with a new square had been detected.

Results and Discussion

When the item span data were subjected to a diagnostic ANOVA, no evidence was found for 

any order effects (F(l,12)s < 2.40, p  ^ .15). Therefore, the sample-mean item spans for 

joystick manipulation and word items under single task and dual task conditions are displayed 

in Figure 8.3. These data appear to indicate that spans for joystick items were smaller than 

those for Corsi-block items, and that, for both item types, spans tended to be lower when the 

participants were required to perform the concurrent spatial task during presentation of the 

items. These impressions were supported when item spans were subjected to a two-factor 

repeated measures ANOVA of task x activity. This revealed statistically significant main
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effects of task, F(l,15) = 31.15,/? < .001, and activity, F(l,15) = 12.93,/? = .003, with no 

interaction between these factors, F  < 1.

These results have replicated the finding that the spatial tapping task developed by Farmer 

et al. (1986) disrupts short term memory for Corsi-block items (Smyth et al., 1988). They 

also provided no indication that memory for observed joystick items differ from Corsi-block 

items in the extent that they are disrupted by concurrent spatial tapping during presentation 

of the items. This suggests that adult humans may tend to represent sequences of observed 

manipulations of a single object in a similar way to series of spatial locations. As Smyth et 

al. have shown that the spatial tapping task which interfered with short term memory for both 

item types in the current experiment does not disrupt memory for non-object directed body 

movements, it is likely that non-motoric representations play a role in the short term retention 

of information about observed joystick manipulations. Although Smyth and colleagues have 

not reported the results of an experiment to establish that concurrent spatial tapping does not 

diminish memory for visually presented word items. Farmer et al. (1986) have reported that 

spatial tapping selectively disrupts performance on spatial reasoning tasks, but not a linguistic 

reasoning task that is prone to interference from concurrent articulation. Therefore, it seems 

likely that spatial tapping draws upon resources used in processing spatial and not verbal 

information, and that visuo-spatial representations play some role in the matching of series 

of joystick manipulation items.

G e n e r a l  D i s c u s s i o n

Three experiments reported in this chapter have yielded results which appear to have 

elucidated the nature in which adult humans mentally represent observed object movements. 

Experiment 12 indicated that memory for observed joystick manipulations was not disrupted 

to the same extent as memory for visually presented words by concurrent articulation, 

suggesting that verbal labelling of joystick items is not necessary for matching performance. 

Experiment 13 suggested that motoric representations may play a role in remembering 

observed joystick items; the reproduction of sequences of body movement items and joystick 

movement items did not differ in the pattern of disruption caused by a movement suppression
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task. The results of Experiment 14 suggested that the reproduction of series of joystick items 

and spatial locations did not differ in the extent to which they were disrupted by tapping 

directed at spatial locations during item presentation, a spatial suppression task. Thus, 

Experiment 14 appears to indicate that visuo-spatial representations play a role in 

remembering joystick items. Taken together, these findings indicate that both motoric and 

visuo-spatial representations may play a role in the reproduction of observed object 

manipulations, but that verbal labelling is not necessary for short term memory for these 

items.

The finding that verbal labelling was not necessary for matching observed manipulations of 

a single object provides some support for the use of the type of animal model of an imitating 

system described in this thesis to investigate the mechanism through which humans imitate. 

Bidirectional control procedures that have been administered to rat and monkey subjects, like 

the directional control procedure employed in the experiments reported in the present 

chapter, involve the experimental manipulation of directions in which a single object was seen 

to move. Therefore, the finding that humans did not rely upon verbal labelling suggests that 

there is no reason to assume that the mechanism that humans employ in reproducing 

directions in which a joystick was seen to move relies upon their unique capacity to use 

language, or that a mechanism which allows non-human animals to match the direction in 

which an object was moved need be different to a functionally similar mechanism in humans.

The finding that both visuo-spatial and motoric types of representation may play a role in the 

maintenance of information about observed joystick manipulations suggests that more than 

one mechanism could mediate the matching of manipulations directed at a single object, 

although questions remain about the organisation of these processes. The evidence for 

motoric representation of observed joystick manipulations appears to implicate an imitation 

process; participants may have maintained in working memory information about the 

demonstrated actions which caused the joystick to move in particular directions. The 

evidence for spatial representation of joystick manipulation items suggests that the 

reproduction of the observed sequences of items may also have occurred through a non- 

imitative process. However, it is not clear from the present results whether both processes 

could simultaneously operate within an individual, or whether the group study methodology 

employed had obscured individual differences in the matching process used by participants.
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A non-imitative process which could account for behavioural concordance in the present 

directional control test would need to be particularly subtle. Like the joystick-transfer 

condition of the bidirectional control procedure, this directional control test rules out (visuo- 

spatial) representations of the direction in which the joystick is seen to travel relative to either 

the observer's viewpoint (egocentric), or relative to the surroundings (allocentric frame of 

reference). However, participants may have stored directions in which the object was seen 

to move relative to the experimenter's body, and attempted to cause the object to move in 

the same way, relative to their body, under their own actions. This emulation hypothesis 

appears to be the only remaining non-imitative account for response matching in the 

directional control test used in this chapter (see also Chapter 2, Section 3.3.3, for an 

application of the same reasoning to the bidirectional control procedure). Furthermore, the 

representation of the dynamic properties of an object appears to demand visuo-spatial 

processes that are not dedicated to the processing of information about observed movements.

As the present findings suggest that emulation as well as imitation could mediate the 

reproduction of observed object manipulations, there is reason to doubt whether directional 

control tests are applicable to the investigation of imitation using human, or non-human, 

populations. Unless a modified directional control procedure could be developed, which 

does not allow participants to match directions of observed object movement through 

emulation, directional control procedures cannot provide an unambiguous test of imitation 

with which the mechanism of imitation in humans can be investigated. As these findings 

suggest that the emulation of observed object manipulations is computable in a biological 

information processing system, they also suggest that emulation is a viable alternative 

explanation for a demonstrator-consistent responding effect when rats are tested using the 

bidirectional control procedure.
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CHAPTER

9
Summary and Conclusions

The objective of this thesis was to examine the methodological adequacy of directional 

control tests of imitation. Previous research that had used a directional control approach in 

attempts to demonstrate imitation had employed object manipulations in two directions as 

target movements, and animals as research subjects (e.g., Heyes & Dawson, 1990; Heyes, 

Dawson & Nokes, 1992; see also Collins, 1988). Consequently, the focus of the quantitative 

research reported here was on Heyes and colleagues' bidirectional control procedure 

(Chapters 3 , 4 , 5  and 6). However, experiments reported in two of the chapters (Chapters 

7 and 8) examined the use of directional control methodology more generally by applying this 

approach to populations other than rats. In this chapter, it is argued that the evidence 

reported in this thesis suggests that the bidirectional control procedure suffers from practical 

and interpretative problems of its own, as well as an additional outstanding interpretative 

issue common to all directional control tests.

A definition of imitation was specifically tailored for use within this thesis. In Chapter I, 

imitation was identified as a psychological process that serves a particular information 

processing function, through an, as yet, unknown mechanism A virtue with this strategy was 

that the resulting concept of imitation was likely to have significance for cognitive scientists 

investigating information processing mechanisms. It was proposed that the critical 

information processing problem encountered by an imitating agent is being sensitive to a 

correspondence between observed and executed movements, despite the information 

available through observation of a movement being different to that available during 

execution of the same movement (the mapping problem). While it was suggested that the 

computational requirements of the mapping problem are significant, and worthy of further 

investigation, a number of other process that have previously been aligned with imitation 

(e.g., a sensitivity to the outcome of observed actions, mental state attributions) were found 

not to be necessarily implicated by the reproduction of an observed movement; it was
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recommended that these additional processes should be treated as hypotheses that should be 

put to empirical test. Later in Chapter 1, a broad operational definition of imitation was 

adopted in order that it might describe an inclusive category of socially mediated effects that 

involve the mapping problem. Previous attempts to operationalise imitation were found to 

be overly restrictive. Thus, Chapter 1 provided a specification of the standard of evidence 

that would need to be provided by a putative demonstration of imitation, such as that 

provided by the use of a directional control test.

In Chapter 2, previous investigations of imitation that resulted in behavioural concordance 

between animals were reviewed. The outcome of this literature review was that evidence of 

imitation has been provided for only three animals (two chimpanzees and a parrot). Both 

studies which provided these positive demonstrations (Custance et al., 1995; Moore, 1992) 

ruled out non-imitative alternative explanations by using target movements which were not 

object manipulations. By contrast, the behavioural concordance findings of the other studies 

that were reviewed were found to be vulnerable to non-imitative explanations. Although it 

was proposed that the bidirectional control procedure incorporates several features which 

might have made it particularly useful for the elucidation of the mechanism of imitation, this 

method of testing for imitation was no exception. A number of outstanding practical and 

interpretative problems for the bidirectional control procedure were identified, and these were 

examined in the quantitative investigations reported in Chapters 3 to 8. The following 

sections provide a discussion of the implications of the findings of these chapters for the 

methodological adequacy of directional control tests in general, and the bidirectional control 

procedure in particular.

1 . D i r e c t i o n a l  c o n t r o l  m e t h o d o l o g y

1 .1 . Application to new populations

A directional control methodology was extended, for the first time, to the investigation of 

imitation in two populations: humans, and capuchin monkeys.
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1.1.1. Capuchin monkeys

In Chapter 2 it was argued that claims about the phylogenetic distribution of imitation (e.g., 

M oore, 1996; Visalberghi & Fragaszy, 1990; Whiten & Ham, 1992) are somewhat 

speculative because it is too early to ascertain with any certainty which species can, and 

which species cannot, imitate. It was suggested that the difficulty in determining which 

animals have the capacity to imitate has arisen because of controversies over how imitation 

should be defined and demonstrated, on one hand, and inconsistency in application of testing 

procedures, on the other. Monkeys, for example, have rarely been subjected to tests such 

as the bidirectional control procedure that have yielded putative imitation effects in other 

species. In the two experiments reported in Chapter 7 (Experiments 10 and 11) capuchin 

monkeys were subjected to a bidirectional procedure adapted from that used by Heyes and 

Dawson (1990) in order to examine whether directional control methodology might be used 

to establish evidence of imitation in monkeys. Thus, it was hoped that the application of the 

bidirectional control method to other populations would facilitate a comparative analysis of 

imitation.

Neither experiment reported in Chapter 7 provided evidence of imitation in the sample of 

capuchin monkeys that were tested. Only two of the ten animals that were tested moved the 

manipulandum at all during individual testing (Experiment 10). Seven of the remaining eight 

animals only did so during a social test (Experiment 11) in which they were in the same 

testing cage as that occupied by their demonstrator, impairing the integrity of the 

observational manipulation. Thus, when all nine responding animals tended to cause the 

manipulandum to move to the left, relative to their bodies, it was impossible to conclude 

whether this was due to an overall preference for that direction which was independent of 

observational experience, or whether this was due to a non-imitative visually mediated social 

effect, egocentric observational autoshaping: In preferring left responses, eight of the nine 

caused the manipulandum to move in predominately the same direction as they had earlier 

been able to observe it travel, across their own visual field, by watching the animal that had 

most recently recovered food.

One should not infer, on the basis of these inconclusive results, that directional control 

methodology is inappropriate for use with these monkeys, or for other populations for which
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no clear evidence of imitation has been demonstrated. A number of procedural changes 

which might result in the development of a more sensitive bidirectional control procedure to 

be used with monkey subjects were suggested in Chapter 7. In particular. Experiments 10 

and 11 helped to illuminate some of the desired features of target movements to be used in 

two action tests such as the bidirectional control procedure. These methods are most 

effective when the target movements are designed to have a high baseline probability of 

occurrence in the animals tested, ensuring that the majority of animals exhibit some of the 

behaviour of interest. It is also desirable that the two target movements should have 

approximately the same probability of occurrence so that a preference for one of the 

alternatives is unlikely to result in the prevention of a demonstrator-consistent responding 

influence. Any future research applying bidirectional control methodology to species other 

than rats should employ a testing procedure that is designed to result in both directional 

movements having a similar, high, baseline probability of occurrence.

1.1.2. Humans

The directional control method was extended to the investigation of humans' reproduction 

of observed behaviours with rather more success in the three experiments which were 

reported in Chapter 8 (Experiments 12, 13 and 14). Adult humans participating in these 

experiments experienced no problem in reproducing the joystick movement items that were 

presented to them. However, the human participants were explicitly told, at the beginning 

of testing, which joystick movement to make in response to the target movements that were 

demonstrated. Thus, these experiments, unlike those of the majority of the animal 

experiments, were not designed to investigate the extent to which an agent brings to the 

testing situation a tendency to exhibit behaviour of the same type as that which had been 

observed. Instead, Experiments 12, 13 and 14 were designed to examine factors which might 

influence humans' capacity to reproduce series of observed object movements by measuring 

their item span under a number of conditions, an approach borrowed from investigations of 

short term memory. The implications of the findings of these experiments are discussed in 

the following section.
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1.2. An interpretative problem: The emulation hypothesis

The directional control experiments conducted on adult human participants (Experiments 12, 

13 and 14) were designed to examine a possible interpretative problem common to all 

directional control tests. This interpretative problem centres upon the content of an agent's 

representation of the observed behaviour in a directional control test, as outlined in Chapter 

2 (Section 3.3) for the bidirectional control test (see also Section 2.1.3, this chapter). 

Because directional control methodology prescribes that target movements are identified with 

specific (directional) displacements of an object, the content of an observer's representation 

of the target movements could be the movements of the manipulandum (the emulation 

hypothesis) as well as the body movements of the demonstrator that caused the 

manipulandum to move in the observed fashion (the imitation hypothesis). Similarly, other 

two action tests which also identify target movements with specific displacements of an 

object (e.g.. Whiten et al., 1996) are prone to the same interpretative problem. Thus, the 

interpretation of demonstrator-consistent responding effects yielded by such procedures is 

ambiguous; demonstrator-consistent responding might be the result of either imitation or 

emulation.

In Chapter 2 (Section 3.3), the distinction between the imitation and emulation hypotheses 

was shown to be particularly subtle for directional control tests in which the observer 

confronts the demonstrator face-to-face during demonstrations, and matching movements are 

not directed to a particular location in space. It was suggested that, irrespective of the 

content of the representations, observed object manipulations must be represented as 

movements or displacements "agentcentrically", or in relation to the position of the 

demonstrator. Perhaps it is the formation of agentcentric representations which should be 

considered the essence of imitation? If so, and it was suggested that this is consistent with 

the position adopted by Heyes (1996b), the content of these representations may not be 

critical, especially as they appear to be indistinguishable within a directional control test. 

Emulation, therefore, would not necessarily pose an interpretative problem for the results of 

directional control experiments. An alternative position, advocated in Chapter 2, is that it 

would be useful to maintain a distinction between imitation and emulation, particularly if it 

could be shown that the two are likely to be mediated through different psychological 

mechanisms. Therefore, the experiments reported in Chapter 8 examined what types of
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concurrent activity would interfere with the reproduction of series of directional movements 

of a joystick (which could be emulated or imitated), and, in particular, compared the resulting 

patterns of interference with those which have occurred for the reproduction of series of non

objected directed movements (which could only be imitated).

The pattern of interference effects resulting from the experiments reported in Chapter 8 

appear to indicate that the reproduction of object directed joystick manipulations and non

object directed movements demand different information processing resources. The 

reproduction of joystick manipulations was found not to be prone to interference from 

concurrent articulation (Experiment 12) but to suffer from interference from a body-centred 

tapping task (Experiment 13), as has also been found to be the case for non-object directed 

movements (Smyth et al., 1988) . However, in terms of interference from a third type of 

concurrent task, joystick manipulation and non-object directed movements were found to 

differ: Memory for sequences of joystick manipulations was found to be prone to

interference from concurrent spatial tapping, in contrast to previous findings for sequences 

o f non-object directed movements (Smyth et al., 1988). This pattern of interference was 

interpreted as suggesting that both motoric and visuo-spatial representations may play a role 

in the reproduction of object directed movements, in contrast to non-object directed 

movements which appear to demand a motoric representation. Furthermore, this difference 

in the demands of the two types of movement item appears to provide some support for 

maintaining a distinction, on information processing grounds, between the (motor) imitation 

of body movements and the (visuo-spatial) emulation of object displacements. Unless 

imitation and emulation can be demonstrated to be mediated by a common mechanism, the 

distinction between emulation and imitation appears to be useful; directional control tests and 

other two action tests which identify target movements with specific displacements of an 

object do not provide an unambiguous test of imitation.
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2 . THE BIDIRECTIONAL CONTROL PROCEDURE 

2.1. Interpretative Problems

Three interpretative issues which challenge the adoption of the bidirectional control 

procedure as a test for imitation were raised in Chapter 2. These were: the reliability of 

demonstrator-consistent responding effects, and the roles of local enhancement of parts of 

the testing apparatus, and of exposure to the movements of the joystick, in generating these 

effects. Evidence presented in this thesis which relates to each of these issues will be 

discussed in turn.

2.1.1. The reliability o f demonstrator-consistent responding effects

In Chapter 2, the possibility was advanced that demonstrator-consistent responding effects 

detected with the bidirectional control procedure were a sampling artefact. This was the 

most fundamental of methodological issues examined in this thesis because, without firm 

evidence of a reliable demonstrator-consistent responding bias, the bidirectional control 

procedure would fail to measure behavioural concordance at all. In support of the sampling 

artefact position was the observation that only a relatively small proportion of bidirectional 

control experiments have yielded statistically significant demonstrator-consistent responding 

effects. Furthermore, the patchy replicability of this basic effect for the bidirectional control 

experiments reported here (Experiments 1 to 7) was also consistent with this position.

The reliability of the basic demonstrator-consistent responding effect was addressed by 

conducting a meta-analysis of a large sample of bidirectional control experiments (Chapter

5), with quite conclusive results. Both vote counting and Stouffer methods of combining 

research findings indicated a statistically significant demonstrator-consistent responding 

tendency. Thus, at a population level, observer rats were shown to have a tendency to 

respond in the same direction as that of their demonstrators; the bidirectional control 

procedure appears to be adequate, at least in principal, to provide a putative demonstration 

of imitation.
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2.1.2. Local enhancement to parts o f the testing apparatus

A second interpretative issue outlined in Chapter 2 was that demonstrator-consistent 

responding might be the result of local enhancement to parts of the testing apparatus rather 

than imitation. In support of this argument were the findings of an observational study of the 

joystick manipulation behaviour of rats (Dickinson et al., 1996), which revealed that the 

typical method of deflecting a Joystick was a pushing movement, with the rat facing the stick 

from one side. Thus, left pushing demonstrators are likely to have contacted, and 

approached, the joystick from the opposite side to that of right pushing demonstrators. A 

demonstrator-consistent responding effect might be attributable to asymmetric local 

enhancement of parts of the testing apparatus. It was argued that a visually mediated local 

enhancement process would be unlikely to result in behavioural concordance because an 

observer's visual coding of joystick laterality would, most likely, have been viewpoint 

dependent. However, a non-visual local enhancement process, whereby observers tended to 

approach an odorous physical trace asymmetrically deposited during a demonstration session, 

was advanced as a possible non-imitative account for demonstrator-consistent responding 

effects. It was argued that this "odour hypothesis" is consistent with what is known about 

the sensory capabilities of rats, and this hypothesis was examined by a series of experiments 

(Experiments 4, 5, 6, 7 and 7A) reported in Chapter 4.

The findings of the experiments reported in Chapter 4 were not conclusive. While all five 

experiments investigated whether demonstration session deposits were sufficient to result in 

a demonstrator-consistent responding tendency, evidence that deposits could result in a 

demonstrator-consistent responding tendency was found for only two of these experiments 

(Experiments 4 and 5) and findings consistent with a tendency to respond in the opposite 

direction to that of the depositing demonstrator was found for one experiment (Experiment

6). Clearly, non-visual local enhancement does not invariably result in demonstrator- 

consistent responding. Nonetheless, these findings do indicate that a relatively stable trace 

of a demonstration session, presumably food deposits or a some form of odorous secretion, 

can have an important influence on observers' directional responding when tested using the 

bidirectional control procedure. In addition, it was suggested that the contrasting deposit 

effects found for Experiments 5 and 6 might still be consistent with the odour hypothesis if 

colony differences for these experiments determined whether the observer rats tended to
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approach (Experiment 5) or avoid (Experiment 6) the physical traces left by their 

demonstrators.

Four of the experiments reported in Chapter 4 also examined whether visual exposure to a 

demonstration session would result in a tendency for demonstrator-consistent responding that 

was independent of the effects of demonstration session deposits. An effect of observation 

was found in only one of these experiments (Experiment 5), and this was found to be a 

tendency for observers to respond in the opposite direction to that of their demonstrator. 

Tliis result was described as egocentric observational autoshaping, a non-imitative, visually 

mediated, social effect in which an observer was influenced to push the joystick in the same 

direction, relative to its visual field, as the joystick had been seen to move during a 

demonstration session. Egocentric observational autoshaping was also one explanation 

advanced for the directional responding of capuchin monkeys when they were subjected to 

a similar bidirectional control procedure (Experiments 10 and 11). Although observational 

autoshaping was by no means the only interpretation of these monkeys' behaviour (e.g., their 

directional responding may have simply been influenced by asymmetry in their testing 

environment), it is noteworthy that the behaviour of this visually reliant species was 

congruous with the results of Experiment 5,

Taken together, these findings suggest that the odour hypothesis remains a plausible 

alternative account for the demonstrator-consistent responding of rats subjected to a 

bidirectional control test‘d. They also suggest that animals that have been visually exposed 

to the directional responding of a demonstrator (while the pair of animals are face-to-face) 

may not be prone to a visually mediated influence to respond in the same direction as that of 

their demonstrator, as would be expected if they were imitating. In fact, a demonstrator- 

consistent observational effect has yet to be found for rats subjected to a bidirectional control 

test when steps have been taken to control for non-visual local enhancement. Further 

research would be required in order to establish that visual exposure to demonstration 

sessions contributes to demonstrator-consistent responding in the bidirectional control 

procedure.

‘̂ Heyes (in press) has come to agree with me on this point: "...if there is a killjoy 
explanation for the rat bidirectional control data (e.g. Heyes et al. 1992), my hunch is 
that it will have something to do with scent cues."
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An alternative future direction for research that relates to the odour hypothesis would be to 

investigate the conditions which influence rats' approach to physical cues deposited by a 

conspecific during instrumental responding. Many questions remain to be resolved, such as 

the nature of these deposits and the effects of the animals' relatedness and familiarity. While 

such research would not help to explain the mechanism through which humans reproduce 

behaviours that they have observed, or how animals imitate observed movements, it may have 

implications for the design and execution of many experiments that involve rats as subjects, 

and the repeated use of the same apparatus for testing.

2.1.3. Exposure to movements o f the joystick

If it were possible to establish that visual exposure to demonstration sessions contributes to 

demonstrator-consistent responding in the bidirectional control procedure, a further 

interpretative issue would need to be addressed. This problem, the third interpretative issue 

that was raised in Chapter 2, is that demonstrator-consistent responding might be the result 

of observer rats being influenced to move the joystick in the same way as it had been 

observed to move (the emulation hypothesis), rather than being influenced to make the same 

movements as their demonstrators (the imitation hypothesis).

The emulation hypothesis was not addressed directly by the research reported in this thesis. 

This was partly because it remains unclear how emulation and imitation might be empirically 

distinguishable within the bidirectional control procedure (Heyes, 1996b; see Chapter 2, 

Section 3.3.3), but also because of the absence of evidence that visual exposure to 

demonstration sessions contributes to a demonstrator-consistent responding tendency. 

However, the emulation hypothesis was addressed indirectly in the experiments that involved 

adult human participants and a novel directional control procedure (Experiments 12, 13 and 

14) that were reported in Chapter 8. These experiments provided some evidence that 

humans, at least, represent observed object manipulations in a different way to observed body 

movements that are not directed at an object. Earlier in this chapter, when these findings 

were discussed in relation to the general directional control method (see Section 1.2), it was 

suggested that this appears to support the integrity of emulation as a socially mediated effect 

that has a distinctive psychological mechanism from that of imitation. One might speculate 

that humans emulate observed object manipulations, and that this increases the plausibility
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that animals, such as bidirectional control rats, may also have the capacity to emulate during 

a bidirectional control test. Nonetheless, a more conservative interpretation of these findings 

is that they make the emulation hypothesis harder to dismiss as not indistinguishable from the 

imitation hypothesis. Even if the effects of demonstration session deposits could be ruled 

out, demonstrator-consistent responding in the bidirectional control procedure would not 

provide unambiguous evidence of imitation, although a capacity to represent the displacement 

of an inanimate object relative to the position of a conspecific would be remarkable, and 

worthy of further investigation in its own right.

2.2. A practical problem: Poor sensitivity

Earlier in this chapter (see Section 2.1.1), it was argued that demonstrator-consistent 

responding effects measured by the bidirectional control procedure are not a statistical 

artifact, despite the general lack of replicability of this basic effect. This indicates that the 

bidirectional control procedure must be a relatively insensitive test of behavioural 

concordance in animals, as was suggested in Chapter 2 (Section 4.2). Notwithstanding 

outstanding interpretative problems, the bidirectional control procedure may riot be 

sufficiently sensitive to be of practical use in the investigation of imitation. This potential 

practical problem was addressed in three chapters. Two chapters (Chapter 3 and 6) reported 

bidirectional control experiments designed to help make the procedure more sensitive. In the 

third of these chapters. Chapter 5, a meta-analytic review of bidirectional control experiments 

was presented in order to assess the sensitivity of bidirectional control tests.

Different strategies were adopted for the experiments reported in Chapters 3 and 6, with little 

success in either case. For those experiments in Chapter 3 (Experiments 1, 2 and 3), it was 

hoped that a more sensitive measure of demonstrator-consistent responding might be 

revealed by minor modification of the conventional NDR procedure. This objective was 

pursued, in each experiment, by comparing demonstrator-consistent responding of rats that 

had been subjected to the modified procedure with that of other rats that had been subjected 

to the conventional procedure. However, none of the modifications that were examined 

(reduction in the number of magazine sessions and removal of tones. Experiment 1 ; exposure 

to a non-proficient demonstrator. Experiments 2 and 3) were found to result in a facilitation 

of demonstrator-consistent responding. In contrast, the strategy adopted for the experiments
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reported in Chapter 6 (Experiments 8 and 9) was a more radical departure from the 

conventional procedure. Both experiments were attempts to train demonstrator-consistent 

responding in rats using a bidirectional control procedure. Unfortunately, neither of these 

preliminary training studies generated results to suggest that the rats had either a trained, or 

untrained, tendency to push the joystick in the same direction as had their demonstrators. 

Thus, a more sensitive bidirectional control procedure was not developed through either 

minor modifications to the conventional NDR procedure (Chapter 3) or the use of a training- 

to-imitate approach (Chapter 6).

The meta-analysis of bidirectional control experiments presented in Chapter 5 provided an 

evaluation of the sensitivity of bidirectional control procedures. The effect size for 

demonstrator-consistent responding, as detected by the conventional NDR procedure, was 

estimated to be only modest in magnitude {g = .35). Furthermore, no evidence was found 

to indicate that the size of this effect was dependent upon the type of design used in 

conjunction with the bidirectional control procedure. It was the small average effect size of 

the demonstrator-consistent responding tendency which provided the key to the poor 

sensitivity of the bidirectional control procedure. A power analysis revealed that the sample 

size that would be required to consistently detect this basic effect was unmanageably large: 

For the conventional NDR procedure, the total sample size was estimated to be 260 in order 

to detect demonstrator-consistent responding with 80% power. Therefore, it appears that 

bidirectional control procedures of the type summarised by the meta-analysis are not 

sufficiently sensitive to be of practical use in the investigation of imitation.

Of the three chapters which addressed the issue of the sensitivity of the bidirectional control 

procedure. Chapter 5, the meta-analysis, certainly provided the most conclusive findings. 

However, the implications of this evaluation of sensitivity are limited to bidirectional control 

procedures drawn from the same theoretical population from which the experiments 

summarised in the meta-analysis are assumed to have been sampled from. It is possible, at 

least in principle, that a novel bidirectional control experiment, a member of a different 

population of experiments, could measure demonstrator-consistent responding with a 

practical level of sensitivity. Furthermore, the failure to develop a more sensitive procedure 

through the experiments reported in Chapters 3 and 6 certainly does not indicate that it 

would be impossible to develop a procedure with an adequate level of sensitivity, especially
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as so little of the parameter space had been investigated in these experiments. Although 

minor modifications, of the type investigated in Chapter 3, might improve the sensitivity of 

the conventional NDR procedure, it seems unlikely that any resulting improvement would 

be large enough to make the modified procedure a practical tool. Instead, one might 

speculate that a more radical alteration to existing bidirectional control procedures, such as 

training studies of the type introduced in Chapter 6, would be required if future research is 

to be dedicated to the investigation of imitation using the bidirectional control procedure.

3 . C o n c l u s i o n s

Evidence reported in this thesis suggests that the bidirectional control procedure presently 

suffers from practical and interpretative problems of its own, as well as an additional 

outstanding interpretative issue common to all directional control tests. The foremost 

problem is that it has proved difficult to use the bidirectional control procedure to repeatedly 

establish demonstrator-consistent responding, putative evidence of imitation, in rats. No 

existing bidirectional control procedure was found to be sufficiently sensitive to be of 

practical use in the investigation of imitation. Furthermore, two alternative, non-imitative, 

explanations for demonstrator-consistent responding were found to pose outstanding 

interpretative problems for the bidirectional control procedure. The first, non-visual local 

enhancement (odour hypothesis), is likely to be specific to directional control experiments, 

such as Heyes and Dawson's bidirectional control tests, in which the animals tested rely upon 

olfaction to control action (Whishaw & Tomie, 1989). Some evidence was found to suggest 

that demonstrator-consistent responding could occur if observers tended to approach 

physical traces asymmetrically deposited within the apparatus during demonstration sessions. 

It was suggested that further research would be required in order to establish that visual 

exposure to demonstration sessions contributes to demonstrator-consistent responding in the 

bidirectional control procedure. A second outstanding interpretative problem, common to 

all directional control tests, provides an alternative explanation for a visually mediated 

tendency to displace an object in the same direction as it had been observed to be 

manipulated. This account (the emulation hypothesis) proposes that an observer is influenced 

by its visual exposure to the movements of the manipulandum rather than the demonstrators
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movements which caused the manipulandum to move in the observed fashion. Emulation 

was found to be distinguishable from imitation conceptually, and, it is suggested, in terms of 

the psychological resources which it demands. Whenever target movements are identified 

with specific displacements of an object, visually mediated behavioural concordance might 

be either emulation or imitation. At present, the bidirectional control procedure is not 

particularly well suited to the task of demonstrating, let alone analysing, imitation.
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